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Abstract

Tropical microalgae and cyanobacteria have natural potential virtues that can
be used in a wide range of bioproducts. Indeed, they represent a large biodiversity and
benefit from favorable environmental conditions. In this context, 27 isolated marine
tropical strains have been studied for their total lipid content, lipid class’s distribution
and fatty acids composition. Their potential use for applications in the field of biodiesel and nutritional products has been evaluated by the determination of various parameters estimated in relation to the carbon chain size and the amount and/or position of
double bonds in fatty acids (as example, the cetane number, the iodine value, the polyunsaturated/saturated acids ratio, the omega 6 and 3 ratio (n6/n3)). The dinoflagellates
Prorocentrum lima and Amphidinium massartii, and the cyanobacteria Leptolyngbya
sp. RS01 have good characteristics for biodiesel production whereas Spirulina sp. has
a good profile of fatty acids for nutritional application.
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Introduction
Interest in microalgae for oil production is based on
Our current society is confronted with major challenges
concerning the environment, the energy and the access to the their rapid growth rate, low land-area requirements and their
food and water[1]. The renewable resources constitute relevant ability to convert solar energy into fatty acids which can be
objects of study. Among these, microalgae draw a quite partic- turned to biodiesel via transesterification reactions[9] or used
ular attention. Indeed, as major part of the phytoplankton, mi- as food complements[10]. Oleaginous microalgae are capable of
croalgae are essential for the global food chain and the marine accumulate from 20- 50% up to 80% of their dry cell weight
ecosystem. Phytoplancton is responsible for the half of the pri- as triacylglycerols (i.e. TAGs)[11,12] when they are subjected to
mary production on Earth[2], it plays an important role in CO2 alteration in culture conditions (limited supply of nitrogen, high
sequestration and it may participate for reducing contaminants salinity, high light intensity). Algal biodiesel can be used in exas microalgae can rapidly adapt to polluted environments[3-5]. In isting engines with little or no modification and has a higher
addition to these ecological benefits, microalgae are considered flashpoint, faster biodegradation and greater lubricity as comas one of the most promising feedstock for biofuels and chem- pared with traditional diesel fuel[13].
Microalgae are the primary source of PolyUnsaturated
icals because they generate valued bio-products like pigments,
Fatty Acids (PUFAs) that have nutritional and pharmaceutical
antioxidants and lipids[6-8].
Copyrights: © 2017 Fabienne, F. This is an Open access article distributed under the terms of Creative
Commons Attribution 4.0 International License.
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interest. The n3-PUFAs are of particular importance as they cannot be synthesized by humans and are thus obtained only through
dietary sources. Long chain n3-PUFAs are hypotriglyceridemic
and thus important in the prevention of human cardio-vascular
and inflammatory diseases[14]. The nutritionally important C18
and C20 PUFAs including n3-PUFAs are present in substantially
high amounts in microalgae[15]. Although fish is also a source
of PUFAs, these organisms usually obtain their PUFAs via bioaccumulation through the food chain. Fish PUFAs production
depends on fish quality and sufficiency while that of algae does
not[16].
In addition to optimization of culture conditions, strain
selection is also of importance. There has been an interest in
isolating new native microalgal strains when a large-scale application is intended.
The marine biodiversity of Western Southwest of
Indian Ocean (WIO) is one of the least known globally, with
major gaps in species distribution records of even well known
taxonomic groups[17]. Then, the 3 microalgae of WIO have been
little studied[18,19] and few studies have been done on[20-26]. But
no studies were performed on the chemiodiversity of these two
taxonomic groups.
The present study is carried out to characterize 27 marine tropical microalgae and cyanobacteria isolated from benthic
habitats for their total lipid content, lipid classes distribution and
fatty acids composition. The generated data allow to approach
an evaluation of their potential use for applications in the field
of biodiesel and nutritional products. In this objective, various
parameters, giving evidence of the quality of fatty acids, are determined. These parameters are estimated in relation to the carbon chain size and the amount and/or position of double bonds
in fatty acids.
To the best of our knowledge, the lipid profiles for these
tropical marine microorganisms, from South West Indian Ocean
belonging mainly to Dinophyceae and Cyanophyceae, are reported for the first time in the present study.

Material and Methods
Sampling and sites description
Microalgae and cyanobacteria studied in the current
work come from the PHYTOBANK collection at HYDRÔ
REUNION. The strains were collected in the Southwest Indian Ocean from 1992 to 2013. Sampling was performed during
various research programs conducted by HYDRÔ REUNION in
Réunion, Mayotte, Madagascar and Scattered Islands (Europa
and Glorioso Islands) (Figure 1).

Figure 1: Geographical localization of microalgae and cyanobacteria
www.ommegaonline.org
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sampling in the Southwest Indian Ocean (Réunion, Mayotte, Madagascar, Mauritius, Europa, Glorioso Island).

Cyanobacteria and microalgae benthic were sampled
using scuba-diving or snorkeling, supported by photographic
documentation. At laboratory, cyanobacteria samples were subdivided into three subsamples: one part of the sample was preserved with formaldehyde (4%) for later microscopic analysis; a
second part was stored in ethanol for DNA analysis, and a third
part was prepared for culture filing some filaments in agar plate
and in liquid medium.
Isolation and cultivation of strains
Microalgae strains
Using an inverted microscope, microalgae cells are individually isolated by pipetting quickly after sampling, 3-fold
rinsed in sterile seawater and transferred in plates with medium
for growing. After some transfers to reach a high cell density,
microalgae strains are transferred and cultured in glass tubes in
F/2 medium (or F/2 medium supplemented with silicium for diatoms strains)[17] at 26°C with a 12:12 hours photoperiod (around
20 - 40 photons m-².s-1). The cultures are then maintained in the
PHYTOBANK collection (Table 1).
Cyanobacteria strains
Raw biological samples are screened for cyanobacterial specimens using microscopic lens and light microscope,
and subsequently subjected to liquid culture enrichment, agar
plates streaking or micromanipulation. Isolation and cultivation
are performed using modified BG11 medium[26] or Z8 medium
[28]
medium in sterile seawater and using 18 g/L agar concentration for agar plates. Seawater samples are filtered with glass
fiber filters GF/F and autoclaved. The cultures were kept under
a 12:12 hours photoperiod (around 20 - 40 photons m-².s-1) at
26°C. After several transfers of filaments, cyanobacteria strains
are isolated and conserved at PHYTOBANK collection (Table
1).
Biomass production
For large-scale biomass production, isolates are grown
in 250 mL to 5L culture vessels with aeration under the same
culture conditions previously cited. After 3 - 4 weeks of growth,
cells are harvested at stationary phase by filtration (species
forming biofilms) or centrifugation for motile species (4000 g
during 3 minutes, with Thermo Electron Co., HeraeusTM MegafugeTM 1.0R centrifuge), frozen at -20°C and freeze-dried. For
each strain the total biomass is obtained from several cultures
with successive harvesting, due to laboratory limitations for
large-scale culture.
Lipids analysis
Lipid classes analysis by IATROSCAN chromatography
Algal lipids are extracted in dichloromethane-methanol
(2:1, v/v) using a modified Folch procedure[29] as described
by Parrish[30]. Lipid classes are separated by thin-layer chromatography using flame ionization detection (TLC-FID) with an
Iatroscan MK-6 (Shell USA, Fredericksburg, VA, USA) as described by Parrish (Parrish 1987). Extracts are spotted on silica
gel-coated chromarods (SIlI, Shell USA). The different classes are triacylglycerols (TAG), free sterols (ST), phospholipJ Marine Biol Aquacult | volume 3: issue 2
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ids (PL), acetone-mobile polar lipids (AMPL), free fatty acids
(FFA), ketones (KET) and free aliphatic alcohol (ALC).

Cloud point (CP)[35]
		CP = (0.526 × C16) − 4.992

Fatty acid composition analysis
The fatty acids (FA) are extracted through direct transesterification[31]. All fatty acid methyl esters (FAMEs) are analyzed by GC-MS (Thermo Fisher Scientific Inc., GC model
Trace GC Ultra and MS model ITQ900) equipped with a Supelco Omegawax 250 capillary column (30 m x 250 μm x 0.25
μm film thickness). Initial oven temperature is 100°C for 2 min,
then 140°C for 1 min and is increased at a rate of 10°C min-1
until it reaches 270°C. Injector temperature is 90°C and a constant helium flow of 1.0 mL min-1 is used. A volume of 1 μL was
injected. Fatty acids (FA) are identified and quantified by comparing retention times and mass spectrum with known standards
calibration curve with concentration ranging from 0.5 to 20 mg/
mL (Supelco 37 Component FAME Mix Supelco Inc., Belfonte,
PA, USA) with the use of Xcalibur v.2.1 software (Thermo Scientific, Mississauga, ON, CA).

Degree of unsaturation (DU)
		DU = MUFA + (2 × PUFA)
The long-chain saturated factor (LCSF) and the cold filter plugging point (CFPP) are estimated as below:
LCSF = (0.1 × C16) + (0.5 × C18) + (1 × C20) + (1.5 × C22) + (2 × C24)
CFPP = (3.1417 × LCSF) − 16.477

The allylic position equivalents (APE) and bis-allylic position
equivalents (BAPE) are calculated using the equations previously developed by Knothe[36]
APE = σ(apn x Acn)
BAPE = σ(bpn x Acn)
apn is the number of allilic positions in a specific FA
bpn is the number of bis-allilic positions in a specific FA
Acn is the amout (%) of each FA in the mixture

Data analysis
Results are expressed as the mean±standard deviation
(SD) of three replicates. The lipid content and fatty acid profile
data obtained are submitted to a variance analysis. The tests and
the corresponding p values are indicated in the legends of the
figures.
All analysis are performed on 3.1.2 R version and package FatoMineR[32]. Hierarchical clustering is also conducted in
the form of an agglomerative hierarchical clustering in combination with an Euclidean distance metric. The criterion employed
to cut the dendrogram is to divide into groups at the point of
maximal loss of intra-cluster inertia (default criteria in FactoMineR package).

Nutritional properties
The unsaturation index is calculated by multiplying the
percentage of each fatty acid by the number of double bounds
followed by summing up their contribution[37].
Unsaturation index (UI)
σ(% unsaturated fatty acids x double bond number)
UI = --------------------------------------------------------------σ(% saturated fatty acids)
Atherogenic and thrombogenic indices are calculated according
to De Lorenzo et al.[38] where:
Atherogenic index (AI)

C12 : 0 + (4 x C14 : 0) + C16 : 0
AI = ---------------------------------------------		
n3PUFAs + n6PUFAs + MUFAs

Biodiesel properties
The carbon chain sizes and the amount and/or position
of double bounds are factors that determine the molecular structure of FAME. Additionally, these molecular characteristics influence the parameters of biodiesel quality such as cetane number (CN), iodine value (IV), cold filter plugging point (CFPP)
and oxidation stability[33]. The CN, saponification value (SV)
and IV can be calculated based on the FAME profile using equations described below[34].

Thrombogenic index (TI)
TI =

C14 : 0 + C16 : 0 +C18 : 0
-----------------------------------------------------------------------0.5 x MUFAs + 0.5 x n6 PUFAs + 3 x n3PUFAs + n3/n6 PUFAs

Results and discussion
The tropical microalgae and cyanobacteria strains belonging to the families of Prorocentraceae, Gymnodiniaceae,
Stylonemataceae, Synechococcaceae, Oscillatoriaceae, Symbiodiniaceae, Pseudanabaenaceae, Merismopediaceae, and Pavlovaceae are listed in Table 1.

Saponification number (SN)
			560Ai
		SN = σ ----------			 Mwi
Ai: % mass fraction of each fatty acid component
Mwi: molecular mass of each fatty acid component
Iodine Value (IV)
		
254 x D x Ai 
IV = σ ----------------		
Mwi
D: double bond number
Cetane number (CN)
		
CN = 46.3 + 5458/ SN - 0.225IV
Fabienne, F., et al.
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Table 1:List of the 27 microalgae and cyanobacteria strainsinvestigated in this study (isolated from islands located in the Southwest Indian Ocean).
Taxonomic
group

Order/familiy

Genus

Species

Site of
origin

Culture
medium

ID

Biomass
mg/L/d

Lipid rate
(% dry
weight)

Amphidinium

carteraeHulburt

Réunion

F/2

P-38

11.6

22.68 ± 0.92

Amphidinium

massartiiBiecheler

Mauritius

F/2

P-41

4.7

11.91 ± 4.51

Amphidinium

massartiiBiecheler

Europa

F/2

P-42

71.3

6.90 ± 4.92

Amphidinium

gibbosumMaranda
Shimizu Jorgensen Europa
Murray

F/2

P-43

11.5

24.70 ± 6.49

Amphidinium

massartiiBiecheler

Glorioso

F/2

P-44

9.2

6.41 ± 3.48

Amphidinium

carteraeHulburt

Gloriosio

F/2

P-45

12.1

28.97 ± 4.49

Amphidinium

carteraeHulburt

Madagascar F/2

P-59

3.7

22.15 ± 4.37

Amphidinium

carteraeHulburt

Madagascar F/2

P-63

8.1

42.62 ± 15.97

Amphidinium

massartiiBiecheler

Réunion

F/2

P-80

27.5

17.41 ± 3.69

Prorocentrum

lima (Ehrenberg)
F.Stein

Réunion

F/2

P-08

7.6

15.31 ± 2.82

Prorocentrum

lima (Ehrenberg)
F.Stein

Réunion

F/2

P-37

12.7

23.37 ± 11.76

Symbiodinium

sp.

Réunion

F/2

P-76

4.2

5.90 ± 0.40

Symbiodinium

sp. (Clade D)

Réunion

F/2

P-78

14.9

2.83 ± 0.69

Symbiodinium

sp.strain Y6-1

Réunion

F/2

P-79

14.7

29.14 ± 7.36

Leptolyngbya

sp. 1

Réunion

mod-BG11 C-23 47.9

3.85 ± 1.19

Pseudoanabaenaceae Pseudoanabaena sp.

Réunion

mod-BG11 C-24 77

3.05 ± 1.50

Leptolyngbyaceae

LPP-group

sp. strainLPP1

Mayotte

mod-BG11 C-12 26

9.07 ± 0.53

Leptolyngbyaceae

Leptolyngbya

sp. 2

Mayotte

Z8

C-13 14.3

9.27 ± 3.59

Leptolyngbyaceae

Leptolyngbya

sp. strainRS01

Mayotte

mod-BG11 C-16 45.4

5.08 ± 0.74

Spirulinaceae

Spirulina

sp.

Réunion

mod-BG11 C-17 23.70

10.90 ± 1.96

Coleofasciculaceae

Roseofilum

sp. 1

Réunion

mod-BG11 C-07 12.40

1.90 ± 1.47

Synechococcaceae

Synechococcus

elongatus(Nägeli)
Madagascar F/2
Nägeli

C-01 ND

1.01 ± 0.38

Merismopediaceae

Synechocystis

sp

Madagascar F/2

C-02 31

8.21 ± 3.30

Rhodophyta

Stylonemataceae

Chroodactylon

ornatum (C.
Agardh) Basson

Mayotte

mod-BG11 C-03 25.7

5.10 ± 1.72

Haptophyta

Pavlovaceae

Pavlova

sp.

Glorioso

F/2

P-69

10.6

15.98 ± 6.01

Cryptophyta

ND

ND

cryptophyta sp.1

Glorioso

F/2

P-67

ND

4.95 ± 1.58

ND

cryptophyta sp.2

Glorioso

F/2

P-70

13.40

32.32 ± 0.48

Gymnodiniaceae

Dinoflagellata

Prorocentraceae

Symbiodiniaceae
Leptolyngbyaceae

Cyanobacteria

Data expressed as mean ± SD (n = 3). Except for biomass (n = 1) ND: not determined
F/2: Gillard’s medium, mod-BG11: modified BlueGreen medium (Andersen, 2005) and Z8 : Z8 medium (Rippka, 1988)
ID: identification of PHYTOBANK collection

Total lipid content and lipid classes analysis
Lipid concentrations
The lipid composition of the selected microalgal strains is presented in Table 1 and table: 2. Total lipid content in the investigated species ranges from 1.01 to 42.62% mass fraction of dry biomass, with an average lipid content of 18.59% for dinoflagellates
and 5.82% for cyanobacteria. Among the various dinoflagellates analysed, Amphidinium strains have the highest total lipid contents
(ranging from 6.41 to 42.62% dry wt), followed by Prorocentrum members such as P. lima with 15.31 and 23.37% for P-08 and
P-37 strains respectively. The total lipid contents are in comparable range with previous reports for the different microalgal strains.
Many works have reported that lipid content from a variety of freshwater and marine microalgae is between 1 to 26%[1,39]. Among
the 27 strains considered, the A. carterae strain P-63 from Madagascar exhibits the highest total lipid content with a 42.62% dry wt
value. Mansour et al., using Amphidinium sp. from Australian waters, have mentioned that the total lipid content fluctuated between
8.7 and 9.7% dry wt.[40]. The tropical strains studied here seem to be able to accumulate more lipids. Among the 14 dinoflagellates
selected, 7 of them show lipid accumulation superior to 20% mass fraction at stationary phase and could be considered as high lipid
producing strains.

www.ommegaonline.org
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Table 2: Lipid classes of tropical microalgae and cyanobacteria strains.
Taxonomic
ID
group

%HC

%KET

P-38

*

P-41
P-42

%TAG

%FFA

%ALC

%ST

%AMPL

%PL

11,12 ± 6.99 8.3 ± 8.91

18.76 ± 16.5

0.66 ± 0.94

0.08 ± 0.11

38.11 ± 10.40

22.98 ± 9.07

*

7.59 ± 2.45

11.17 ± 2.68

12.96 ± 11.04 1.3 ± 1.67

1.74 ± 1.06

44.5 ± 9.56

20.16 ± 3.61

*

*

*

3.29 ± 0.96

*

*

53.77 ± 5.43

42.95 ± 5.63

P-43

0.29 ± 0.06

9.47 ± 3.71

2.85 ± 0.56

5.73 ± 9.19

1.58 ± 0.09

0.11 ± 0.06

64.82 ± 8.61

15.04 ± 2.94

P-44

*

2.84 ± 0.3

1.11 ± 0.53

17.79 ± 6.69

*

*

37.65 ± 3.04

40.61 ± 3.87

P-45

*

*

2.99 ± 0.01

1.09 ± 0.11

*

0.19 ± 0.08

83.72 ± 1.9

12.02 ± 1.71

Dinoflagel- P-59
lata
P-63

0.43 ± 0.00

*

3.24 ± 0.15

4.35 ± 0.73

0.06 ± 0.09

*

62.05 ± 1.12

29.86 ± 0.15

0.21 ± 0.2

3.8 ± 1.88

3.44 ± 2.48

1.28 ± 1.1

*

*

71.55 ± 4.32

19.73 ± 1.29

P-80

1.22 ± 0.57

5.48 ± 1.59

2.49 ± 0.88

5.73 ± 2.56

*

0.81 ± 0.43

58.44 ± 12.43

23.89 ± 12.71

P-08

0.35 ± 0.05

8.05 ± 3.47

14.74 ± 3.82

8.77 ± 7.06

1.89 ± 0.23

1.6 ± 1.77

53.32 ± 10.98

9.24 ± 4.06

P-37

*

6.02 ± 6.44

32.82 ± 17.51 8.63 ± 5.42

2.56 ± 2.49

1.18 ± 1.14

34.94 ± 14.05

13.85 ± 5.77

P-76

*

*

8.42 ± 3.67

47.63 ± 19.95 *

1.63 ± 1.18

31.89 ± 24.81

10.42 ± 1.03

P-78

*

1.69 ± 0.25

6.01 ± 0.46

*

1.66 ± 0.22

*

42.27 ± 5.75

48.38 ± 5.25

P-79

1.15 ± 0.46

7.89 ± 1.87

14.09 ± 6.05

7.59 ± 0.9

2.23 ± 0.24

1.23 ± 0.28

49.03 ± 10.15

13.14 ± 3.33

C-23

*

*

*

13.55 ± 8.91

*

*

80.30 ± 6.46

6.07 ± 2.45

C-24

1.68 ± 0.6

3.08 ± 0.97

*

17.67 ± 10.67 *

1.23 ± 0.72

59.61 ± 12.68

16.73 ± 7.52

C-12

*

*

1.19 ± 0

7.15 ± 0.73

*

0.43 ± 0.06

61.08 ± 3.94

30.14 ± 3.28

C-13

2.21 ± 2

*

*

*

*

*

71.32 ± 10.4

26.47 ± 9.17

*

1.19 ± 0.61

16.63 ± 7.95

*

1.59 ± 0.65

*

62.88 ± 8.44

17.7 ± 2.86

CyanobacC-16
teria
C-17

Others

1.66 ± 0.06

*

*

*

*

*

97.3 ± 0.08

1.04 ± 0.13

C-07

*

*

7.15 ± 6.09

*

*

2.33 ± 1.02

60.24 ± 19.51

30.28 ± 13.43

C-01

*

*

*

5.7 ± 4.47

*

*

53.39 ± 11.53

39.84 ± 12.5

C-02

3.53 ± 1.15

*

1.8 ± 0.99

*

*

0.62 ± 0.28

79.61 ± 5.37

13.69 ± 3.8

C-03

*

*

*

6.13 ± 3.55

*

1.28 ± 0.82

89.82 ± 4.26

2.77 ± 0.28

P-69

*

*

8.65 ± 5.65

4.58 ± 3

4.19 ± 1.85

3.91 ± 1.89

67.04 ± 8.01

10.84 ± 3.29

P-67

*

*

12.73 ± 2.93

15.45 ± 3.39

*

2.91 ± 0.86

64.86 ± 5.78

3.29 ± 2.39

P-70

0.31 ± 0.05

7.71 ± 2.32

4.56 ± 1.22

13.57 ± 2.65

0.65 ± 0.26

0.96 ± 0.07

66.22 ± 2.73

5.19 ± 1.49

Data expressed as mean ± SD (n = 3).
*: not detected

Nevertheless, as shown in Table 1, the biomass productivity remains weak in the culture conditions used in the study. For
the most productive strain, C-24, the biomass productivity reaches 77mg/L/d. This value is similar to those obtained by Talebi et
al.[41].
No linear correlation is observed between total lipid yield and biomass productivity (mg/L/d) (r2 = 0.20) for all species.
This result is in agreement with other studies[40,42]. It is admitted that biomass productivity depends on cell proliferation, while the
lipid production depends on the specific ability of microalgae strains to produce and store lipids.
It is important to underline that the capacity of production and storage of microalgae in lipids depends in an important way
on conditions of culture. So it is possible to optimize the conditions of culture to favour the production of lipids, thing which was
not made within the framework of this screening study.
Lipid class distribution
Microalgae produce and contain lipids and fatty acids with different functions as membrane components, storage products,
metabolites and sources of energy[43]. Lipids classes produced by microalgae depend on various factors such as species, growing and
harvesting conditions.
The distribution of lipids in various classes is analysed by IATROSCAN: polar lipids (PL, AMPL and HC) and neutral lipids (TAG, KET, ST, FFA and ALC) are quantified. Lipid class compositional data of the 27 strains of microalgae and cyanobacteria
used in this study are presented in Table 2. Polar lipids (PL+AMPL) are the major lipid class detected in all samples. To a lesser
extent, neutral lipids are also present; mainly free fatty acids (FFA) and triacylglycerols (TAG).
Among cyanobacteria samples, polar lipids vary from 76.34 to 98.34% of total lipids (average content of 88.83%). The
maximal value (98.34%) was obtained for the Spirulina sp. C-17 strain. For the 14 dinoflagellata strains considered, A. massartii
P-42 strain exhibits the highest AMPL+PL level (96.72%), displaying an average value of 74.88%.
Fabienne, F., et al.
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AMPL are found to be the major lipid class in all group members and vary from 53.39 to 97.3% of total lipids (average
content of 69.53%) for cyanobacteria and 31.89 to 83.72% for dinoflagellates. Similar findings are reported by Volkman[44] and
Dunstan[45].
The PL and FFA are the second and third most abundant lipid classes detected in isolates, displaying average values (% of
total lipids) of 20.25 and 23.02% for PL, 4.90 and 10.26% for FFA for cyanobacteria and dinoflagellates, respectively.
The highest proportion of AMPL is observed for Spirulina sp. (C-17), at 97.3%. On the other hand, the highest percentage
of PL is observed for Symbiodinium sp. (P-78) at 48.38%.
PL is negatively related to TAG. Indeed, their common intermediates are likely to be directed toward TAG if PL synthesis
is slowed down[11,46]. For FFA, the high content of 47.63% observed in Table 2 might be due to the degradation of lipids by lipases.
The variation of TAG content in the investigated species vary from 0 to 32.82% with highest values for dinoflagellates.
However, TAG value is significantly higher in Prorocentrum lima strain P-37 (Wilcoxon, P < 0.05) with an average value of 32.82%.
Neutral lipid TAG accumulation has not been observed in naturally occurring cyanobacteria[11] but in our study one strain of cyanobacteria has a high percentage of TAG (C-16 [16.63 %]).
Since the culture is performed in standard conditions, it is not optimal to obtain reserve lipids like TAG. Thus majority of
the lipids is in the membrane structure. The production of TAG is favoured from the biosynthetic pathways of microalgae put under
metal stress and nutrient limitation[47]. Then TAG are going to play a protective role[45].
Fatty acid composition
The FA compositions of the 27 tropical microalgae and cyanobacteria strains considered in this study are presented in Table
3. The considered common FAs in microalgae and cyanobacteria were detected, with quite variable proportions, due to the fact that
FAs compositions are not only species-specific, but also depend on culturing variables (growth phase, temperature, light intensity,
salinity, nitrogen depletion…).

P-70

P-67

P-69

C-03

C-02

C-01

C-07

C-17

C-16

Others

C-13

C-12

C-24

C-23

P-79

P-78

P-76

P-37

P-08

P-80

P-63

P-59

P-45

P-44

Cyanobacteria

P-43

P-42

P-41

Dinoflagellata

P-38

ID

Taxonomic
group

Table 3: Fatty acid composition of tropical microalgae and cyanobacteria strains (% mass fraction of total FAMEs).

0.02
*
19.51
0.46
25.86
0.38
1.85
0.11
*

*

*

62.65

48.18

1 .25

*

*

*
*
18.65
0.95
31.79
1.06
8.18
0.88
*

0.05
35.30
0.29

1.13

0.01
0.02
15.55
0.55
18.55
0.09
0.41
*
0.02

*
35.88
2.30

0.04

*
*
0.72
0.30
29.72
0.61
3.52
1.01
*

*
46.73
*

*

*
*
0.31
0.36
39.37
1.64
4.52
0.24
0.09

*
51.93
*

0.22

*
*
0.82
0.66
41.31
1.28
7.11
0.75
*

*
54.18
4.02

*

*
*
1.72
0.49
49.38
1.36
1.23
*
*

*
55.68
0.13

*

*
*
0.51
0.16
51.94
0.33
2.46
0.29
*

*
22.00
1.04

*

*
*
0.70
0.30
21.01
*
*
*
*

*
48.25
2.28

*

*
*
0.50
0.13
45.53
0.39
1.70
*
*

*
37.63
1.08

*

*
*
0.92
0.35
35.72
*
0.65
*
*

*
37.34
1.68

*

*
*
0.44
0.12
34.40
0.41
1.97
*
*

*
44.26
2.17

*

*
0.31
1.01
0.32
40.32
0.62
1.44
*
0.23

8.36
0.13
*
0.09
2.52
0.30
*
*
*
12.16
1.13

*

0.75
0.01

*
*
0.89
0.09
30.70
0.12
1.97
3.54
0.13
*
37.75
1.14

0.31

*
*
9.62
0.75
33.73
0.39
0.72
*
0.24
*
45.45
1.47

*

0.08
0.03
8.70
0.08
43.53
0.06
2.74
0.36
0.04
0.11
55.82
0.03

0.10

0.02
0.01
2.42
0.02
31.25
0.02
1.05
0.27
*
0.03
35.15
0.03

0.07

0.03
0.02
2.26
0.10
42.12
0.08
5.21
5.99
0.04
*
55.86
0.06

*

0.01
*
0.25
0.03
25.83
0.04
8.57
5.80
0.05
*
40.74
0.16

0.16

*
0.03
0.45
0.11
22.65
0.14
6.47
4.64
0.09
0.26
35.06
0.48

0.223

*
*
0.48
0.03
49.32
*
*
*
*
*
49.93
0.69

0.10

0.01
0.02
0.34
0.03
32.33
0.04
7.95
7.74
0.05
0.12
48.95

0.34

*
*
1.43
0.20
34.26
*
4.30
*
*
*
40.20

*

*
*
2.90
0.18
44.19
*
8.37
0.80
*
0.69
57.12

*

*
*
2.78
0.52
29.60
0.16
1.18
0.88
0.07
0.09
35.28

*

*
*
6.74
0.65
28.31
*
1.58
*
*
*
37.27

*

C24
σSFA

C22

C21

C20

C18

C17

C16

C15

C14

C13

C12

Saturated fatty acids
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0.43

0.02

1.48

0.10

0.54

C14:1

Mono unsaturated fatty acids
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15.22

0.21

24.45

3.27

5.31

4.84

43.57

48.82

17.58

26.01

13.79

0.34

9.92

8.32

9.87

8.98

8.79

2.43

9.25

17.49

0.61

2.46

0.39

0.54

0.54

4.96

20.13

1.90

1.49

53.43

2.78

19.2

1.10

9.94

1.28

7.79

5.20

25.88

0.61

42.57

5.48

48.55

0.72

67.39

0.95

39.90

0.69

57.65

13.10

54.28

0.63

86.36

13.04

58.71

0.65

89.65

1.00

45.58

0.15

321.1

6.93

45.20

0.69

65.22

16.41

40.82

0.46

88.6

0.42

34.24

3.06

11.19

56.19

13.64

0.98

13.86

4.78

20.65

2

10.32

11.76

σn3

σn6

σn3/σn6

43.51

26.83

51.24

52.36

13.82

15.18

11.59

34.37

0.54

29.01

10.68

26.15

23.35

60.96

56.21

11.21

26.49

49.27

40.59

54.91

59.36

45.72

45.89

41.28

37.30

14.63

22.66

2.24

1.40

7.65

*

0.31

*

*

0.38

*

*

0.84

*

0.45

32 .15

12.64

0.79

11.23

19.49

11.55

20.84

27.07

0.31

13.30

9.47

0.38

2.39

3.27

σPUFA C22:6n-3

*
*
*
0.11
*
*
3.60
*

*
*
*
*
*
*
*
*
*
*
*

17.49

24.71

20.93

6.34

1.73

31.63

17.87

0.26

0.63

1.27

0.13

0.21

0.39

0.91

0.44

0.58

0.21

20.40

5.55

10.46

21.82

18.12

22.89

20.10

45.27

*

0.09

5.02

*
*
*
*
*
*
0.33
*
*
0.32
2.47
2.41
*
0.37

0.05
0.27
0.32
0.42
0.46
0.16
0.36
*
0.37
0.10
1.08
0.04
0.54
0.18

0.08

*

4.06

3.53

*

11.09

C20:3n-3

C20:4n-6

C20:5n-3

*

*

0.13

*

0.25

*

*

*

0.18

*

*

*

0.27

*

*

*

*

*

*

*

*

*

*

0.05

0.76

0.08

0.29

C20:3n-6

11.28

12.77

0.35

22.47

3.79

3.92

1.41

23.36

*

14.43

3.04

12.66

5.54

0.09

0.58

*

0.29

1.00

0.07

*

0.70

*

*

0.13

*

0.12

*

C18:3n-3

5.78

1.68

6.78

0.77

0.15

0.76

0.60

0.25

*

0.40

0.41

*

0.36

23.73

19.80

*

3.90

6.24

10.06

10.55

10.85

*

10.96

6.43

7.37

2.05

2.77

C18:4n-3

0.73

0.54

1.09

0.56

*

*

*

*

*

*

*

*

*

4.73

1.67

0.26

0.17

*

0.47

0.37

0.19

*

0.48

0.18

1.04

0.20

0.90

C18:3n-6

16.58

8.17

1.16

7.16

8.63

9.50

8.32

9.56

*

13.32

5.06

12.73

15.88

*

1.11

1.02

0.43

0.72

0.22

0.26

0.46

0.15

0.21

0.24

1.26

0.61

0.82

C18:2n-6

8.31

10.52

13.46

11.76

39.44

32.89

34.23

9.94

77.45

22.74

51.69

36.51

32.39

26.88

6.04

43.34

17.68

15.58

3.55

4.34

5.58

4.35

5.16

18.53

5.58

50.10

40.07

*

*

*

*

*

*

*

*

*

*

*

*

*

0.03

*

*

*

*

*

*

*

0.05

*

*

*

*

*

σMUFA C24:1n-9

*

*

*

*

0.12

0.50

*

0.15

*

0.24

*

*

0.23

0.02

*

*

0.04

0.03

0.04

*

0.10

*

*

0.06

*

*

*

C20:1n-9

6.23

6.74

0.76

6.09

20.78

15.47

12.23

2.56

*

16.50

15.27

21.70

17.70

5.20

2.67

3.88

15.64

13.90

0.99

1.00

3.30

2.23

0.98

9.68

3.41

3.00

3.70

C18:1n-9

0.16

0.67

0.08

0.59

3.49

2.44

10.33

0.67

0.31

0.99

0.88

0.99

1.49

0.45

0.17

0.15

0.06

0.08

0.07

0.03

0.16

0.06

*

*

*

0.12

*

C17:1

1.57

1.70

12.28

2.79

14.96

13.35

7.65

6.30

75.85

2.73

34.47

12.14

10.81

20.05

2.06

37.85

1.92

1.54

2.3

3.15

1.54

1.28

3.68

8.75

0.69

46.87

35.84

C16:1

0.35

0.17

0.05

*

0.09

1.12

*

0.12

0.26

*

*

*

*

*

*

*

*

*

0.10

*

*

0.04

0.07

0.02

*

*

*

C15:1
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Poly unsaturated fatty acids

Others: Rhodophyta (C-03), Haptophyta (P-69) and Cryptophyta (P-67 and P-70), Data expressed as mean ± SD (n = 3). *: not detected
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The highest proportion of Saturated Fatty Acids (SFAs)
is observed at 62.7% for P-67 strain (Cryptophyta) and in the
case of MonoUnsaturated Fatty Acids (MUFAs) at 77.5% for
C-16 strain cyanobacteria Leptolyngbya. On the other hand, the
highest percentage of PolyUnsaturated Fatty Acids (PUFAs) is
observed in the dinoflagellate Symbiodinium P-79 strain at 61%.
In the case of all microalgae and cyanobacteria strains
tested, palmitic acid C16:0 is the most abundant SFA (51.9 to
18.6% interval), with the exception of the Symbiodinium P-79
strain. In the MUFAs group, the most produced by all strains
is palmitoleic acid 16:1 (between 0.7 to 75.9%), followed by
oleic acid 18:1(n-9) (between 0 to 21.7%) with higher values in
cyanobacteria. Among the PUFAs group, n-3 fatty acids are the
most produced, and eicosapentaenoic acid (EPA, 20:5(n-3)) and
docosahexaenoic acid (DHA, 22:6(n-3)) are found to be dominant among the dinoflagellates.
The group of 14 dinoflagellates strains shows a predominance of palmitic acid, palmitoleic acid, eicosapentaenoic
acid EPA 20:5 (n-3) and docosahexaenoic acid DHA 22:6 (n-3).
The major FAs detected in Amphidinium strains are
palmitic (22.7 - 49.3%), palmitoleic (0.7 - 46.9%), stearic (18;
0 - 8.6%), and eicosapentaenoic acid (5.0 - 45.3%) that collectively contribute to 50.8 – 95.9% of total FAs pool. The high
proportions of 16:0, 16:1(n-7), 18:0 and EPA are in agreement
with previous analysis for Amphidinium strains[40].
Nutritionally important FAs like EPA and DHA are detected only in strains belonging to Dinophyceae class. Among
them, stearidonic acid C18:4(n-3) is found with higher percentages in Symbiodinium strains, displaying a maximum value of
23.7% for the P-79 sample. Fatty acids profiles of Symbiodinium
strains are characterised by high amounts of palmitic and palmitoleic acids (up to 33.7% and 37.9% respectively), as well as
PUFAs of n-3 series, such as stearidonic, eicosapentaenoic and
docosahexaenoic acids (up to 23.7%, 20.4% and 32.2% respectively). Exception is P-79strain, which contains no 16:0. The
high proportions of C16 FAs and PUFAs (n-3) are in agreement
with previous analysis for Symbiodinium strains[48-50].
Palmitic, palmitoleic and oleic acids are found to be
the major FAs in all Cyanophycae members, ranging from 21.0
- 51.9%, 6.3 - 75.9% and 0 - 21.7% of total FAs respectively.
Concentration ranges for the major FAs in the both Leptolyngbya strains are: 16:0 (21.0 - 45.5%), 16:1 (n-7) (2.7 - 75.9%),
18:1 (n-9) (0.0 - 16;5%), 18:2 (n-6) (0.0 - 13.3%) and 18:3 (n-3)
(0.0 - 14.4%); these results are quite similar to those obtained by
Singh J. et al.[49].
The P-69 strain, the only Haptophyceae species studied, exhibits a relatively simple fatty acid profile with EPA, 16:0,
and 14:0, corresponding to 65.7% of the total FAs pool, followed
by 16:1(n-7) (12.3%) and DHA (7.7%).
Biodiesel properties
Microalgae are an interesting resource for the production of biodiesel. The production process includes various stages: culture, harvesting, drying, extraction of lipids and reactions
of transesterification with an alcohol (methanol or ethanol) in
the presence of catalyst to obtain the fatty acids methyl esters
of fatty acids (FAME) or fatty acids ethyl esters (FAEE) used as
biofuels. The viability of the industrial process bases not only on
the choice of the producing strains and the conditions of culture
to adopt (a compromise between the growth rate and the prowww.ommegaonline.org
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duction of lipids) but also on the quality of lipids produced by
these strains. So various criteria are used to give evidence of the
quality of produced lipids.
They are estimated from the molecular structure of the
FAME in particular the length of the carbon chain and the quantity and position of the unsaturations. Among these criteria, are
found the cetane number (CN), the saponification number (SN),
the iodine value (IV) and the cloud point (CP). They give an
evaluation of the capacity of the biodiesel to the auto-ignition
in the combustion chamber, its stability (against oxidation reactions) and its cold viscosity. The necessity of specialized apparatus not always available besides a high amount of oil to directly
measure the critical properties lead to the use of predictive models that allow a preliminary evaluation. These models depend on
the fatty acid ester composition of extracted oils. More precisely,
the Saponification Number is useful for a comparative study of
the fatty acid chain length in oils. The Iodine Value refers to the
tendency of biodiesel to react with oxygen at near ambient temperature and to undergo an oxidation. It is correlated to the number of double bonds. Its calculation gives rise to two important
observations: i) the IV of a mixture of fatty compounds depends
on the amount of the several unsaturated fatty components in
the mixture but not on the exact nature of the double bonds in
the structure of those fatty compounds (conjugated unsaturation)
and ii) the IV does not depend on the nature of the saturated
components but only on their total amount. Furthermore, the
higher the unsaturation of the biodiesel, the higher the tendency of unsaturated components to polymerize and form engine
deposits. The cetane number measures the readiness of the fuel
to auto-ignite when it is injected into the combustion chamber.
CN increases with the length of the unbranched chain of FAME
components. It is the most cited indicators of diesel fuel quality.
The range required is 40 - 50. The low temperature flow properties of biodiesel are characterised by cloud point (CP) and pour
point (PP). CP is the temperature at which a sample of the fuel
starts to appear cloudy, indicating that wax crystals have begun
to form that can clog fuel lines and filters. PP is the temperature
below which the fuel will not flow. High CP and PP values of
biodiesel can be explained by high contents of saturated fatty
acid alkyl esters because the unsaturated fatty alkyl esters have
lower melting points than saturated fatty acid alkyl esters. All
the data are described in the table 4.
The tropical strains Prorocentrum lima (P-37), Amphidinium massartii (P-41) and tropical cyanobacteria Leptolyngbya sp. RS01 (C-16) have the highest amount of lipids suitable to
biodiesel production.
Prorocentrum lima (P-37) in standard conditions, has
the highest TAG yield (32.82 ± 17.51%) (table 2) and a lipid
content of 23.37% (table 1). This species has favorable biodiesel
properties with high value of CN (46.79) and low values of IV
(121.23), indicating a potential microalgal source of biodiesel
production. Prorocentrum lima is a benthic dinoflagellate that
can produce diarrhetic shellfish poisoning (DSP) toxins. Many
studies concerning this microalga are only focused on the toxin
composition and concentration[52].
Amphidinium massartii (P-41 strain) has encouraging
properties to produce biodiesel with high average value of CN
(50.28 %) and low average values of IV (99.02%). And its TAG
content (11.17%) is significantly higher than others species, but
lipid content (11.91%) is not significantly high.
J Marine Biol Aquacult | volume 3: issue 2
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Table 4: Biodiesel properties based on FAME profiles of tropical microalgae and cyanobacteria strains.
Taxonomic
Group

Dinoflagellata

Cyanobacteria

Cryptophyta

Biodiesel index of tropical microalgae
ID

SV

P-08

187.94 ±0.20

P-37

196.59 ±1.75

P-38
P-41

IV

CN

DU

LCSF

CFPP

CP

APE

BAPE

211.83 ±1.26

27.68 ±0.25

113.97 ±0.80

4.08 ±0.03

-3.66 ±0.09

11.42 ±0.35

123.3 ±1.54

187.2 ±1.67

121.23 ±19.04

46.79 ±4.04

70.24 ±8.43

6.44 ±0.41

3.76 ±1.30

17.9 ±1.58

84.07 ±5.85

98.53 ±19.28

205.29 ±0.00

119.19 ±0.00

46.07 ±0.00

84.51 ±0.00

3.58 ±0.00

-5.22 ±0.00

9.74 ±0.00

121.43 ±0.00

70.21 ±0.00

207.86 ±1.14

99.02 ±1.77

50.28 ±0.26

79 ±0.67

4.69 ±0.75

-1.75 ±2.36

10.65 ±0.92

126.41 ±4.36

42.28 ±4.22

P-42

193 ±0.54

144.16 ±0.49

42.14 ±0.03

78.15 ±0.63

10.49 ±1.66

16.49 ±5.23

17.67 ±0.74

76.4 ±1.82

118.66 ±0.35

P-43

193.03 ±8.18

176.44 ±65.18

34.9 ±13.46

99.17 ±26.91

5.61 ±0.65

1.14 ±2.06

13.24 ±3.93

112.52 ±6.87

143.43 ±56.20

P-44

187.82 ±0.34

187.11 ±24.98

33.26 ±5.57

97.63 ±12.60

15.3 ±4.10

31.6 ±12.88

12.09 ±1.65

91.74 ±11.33

152.54 ±20.25

P-45

193.19 ±0.16

186.62 ±1.81

32.56 ±0.38

95.43 ±0.94

5.06 ±0.05

-0.59 ±0.15

20.85 ±0.26

99.76 ±1.07

182.08 ±1.74

P-59

182.67 ±0.19

243.26 ±1.68

21.45 ±0.35

123.54 ±0.68

10.93 ±0.00

17.87 ±0.01

6.86 ±0.10

118.32 ±0.41

216.59 ±1.91

P-63

184.66 ±0.01

223.76 ±3.87

25.51 ±0.87

113.72 ±1.54

12.98 ±1.02

24.3 ±3.22

8.54 ±0.17

107.6 ±0.76

195.96 ±2.94

P-76

210 ±1.00

79.66 ±4.50

54.37 ±0.89

65.7 ±2.70

3.7 ±0.08

-4.87 ±0.25

12.58 ±0.27

108.64 ±2.07

35.37 ±4.92

P-78

187.97 ±0.11

215.14 ±0.22

26.93 ±0.07

117.81 ±0.40

7.99 ±0.17

8.61 ±0.54

11.06 ±0.04

104.1 ±0.27

149.39 ±0.94

P-79

189.57 ±0.04

259.54 ±0.53

16.69 ±0.13

148.34 ±0.43

1.56 ±0.14

-11.6 ±0.45

-4.99 ±0.00

151.46 ±0.25

170.77 ±1.53

P-80

191.17 ±0.23

161.01 ±6.48

38.62 ±1.42

84 ±2.94

12.7 ±0.14

23.43 ±0.44

16.99 ±0.42

77.54 ±3.46

130.54 ±7.75

C-01

200.2 ±0.86

59.38 ±2.45

60.2 ±0.67

59.54 ±2.29

7.94 ±1.45

8.45 ±4.54

15.46 ±0.64

89.8 ±3.99

19.73 ±0.51

C-02

200.62 ±1.36

64.7 ±4.64

58.95 ±0.86

66.38 ±5.30

6.7 ±0.65

4.59 ±2.05

15.07 ±2.14

104.63 ±2.99

20.34 ±4.05

C-07

203.11 ±0.16

54.97 ±3.32

60.8 ±0.73

55.63 ±1.81

5.38 ±0.28

0.41 ±0.88

20.15 ±1.25

88.21 ±2.14

15.72 ±2.32

C-12

206.45 ±0.47

74.72 ±0.56

55.92 ±0.07

71.8 ±0.56

3.77 ±0.52

-4.62 ±1.62

13.39 ±0.65

122.32 ±2.07

19.63 ±2.43

C-13

199.53 ±0.11

83.3 ±2.49

54.91 ±0.54

78.21 ±4.04

5.42 ±0.20

0.55 ±0.64

18.83 ±0.39

99.92 ±5.00

44.23 ±0.97

C-16

216.93 ±0.49

78.76 ±4.91

53.74 ±1.16

78.19 ±4.88

2.04 ±0.48

-10 ±1.51

5.74 ±2.53

155.29 ±9.60

1.66 ±0.18

C-17

200.79 ±0.69

91.37 ±2.39

52.92 ±0.45

78.49 ±2.87

6.59 ±0.33

4.22 ±1.02

21.75 ±1.68

88.74 ±6.26

59.75 ±0.50

C-23

200.79 ±0.44

78.12 ±3.85

55.91 ±0.81

78.22 ±2.53

4.62 ±0.11

-1.95 ±0.33

15.72 ±0.23

109.43 ±1.94

33.21 ±3.44

C-24

200.15 ±0.03

90.28 ±1.38

53.26 ±0.31

87.91 ±0.51

4.37 ±0.09

-2.76 ±0.29

12.88 ±0.23

123.96 ±0.09

40.53 ±1.74

P-67

202.36 ±0.43

77.88 ±15.87

55.75 ±3.63

63.38 ±11.92

9.19 ±2.58

12.38 ±8.10

11.12 ±0.20

71.81 ±11.05

50.03 ±12.18

P-70

201.46 ±1.27

121.45 ±4.03

46.07 ±0.74

94.42 ±1.86

3.68 ±0.26

-4.92 ±0.80

8.75 ±0.66

97.05 ±1.48

78.36 ±0.79

Rhodophyta

C-03

194.43 ±1.68

147.53 ±48.14

41.18 ±10.59

103.8 ±30.91

6.29 ±2.57

3.29 ±8.08

11.51 ±4.79

114.46 ±30.83

116.02 ±43.46

Haptophyta

P-69

196.19 ±0.61

208.6 ±4.41

27.18 ±0.91

115.72 ±0.25

2.24 ±0.16

-9.44 ±0.49

4.88 ±0.89

122.22 ±0.85

175.14

Data expressed as mean ± SD (n = 3).

The cyanobacteria strains have good properties for
biodiesel production, but their TAG (Table 2) and lipid contents
(Table 1) are significantly lower. There is an exception, Leptolyngbya sp. RS01 C-16 has interesting characteristics with CN
(53.74%), IV (78.76%), TAG rate (16.63%) and lipid content
(5.08%). Moreover, this strain has only 0.54% of PUFA of total
fatty acids. These data are important because microalgae often
have a high rate of polyunsaturated fatty acids with 4 or more
double bonds[53], and this unsaturation rate can favour oxidation
of the lipid during storage.
Our statistic approach PCA (Figure 2) explains 89.34%
of the information on the initial variables by retaining two dimensions. In the first axis, 55.58% is positively related to BAPE,
IV and DU, and negatively related CN and SV. CN indicates
the time required for the ignition of the fuel when it is injected
into the combustion chamber[54]. The higher is CN the shorter
the ignition delay. IV quantifies the amount of unsaturation and
the tendency for the bio-diesel to react with the oxygen. To limit that reaction, IV has been limited to 115[55]. CN is inversely
related to IV as shown by the first axis. So a high value might
desirable for CN to obtain a low IV but this might also lead to
the solidification of biodiesel. So an upper value has been fixed
Fabienne, F., et al.
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to 65 in US biodiesel specification[56]. In the second axis, 33.76%
is positively related to CFPP and LCSF,and negatively related to
APE. That conclusion was also reached in[42,57].

Figure 2: Correlation circle plot showing a projection of the variables
obtained with PCA. The first and second axis of score-plot PCA explain
55,58% and 33,76% respectively of the observed variation.
J Marine Biol Aquacult | volume 3: issue 2
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This PCA indicates a clear differentiation between
three distinct clusters (Figure 3). The first cluster is formed by
cyanobacteria, cryptophyta and some dinoflagellata. Those have
a high CN (53.02 ± 4.20) and a low IV (89.66 ± 19.44) and
BAPE (45.26 ± 22.49). The second cluster is formed by Rhodophyta, Haptophyta and some dinoflagellata. Those have a low
LCSF (4.76 ± 1.60) and CFPP (-1.52 ± 5.04). The third is only
formed by dinoflagellata. Those have a high LCSF (12.98 ±
1.42) and CFPP (22.74 ± 4.45). Those clusters are defined by
those variables but this differentiation can be also related to their
taxonomic group (Figure 4). Furthermore, there is no correlation with their geographical origin (data not shown). This may
be explained by the geographical proximity of the origin of the
samples and by the identical conditions of culture used in the
study.
The microalgae from the cluster 1 (Figure 3) are the
most interesting resources of biodiesel due to their values of CN
and IV that respecting the requirements.

fatty acid moieties in complex lipid entities. The quality of administrated lipids seems to play a crucial role in the occurrence
(or not) of alterations and their severity[58]. An example is coronary heart disease that is in most instances due to the obstruction
of coronary vessels by atherosclerosis or thrombosis. Thus diet
is a key factor in the fight against these diseases.
Variables used to estimate the nutritional quality of microalgae are based on the 3 types of fatty acids (SFAs, MUFAs,
PUFAs) and can be calculated as the polyunsaturated/saturated
acids ratio, the omega 6 and 3 ratio (n6/n3), the unsaturation
index, the atherogenicity index and the thrombogenicity index.
As an example, the minimal recommended value PUFAs / SFAs
is 0.45[15].
The profiles of fatty acids presented in the table 3 show
27 acids of C12 to C24 chains and the nutritional index in table 5. In our study the tropical microalgae have ratio (PUFAs/
SFAs) between 0.02 and 5.01 corresponding to the cyanobacterium Leptolyngbya sp. RS01 (C-16) and the dinoflagelate Symbodinium sp. Y6-1 (P-79) respectively. Over 70% of the studied
microalgae meet the criterion of ratio PUFAs / SFAS. All dinoflagellates have ratios of greater than 0.45 except for P-41 and
P-76.
Table 5: Nutritional index of tropical microalgae.
Taxonomic
group

Figure 3: Cluster analysis of 27 microalgae species based on biodiesel
properties of microalgae. Unweight pair-group average with Euclidean
distance.

Dinoflagellata

Nutritional properties
Lipids play varied and critical roles in cellular metabolism, with functions dramatically modulated by the individual
www.ommegaonline.org

n-6/n-3

UI

AI

TI

P-08

0,01 ±0,00

7,68 ±0,19

0,02 ±0,00

0,00 ±0,00

P-37

0,02 ±0,00

2,77 ±0,61

0,12 ±0,03

0,02 ±0,01

P-38

0,10 ±0,00

3,71 ±0,00

0,10 ±0,00

0,02 ±0,00

P-41

0,07 ±0,00

3,16 ±0,09

0,15 ±0,01

0,03 ±0,00

P-42

0,09 ±0,00

3,13 ±0,05

0,04 ±0,00

0,01 ±0,00

P-43

0,01 ±0,01

5,70 ±3,23

0,04 ±0,03

0,01 ±0,01

P-44

0,02 ±0,01

4,97 ±1,33

0,02 ±0,00

0,01 ±0,00

P-45

0,00 ±0,00

4,63 ±0,09

0,02 ±0,00

0,01 ±0,00

P-59

0,01 ±0,00

8,84 ±0,11

0,01 ±0,00

0,00 ±0,00

P-63

0,01 ±0,01

6,99 ±0,23

0,01 ±0,00

0,00 ±0,00

P-72

0,13 ±0,01

5,32 ±0,17

0,06 ±0,00

0,01 ±0,00

P-73

0,04 ±0,00

3,38 ±0,17

0,04 ±0,00

0,01 ±0,00

P-76

0,13 ±0,00

1,97 ±0,17

0,42 ±0,06

0,06 ±0,01

P-78

0,05 ±0,01

7,10 ±0,05

0,01 ±0,00

0,00 ±0,00

P-79

0,09 ±0,00

26,49 ±0,43

0,01 ±0,00

0,00 ±0,00

P-80

0,02 ±0,00

3,63 ±0,24

0,03 ±0,00

0,01 ±0,00

C-01

1,86 ±0,03

1,23 ±0,09

0,18 ±0,00

0,16 ±0,01

C-02

1,93 ±0,71

1,54 ±0,17

0,18 ±0,09

0,16 ±0,06

C-07

2,62 ±0,69

1,11 ±0,09

0,34 ±0,04

0,31 ±0,09

C-12

1,07 ±0,13

2,13 ±0,03

0,24 ±0,01

0,16 ±0,01

C-13

0,87 ±0,10

1,93 ±0,15

0,06 ±0,01

0,03 ±0,00

C-16

1,68 ±0,43

3,66 ±1,01

0,27 ±0,08

0,44 ±0,02

C-17

0,41 ±0,00

1,90 ±0,16

0,04 ±0,00

0,02 ±0,00

C-23

2,29 ±0,37

1,98 ±0,15

0,07 ±0,01

0,06 ±0,01

C-24

0,99 ±0,02

2,70 ±0,04

0,05 ±0,00

0,03 ±0,00

Rhodophyta

C-03

0,24 ±0,09

4,71 ±3,05

0,02 ±0,02

0,01 ±0,01

Haptophyta

P-69

0,05 ±0,01

7,28 ±0,06

0,03 ±0,00

0,00 ±0,00

P-67

0,53 ±0,00

1,47 ±0,43

0,15 ±0,03

0,04 ±0,02

P-70

0,61 ±0,29

2,97 ±0,25

0,05 ±0,00

0,01 ±0,00

Cyanobacteria

Figure 4: Individual factor map obtained in all individuals (n = 27) by
principal component analysis. Individuals are projected and each color
corresponds to a specific taxonomic group.

ID

Cryptophyta

Data expressed as mean ± SD (n = 3).
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Another indicator usually used is the ratio between
omegas 3 and 6. This ratio should not exceed 5 and it is desirable that it remains lower than 4[15]. In our study, this ratio varies
from 0.01 to 2.62 % and thus is lower than 4. All the studied
micro-seaweeds have a ratio n6/n3 in agreement with the international recommendations.
The unsaturation index of institution (UI) is the average
number of double bonds by lipidic molecule. This one is important to know the stability of lipids towards the oxidation. The
unsaturation index of the lipidic fraction varies between 1.11 and
26.49 %.
Atherogenic index (AI) measures the capacity of the
food to reduce the content of lipids in the blood. Thrombogenic
index (TI) measures its capacity to reduce the platelet activity.
Lipids of the tropical microseaweeds have an index AI between
0.01 % and 0.34 % and an index TI between 0 and 0.44 %. The
obtained values are low, which confirms the advantage of microalgae as a source of lipids. Indeed, many values of AI and TI
have been published for macro-algae (Ulva lactuca AI = 1.1%
and TI = 0.8%)[15], pork (AI = 0.69%), chicken (AI = 0.50%)
[59]
and rabbit (AI = 0.82%)[60].

the different strains. The class 2 consists only of Symbiodinium
sp. Y6-1 (P-79). This strain is characterized by the lipid profile
the most concentrated in PUFAs. For this strain, the PUFAs /
SFAs ratio and index UI are the highest of all the microalgae.
The class 3 gathers the strains with a lipid profile that is rich in
PUFAs. The index UI is higher than the calculated average for
the different strains.

Figure 6: Individual factor map obtained in all individuals (n = 27) by
principal component analysis. Individuals are projected and each color
corresponds to a specific taxonomic group.

Figure 5: Correlation circle plot showing a projection of the variables
obtained with PCA. The first and second axis of score-plot PCA explain
58,39% and 27,45% respectively of the observed variation.

To guarantee a good interpretation of these 8 variables,
an analysis of main components is realized. The representation
in 2 dimensions preserves 85.84 % of the information contained
in the whole of variables (Figure 5). All these variables are correctly represented in the main plan. The first and the second axes
represent 58.39 and 27.45 % respectively. Variables MUFA, TI,
AI, n6/n3 are positively correlated to the axis 1 whereas PUFA,
UI, PUFA/SFA are negatively correlated. The variable SFA is
negatively correlated to the axis 2. On the card of identification
of the individuals (Figure 6), a light grouping according to the
kind is observed. The majority of cyanobacteria are positively
correlated according to the axis 1 on contrary to dinoflagellates.
The definition of the various classes from the dendrogram and the optimal level of cut calculated by the function
HCPC of package FactoMineR suggest a partition of the individuals (strains of micro-seaweeds) in 3 classes (Figure 7). The
class 1 includes microalgae characterized by a lipid profile that
is rich in MUFAs. Lipids of this group of micro-seaweeds have
AI, TI and a n6/n3 ratio higher than the calculated average for
Fabienne, F., et al.

Figure 7: Cluster analysis of 27 microalgae species based on nutritional
properties of microalgae. Unweight pair-group average with Euclidean
distance.

It should be noted that cyanobacteria are mainly present in the class 1 with the exception Spirulina sp. (C-17). The
strains belonging to the groups of cryptophyta, haptophyta and
most of the dinoflagellates are in the class 3. More specifically, a
relation between the nutraceutical profiles of the fatty acids and
the taxonomic group is observed. But no relation is observed
with the geographical origin of micro-seaweeds.
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The class 3 has the most interesting profile for nutraceutical applications:
* The high values found for the concentration in PUFAs are the
same order of magnitude as for the edible seaweeds.
* The index of unsaturation of this group varies from 1.47 to
8.84. The soya oil and the cod-liver oil one have respectively
values of 4.5 and 5.6.
* The low n6/n3 ratio shows that omegas 3 are in important concentration
* The ratio PUFAs / SFAs (> 4) is in compliance with the nutritional recommendations
In this group, Spirulina sp. (C-17) is present. This strain
could be a new candidate for the nutraceuticals market. Currently, three other strains of cyanobacteria are commercialized as
nutraceuticals for their high nutritional value: Arthrospira platensis, Arthrospira maxima and Aphanizomenon flos-aquae.

Conclusion
In the present study, 27 tropical microalgae and cyanobacteria strains were characterized in terms of their total lipid content, lipid class distribution and fatty acid composition.
Further, they were investigated for their potential of biodiesel
production, by estimating key fuel quality parameters.
The dinoflagellates Prorocentrum lima and Amphidinium massartii, and the cyanobacteria Leptolyngbya sp. from tropical waters examined in this study have good characteristics for
biodiesel production. These ones combined with a capability for
culture manipulations to optimize growth and a capacity to produce oil, enhances the prospects for future use of these strains.
This study is a first step to use tropical microalgae in order to
product biodiesel in tropical zone with endemic strains. It is necessary to study the induction of lipids biosynthesis with physical
and chemical stimulus in order to know the optimal parameters
to obtain the optimum productivity of biodiesel for a commercial use. Prorocentrum lima produces DSP toxins, consequently
its necessary to study its ecotoxicity before using it.
Finally, the lipid profiles for these tropical marine microorganisms, from South West Indian Ocean belonging mainly to Dinophyceae and Cyanophyceae, are reported for the first
time in the present study.
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