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In the present work we focused on three species of microalgaeisolated from Tunisian coast in which 
bivalves reproduced naturally: Tetraselmis sp. (Tetra), Picochlorum sp. (Pico) and Chaetoceros sp. 
(Chaeto). Class, family and genus were identified and their potential utilization in aquaculture 
examined. Growth and biochemical composition have been accordingly studied. Thus, the three 
isolated microalgae exhibited adequate growth as well as protein and lipid contents for potential 
hatchery uses. Relative protein content, ranged from 50 to 53%, 39 to 45% and 42 to 45% 
respectively for Chateoceros sp., Tetraselmis sp. and Picochlorum sp. in exponential and stationary 
phases. Lipids content reached 15 to 18%, 12% and 15 to 20% respectively for Chateoceros sp., 
Tetraselmis sp. and Picochlorum sp. Relative fatty acid composition of Chateoceros sp. was 
characterized by the presence of EPA (20:5n-3) with 10 to 19% and low amount of DHA (22:6n-3) 
with 1 to 2%. Low EPA content was also recorded in Tetraselmis sp (5%); whereas fatty acid profile 
of Picochlorum sp was dominated by linolenic and linoleic acids. Sterol analysis showed that 
Picochlorum sp was composed of94% of stigmasterol; whereas the major components was 
campeserol (71-73%) and 24-methylene (25-27%) in Tetraselmis sp. More sterol diversity was 
found in Chaetoceros sp. in its exponential growth phase with 24-methylene (51%), isofucosterol 
(15%) and cholesterol (15%). Molecular identification was carried out on Picochlorum sp; the 18S 
rRNA gene phylogeny revealed that such strain was a sequence for Picochlorum. 

 

  
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 
 
 
 

 
 

 
 
 

 
 

  
 

 

 

 

INTRODUCTION  
 

The large presence of microalgae in aquatic environment 
(bioavailability), their high growth and nutritional value make 
them an interesting topic for several current scientific research 
fields. Indeed, these features and especially their biochemical 
characteristics (lipids, proteins, pigments, enzymes and 
bioactive substances) have potential application in human and 
animal nutrition, energy production and treatment of 
anthropogenic waste (Muller-Feuga 1997; El Abed et al. 2008; 
Sialve and Steyer 2013; Sung-Suk et al. 2015).  
 

In aquaculture, microalgae play a fundamental role as primary 
production source. Feeding of farmed aquatic organisms is 
based on algal cultures as an indirect food source to fish larvae 
through zooplankton (such as enriched rotifers, Artemia, and 
copepods), or for direct consumption for mollusks and 
crustaceans (Lavens and Sorgeloos 1996; Minh Thi et al. 
2015). In shellfish hatchery, phytoplankton represents 
nowadays the only suitable feed for bivalve because 
substitution diet led to low mollusks’ development (Laing et al. 

1990; Robert and Trintignac 1997a; Langdon and Onal 1999), 
larval production remains strictly dependent of the nutritional 
quality and quantity of microalgae produced in hatchery. 
Research on feeding bivalves is ultimately focused on two 
areas: identification and selection of species of high nutritional 
value (Volkman et al. 1989; Ponis et al. 2006, Costard et al. 
2012) and improving of culture technology essentially by 
development of photobioreactors system (Carvalho et al. 2006, 
Loubiere et al. 2009).  
 

Many factors contribute to the efficiency of feed for farmed 
aquatic organism but for phytoplankton itsnutritional value is 
of crucial importance as a first step of food chain. Proximate 
composition and microalgae growth rely, on the one hand, on 
species and strains and, on the other hand, on culture conditions 
and growth phases (Costard et al. 2012). Qualitatively, 
microalgae are generally characterised by a high proportion of 
polyunsaturated fatty acids (PUFA) that are of major 
importance in aquatic organism development (Lavens and 
Sorgeloos 1996). For bivalves, relationship between 
biochemical composition, ratio of microalgae and nutritional 
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value was mainly studied (Epifanio 1979; Browenet al. 1997; 
Looret al. 2016). Lipid contents and especially of highly 
unsaturated fatty acids (HUFAs) were reported as crucial 
factors in survival and growth of farmed bivalves (Langdon 
and Waldock, 1981; Marty et al 1992; Rico Villa et al 2006, 
Da Costa et al 2015). However, criteria such as size, 
digestibility and ease of cultivation are also important to define 
the nutritional value of phytoplancton (Muller-Feuga et al. 
2003). 
 

In order to contribute to the Tunisian national effort for the 
development of bivalve cultures and to initiate creation of local 
strains collection, three microalgae species were isolated from 
Tunisia coast where edible molluscs are naturally present, as 
potential food for shellfish production. Two green microalgae: 
Tetraselmis sp (Tetra), Picochlorum sp (Pico) and one diatom 
Chaetoceros sp(Chaeto) were thus retained. These species were 
selected according to two prerequisite criteria: presence in 
bloom in natural bivalve reproduction areas and fitted size for 
larvae.  
 

To evaluate their nutritional value and suitability for 
aquaculture, the three microalgae were characterized at two 
different stages, in terms of cell density, dry weight, proteins, 
carbohydrates, lipids, fatty acid and sterol contents. The second 
step that will be exposed in a forthcoming paper will be its use 
as single microalgae or in combination as food for clams and 
oysters larvae on which its effects on growth, survival, 
competence and metamorphosis will be exposed.  
 

METHODS 
 

Enrichment cultures, isolation and purification of microalgal 
strains 
 

Seawater samples (n= 3) were collected from tunisian coasts 
(South Mediterranean, table 1). Sample of 500 ml from each 
location was filtered through 30 μm pore size membrane and 
transferred into a flask containing Conway medium 
(2ml/L).  Cultures were incubated with shaking at 25 C, 
provided by continuous illumination intensity (2000 lux) 
supplied by cool-white fluorescence tubes. Every 3 days, flasks 
were visually examined and the algal growth was confirmed 
microscopically. Enriched cultures were used for the isolation 
of microalgae in pure cultures. Microalgae concentration and 
quality were estimated using a “cellule of Malassez”. Serial 10-
fold dilutions from each enriched culture were prepared in 
sterilized sea water containing Conway medium (1ml /L). From 
the serial-dilution tube intended to contain about 1 cell ml 1, 
aliquots of 1ml served to inoculate new tubes in same 
conditions as described above. Otherwise, 2 ml was taken from 
the serial dilution tube, and spread in agar plates prepared with 
the growth medium “Conway”. When the algal cell colonies 
are visible, a sample of each colony was removed and 
suspended in sterile seawater containing Conway 
medium.  Microscopic analysis was regularly undertaken to 
verify the purity of the culture. 
 

Culture conditions and biomass measurements of microalgae 
 

Isolated microalgae (Table 1) were examined in triplicate 
cultures. They were previously grown under defined conditions 
in 2lbatch culture in sterilised seawater at 34PSU salinity, 
enriched with Conway medium, silicate being added to the 

diatom strain. Temperature and light intensity, were 
respectively 22.6°C ± 0.5 and 205μE m2 s-1, the whole cultures 
were aerated with CO2-air mixture (3% of the total injected) to 
support growth and stabilize the pH (7.1± 0.4). Cell 
concentration was daily recorded on a Beckman Multisizer III 
Coulter and growth rates (µ) calculated from biomass increase 
per unit of time during logarithmic phase (Pirt 1975) as μ=[ln 
(N1 N0) /(t1 t0)] , where N1= measurement at time 1 (t1), N0 
= measurement at time 0 (t0). Aliquots were harvested from 
each culture during exponential and stationary phase’s growth 
for dry weight, protein, lipid, fatty acid and sterol analysis. 
 

Biochemical analysis  
 

For dry weight 50 ml of microalgae culture were filtered 
through pre-combusted (450 °C; 24 h), pre-weighed, 47-mm 
filters. Samples were then rinsed with 30 ml of 0.5 M 
Ammonium Formate to remove residual salts. These filters 
were finally dried overnight (80 °C) then reweighted to 
determine dry weight (DW). For total lipid and protein 
determinations, 25 to 50 ml of culture, depending on algae 
concentration, were filtered through 47-mm filters (Whatman 
GF/C). Protein was analysed according to Bradford method 
(Bradford 1976). For lipid extraction , the sample was put in  6 
ml of Folch reagent (Folch et al. 1957) (Chloroform / Methanol 
2: 1) and extracted for 10 minutes in an ultrasonic tub and 
stored at -20 °C for later analysis. The separation of neutral and 
polar lipids was made on a micro column of silica (SI100). A 
sample aliquot was evaporated and taken three times 500 µmol 
of chloroform / methanol (98: 2) and filed in column. In each 
sample, 2.3 µg of C23: 0 as internal standard fatty acids and 
2.3μg cholestane as internal standard sterols were added. For 
fatty acids, the transesterification was carried by BF3 at 100 
°C, the methyl esters of fatty acids then dissolved in hexane 
(Marty 1976). To identify sterols in the neutral lipids, we made 
a basic transesterification by a methoxide Sodium (MeONa). In 
polar lipids, it is necessary to make an acid transmethylation in 
sulfuric acid at 50 ° C.  
 

Molecular identification 
 

Isolated microalgae strains were sent to Ifremer Laboratory of 
Environment Physiology and Biotechnology of Algae in liquid 
form and maintained in enriched seawater for molecular 
identification. They were used for molecular analysis 
performed on 10 ml sample. DNA extraction was carried out 
by the phenol chloroform method.  Microalgal 18S rRNA gene 
fragments were amplified by polymerase chain reaction using 
the (18 S dir: 5'- AACCTGGTTGATCCTGCCAGT -3, 18S 
rev: 5'- TCCTTCTGCAGGI rCACCTAC-3').   Polymerase 
chain reaction was performed in a total volume of 25 μL 
reaction mixture containing approximately 50 ng of genomic 
DNA (diluted 100×), 5 μL 10× Dream Taq buffer (MBI 
Fermentas, St. Leon-Rot, Germany), 500 μmol L 1 of each 
deoxynucleoside triphosphate, 0.2 μmol L 1 of each primer 
(EukA and EukB) and 2.5 U of Dream Taq DNA polymerase 
(Fermentas). Thermal cycling consisted of an initial 
denaturation of 3 min at 94 C, followed by 30 cycles of 45 s at 
94 C, 1min at 60 C, 3min at 72 C, and a final extension of 5 
min at 72 C. The 18S rDNA was cloned in the pGEMT Easy 
Vector System (Promega, Madison, USA). The sequencing of 
PCR fragments obtained was done by CATC society (GATC 



 International Journal of Recent Scientific Research Vol. 7, Issue, 10, pp. 13930-13938, October, 2016 
 

13932 | P a g e  

Biotech SARL- Mulhouse, France). To determine the first 
phylogenetic affiliation, each sequence was compared with 
sequences available in databases using the Basic Local 
Alignment Search Tool (BLAST) from the National Centre for 
Biotechnology Information (NCBI).   
 

Statistical analysis 
 

Correlation between the biochemical components of 
microalgae (total lipids, proteins, carbohydrates, total saturated, 
monounsaturated, polyunsaturated fatty acids and sterol ) and 
growth phase of culture were analyzed by one-way ANOVA 
and significant differences between treatments were determined 
by the Tukey test (Zar 1999) using Stat View 5.0 software. 
 

RESULTS  
 

Microalgae culture and biomass growth   
 

All cultures were performed under similar conditions (light, 
temperature, aeration). The evolution of the three microalgae 
cell concentrations during 10 days of culture is reported in 
Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For Chaetoceros sp, the exponential phase lasted 4 days (from 
days 3 to 7), while for Tetraselmis sp and Picochlorum spit 
occurred from days 4 to 8. Maximum concentrations occurred 
on day 9 with 158.15 for Picochlorum sp, 119.98 for 
Chaetoceros sp and 4.67 for Tetraselmis sp 106 cells ml-1 
(Table 2). The cellular concentrations of the threemicroalgae 
showed marked variations between species. Specific growth 
rates µ, estimated from days 2 to 9, were equal to 0.20 for 
Tetraselmis sp, 0.67 for Chaetoceros sp and 0.72 for 
Picochlorum sp. With 6.39 to 6.58 µg 10-6 C, Chaetoceros 
spdry weight remained constant between both phases of 
cultures (Table 2). In contrast, values fluctuated from 8.41 to 
3.75 µg 10-6 C for Picochlorum sp respectively in exponential 
and stationary phases whereas opposite trends occurred with 
Tetraselmis sp with values ranging from 196.56 to 214.97 µg 
10-6 C in both phases (Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Evolution of size  
 

Both green species showed gradual increase in equivalent cell 
size from exponential to stationary phases with however an 
homogeneous cells distribution, with dominance of 2-3 µm cell 
size for Picochlorum sp (Fig. 2a) and 8-10 µm for Tetraselmis 
sp (Fig. 2b). In contrast, for Chaetoceros sp cell size remained 
constant over time with the most observed frequency of 2.5-3 
µm (Fig. 2c).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

Figure 1  Mean growth of Picochlorum sp. (Pico), Chaetoceros sp. 
(Chaeto) and Tetraselmis sp. (Tetra) cultured in 2L batch culture; mean 

±SD (n=3). 
 

Table1 Class, genus, and origin of isolated microalgae 
 

Class Genus Species Origin 

Chlorophyceae Picochlorum N.I. 
Khnis  lagoon(Monastir, Tunisia : 

35°44'40.3"N 10°49'29.8"E) 

Diatom Chaetoceros N.I. 
OuedMaltine (Golfe de Gabes, Tunisia  

34°24'30"N 10°21'15"E) 

Prasinophyceae Tetraselmis N.I. 
Khnislagoon (Monastir, Tunisia : 

35°44'40.3"N 10°49'29.8"E) 

 

Table 2 Mean size and weight characteristics of the three 
isolated microalgae, cultured in 2L batch culture; mean 

±SD (n=3). 
 

Algal species Chaetoceros sp. Tetraselmis sp. Picochlorum sp. 
Size (µm) 2.83±0,01 8.74±0.02 2.48±0,03 

Cell volume ((µm3) 12.80±0,14 369.0±4.24 9.39±0,43 
Growth rate ( divisions day-

1*) 
0.67 ± 0.05 0.20± 0.01 0.72 ± 0.04 

Maximum cells 
concentration (Cell 106ml-1) 

119.98 ±1.87 4.67 ±0.38 158.15 ±0.21 

Dry weight (µg C*10-6) 
Exp 6.39±0.66 196.56±14.09 8.41±0.29 
Sta 6,58±0,54 214.97±22.67 3.75±0,29 

Cell mass (mg DW ml-1**) 
Exp 0.82 ± 0.03 0.8 ± 0.07 0.63 ± 0.02 
Sta 1.05 ± 0.02 1.14 ± 0.02 0.97 0.01 

 

* From days 2 and 9. 
** After 5 days in exponential phase (Exp) and 8 days in stationary phase (Sta). 
 

 

 
 

 
 
 

 

 
 

Figure 2 Evolution of cell size (equivalent cell size diameter) with time for 
Picochlorum sp. (Pico) “A”, Tetraselmis sp. (Tetra) “B”,  and Chaetoceros sp.(Chaeto) 

“C”,  in 2 L batch culture  on day 4 (blue) ; day 6 (red) and day 10 (green). 
 

A 

B 

C 
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Proximate composition  
 

Protein, carbohydrate and lipid were determined as relative 
contents in both growth phases. Protein levels remained 
constant between the two culture phases, with values ranging 
from ≈ 50 to 54, ≈ 39 to 45 and ≈ 42 to 46% of dry weight 
respectively for Chaetoceros sp, Tetraselmis sp and 
Picochlorum sp (Table 3). Similar trends were observed in lipid 
contents for Tetraselmis sp with values ranging from ≈ 11 to 
12% of dry weight and Chaetoceros sp (15 to 18% of dry 
weight) except for Picochlorum sp exhibiting significant 
decrease in stationary phase (≈ 15 vs 20% of dry weight in 
exponential phase). For carbohydrate, values increased 
significantly from exponential to stationary phases for all 
strains, from ≈ 1 to 8% of dry weight for Chaetoceros sp,≈ 2 to 
5% of dry weight for Tetraselmis spand ≈ 2 to 8% of dry 
weight for Picochlorum sp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fatty acids  
 

Polyunsaturated fatty acid (PUFA) contents represent the major 
fraction of total fatty acid in exponential phase. However, a 
significant decrease of PUFA was observed with an increase of 
SFA (Saturated fatty acid) in stationary phase for the three 
isolated microalgae. MUFA content tended to increase 
significantly in stationary phase in Tetraselmis sp with no 
statically variation in Chaetoceros sp and Picochlorum sp 
(Table 4).  
 

Data analysis, showed that the most important fraction of fatty 
acids in Chaetoceros sp were C14:0 (range 17-19% of totally 
fatty acid between growth phase), C16:0 (11-22%), C16:1n7 
(23-27%), and EPA (10-19%). In Tetraselmis sp, the major 
fatty acids were C16:0 (22-26%), C18:1n9 (9-23%), C16:4n3 
(8-15%), C18:3n3 (8-14%), C18:2n-6 (6-7%) C18:4n3 (4-9%), 
and EPA C20:5n3 (4-5%). High percentage of PUFA 
dominated by C16-C18 fraction was found in Picochlorum Sp 
(54-66 %). This microalga consists mainly of C16:0 (22-26%), 
C16:3n-3 (8-13%), C18:2n6 (15-24%), C18:3n3 (18-30%) and 
a marked deficiency of C20-C22 range PUFAs (Table 4). 
 

Sterols 
 

Sterol composition of Picochlorum sp consists mainly of 
stigmasterol (94% of total sterol in both growth phases: Table 
5). For Tetraselmis sp, the major sterol was campesterol (range 
71-73% between growth phases) and 24-methylene (25-27%). 
No significant changes in major sterols occurred between 
culture growth phases in green microalgae (Table 5); whereas 

the diatoms Chaetoceros sp exhibited more variations with 24-
methylene (11 to 51%), isofucosterol (15 to 24%), cholesterol 
(14 to 20%), bistosterol (1 to 10%), fucosterol (8 to 18%). 
These sterols showed significant changes between phases with 
a decrease in 24-methylene from exponential to stationary 
phases and values increases for the others sterols (Table 5). 
 

Molecular identification  
 

Sequencing of Picochlorum sp 18S rRNA gene was performed 
(Fig. 3) because there are few studies on biochemical 
characteristics of this species and accordingly other approach 
was necessary.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

The length of 18S rRNA gene sequence of Picochlorum sp was 
2,064 bp.When compared to NCBI BLAST (Zheng et al.2000; 
Aleksander et al. 2008) the sequences exhibiting ≥ 95% of 
similarity were retained. The 18S rRNA gene phylogeny 
constructed by Neighbor joining (max sequence difference 0.3) 
indicated that this strain was Picochlorum (Fig. 4).  
 

DISCUSSION  
 

Microalgae play a key role in aquaculture hatchery; they are an 
important direct or indirect feed source for early developmental 
stages of many farmed finfish, shellfish and invertebrate 
species (Shields and Lupatsch 2012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Mean relative biochemical composition of three 
isolated microalgae, cultured in 2 L batch culture in 

exponential (Exp) and stationary (Sta) phases; mean ±SD 
(n=3). The different letter (a/b) indicate a statistical 

difference between phase for each microalgae. 
 

  
Exp Sta 

 
Chaetoceros sp. 15.21±0.11(a) 18.52±0.64(a) 

Lipids Tetraselmis sp. 12.19±0.81(a) 11.72±0.22(a) 
(%) Picochlorum sp. 20.13±0.21(a) 15.34±0.51(b) 

 
Chaetoceros sp. 1.14±0.05(a) 7.69±0.01(b) 

Carbohydrates Tetraselmis sp. 2.09±0.03(a) 4.81±0.03(b) 
(%) Picochlorum sp. 1.83±0.01(a) 8.11±0.06(b) 

 
Chaetoceros sp. 53.58±2.08(a) 49.95±2.46(a) 

Proteins Tetraselmis sp. 44.77±0.73(a) 39.42±0.51(a) 
(%) Picochlorum sp. 45.87±2.49(a) 41.80±0.60(a) 

 

 

 
 

Figure 3Sequence of of 18S rRNA gene for Picochlorum sp. strain. 
 

 
Figure 4 Phylogenetic tree of 18S rRNA of Picochlorum sp. (Icl 

Query_102991) 
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The choice of microalgae in aquaculture hatchery is based on 
practical considerations of strain availability, ease of culture, 
growth rate and nutritional composition (Shields and Lupatsch 
2012). In our study, the cellular concentrations of the 
threemicroalgaeexhibitednoticeable variations between species. 
The highest densities were associated with twolocal 
strainsPicochlorum sp and Chaetoceros sp, these variations 
being probably related to their small sizes as pointed out by 
Phatarpekar et al. (2000). The growth rate µ (division per day) 
ranged from 0.2 and 0.72 and could be considered as satisfying. 
Thus, Renaud et al. (1999) and Martínez-Fernández et al. 
(2006) indicated that these rates varied from 0.4 to 0.7 for 
Diatoms and from 0.2-0.5 for Prasinophyceae.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dry weights, corresponding to the exponential and stationary 
growth phases, were measured for each strain, to determine 
their relative biochemical content. With regard to dry weight, 
microalgae yield seemed to be appropriate with respect to 
commonly used strains in aquaculture with range from 8 to 292 
pg cell-1 in literature (Lavens and Sorgeloos 1996; Ponis et al. 
2006). 
 

Determination of cell size is important for identify suitable 
species for larval nutrition in shellfish hatchery. Thus, 
difficulties in some French oyster hatcheries due to the use of 
inappropriate size microalgae for larval rearing in early stages 
have been reported (Robert and Trintignac 1997 b). In the 
present study, the three microalgae cell size ranged from 2.5 to 
13 µm and is accordingly in agreement with the data reported 

Table 4 Mean relative fatty acids composition of three isolated microalgae, cultured in 2 L batch culture in exponential (Exp) 
and stationary (Sta) phases; mean ±SD (n=3). The different letter (a/b) indicates a statistical difference. 

 

 
Chaetoceros sp. Picochlorum sp. Tetraselmis sp. 

 
Exp Sta Exp Sta Exp Sta 

14:0" 17.03 ±0.28 19.90 ±0.20 1.37 ±0.14 0.61 ±0.14 1.34 ±0.06 0.76 ±0.13 
16:0" 11.47 ±0.45 22.07 ±1.08 24.61 ±1.24 30.44 ±0.53 22.22 ±0.74 26.37 ±1.30 
18:0" 0.43 ±0.02 0.42 ±0.04 1.10 ±0.20 1.17 ±0.15 0.37 ±0.01 0.59 ±0.10 
20:0" 0.05 ±0.01 0.08 ±0.01 0.04 ±0.01 0.04 ±0.01 0.01 ±0.01 0.04 ±0.02 
22:0" 0.10 ±0.02 0.09 ±0.01 0.01 ±0.01 0.02 ±0.01  

 
 

 
24:0" 0.08 ±0.01 0.13 ±0.03 0.09 ±0.02 0.05 ±0.07 0.04 ±0.01 0.05 ±0.001 

∑ SFA 29.15 ±0.80 (a) 42.69 ±1.38(b) 27.22 ±1.44(a) 32.31 ±0.91(c) 23.97 ±0.84(a) 27.81 ±1.56(e) 
16:1(n-9)" 0.32 ±0.14 0.19 ±0.14 1.10 ±0.27 0.91 ±0.12 1.39 ±0.10 4.06 ±0.24 
16:1(n-7)" 23.82 ±0.42 27.89 ±0.83 0.36 ±0.08 0.23 ±0.01 0.34 ±0.03 0.36 ±0.03 

16:1(n-13)"  
 

1.05 ±0.12 0.00 ±0.01 0.00 ±0.01 0.98 ±0.001 0.32 ±0.10 
18:1(n-9)" 0.77 ±0.01 0.84 ±0.09 3.36 ±0.10 7.37 ±0.65 9.40 ±1.07 23.28 ±0.81 
18:1(n-7)" 2.09 ±0.01 0.89 ±0.39 0.73 ±0.74 0.11 ±0.15 1.42 ±1.72 2.93 ±0.13 
20:1(n-9)" 0.06 ±0.01 0.02 ±0.001 0.12 ±0.02 0.15 ±0.01 0.88 ±0.17 1.78 ±0.10 
∑ MUFA 27.06 ±0.58(c) 30.88 ±1.58(c) 5.66 ±1.23(b) 8.76 ±0.94(b) 14.40 ±3.11(a) 32.72 ±1.42(e) 
16:2(n-7)" 3.90 ±0.24 0.98 ±0.27 4.25 ±0.01 3.17 ±1.07 

    
16:2(n-6)" 0.02 ±0.02 0.03 ±0.01 1.94 ±0.01 0.00 ±0.01 0.17 ±0.19 0.26 ±0.14 
16:2(n-4)" 3.85 ±0.05 2.36 ±0.05 0.02 ±0.20 0.01 ±0.01  

 
 

 
16:3(n-6)"  

 
 

     
1.78 ±0.02 

  
16:3(n-4)" 7.39 ±0.05 3.70 ±0.06 0.00 ±0.01 0.00 ±0.01 0.01 ±0.01 

  
16:3(n-3)"  

 
 

 
13.23 ±0.15 8.34 ±0.16  

 
 

 
16:4(n-3)" 0.27 ±0.04 0.06 ±0.07 0.52 ±0.43 0.00 ±0.01 15.08 ±0.51 8.34 ±0.62 
16:4(n-1)" 1.17 ±0.01 0.78 ±0.01 0.08 ±0.01 0.06 ±0.01 0.03 ±0.01 

  
18:2(n-6)" 0.50 ±0.06 1.29 ±0.15 15.60 ±0.93 24.32 ±0.27 7.52 ±0.11 6.81 ±0.19 
18:2(n-4)" 0.02 ±0.01 0.01 ±0.01 0.00 ±0.01 0.00 ±0.01 0.02 ±0.001  

 
18:3(n-6)" 0.33 ±0.01 0.41 ±0.02 0.00 ±0.01 0.00 ±0.01 0.36 ±0.01 0.49 ±0.03 
18:3(n-3)" 0.10 ±0.02 0.23 ±0.02 30.05 ±0.29 18.33 ±1.14 14.75 ±0.07 8.51 ±0.66 
18:4(n-3)" 1.92 ±0.04 0.53 ±0.01 0.14 ±0.20 0.00 ±0.01 9.83 ±0.04 4.31 ±0.08 
18:5(n-3)" 0.02 ±0.01 0.01 ±0.01 0.05 ±0.06 0.00 ±0.01 2.88 ±0.08 0.78 ±0.04 
20:4(n-6)" 0.25 ±0.01 0.95 ±0.08 0.00 ±0.01 0.01 ±0.01 0.47 ±0.04 0.52 ±0.04 
20:4(n-3)"  

 
 

 
 

 
 

 
0.70 ±0.08 0.37 ±0.001 

20:5(n-3)" 19.06 ±0.27 10.71 ±0.42 0.11 ±0.14 0.00 ±0.01 5.33 ±0.11 4.81 ±0.52 
22:5(n-6)" 0.05 ±0.01 0.18 ±0.01 0.02 ±0.20 0.00 ±0.01 0.01 ±0.01 0.04 ±0.01 
22:5(n-3)" 0.08 ±0.01 0.06 ±0.01 0.00 ±0.01 0.00 ±0.01 0.05 ±0.01 0.01 ±0.01 
22:6(n-3)" 1.64 ±0.07 1.41 ±0.16 0.09 ±0.01 0.07 ±0.01 0.05 ±0.01 0.01 ±0.01 
∑ PUFA 40.58 ±0.95(a) 23.69 ±1.39(b) 66.06 ±2.30(c) 54.30 ±2.70 (a) 59.01 ±1.68(d) 35.26 ±2.39(a) 

 
Table 5 Sterol composition of three isolated microalgae, cultured in 2 L batch culture in exponential (Exp) and stationary (Sta) 

phases; mean ±SD (n=3);The different letter (a/b) indicate a statistical difference between phase for each microalgae. 

 

 
Picochlorum sp. Tetraselmis sp. Chaetoceros sp. 

 
Exp Sta Exp Sta Exp Sta 

Cholesterol 2.12 ±0.39(a) 1.10 ±0.11(a) 1.82 ±0.31(a) 1.54 ±0.29(a) 14.92 ±0.39(b) 20.50 ±0.14(f) 
Desmosterol 

        
2.37 ±0.04 

  
Campesterol 

    
71.05 ±4.00(d) 73.18 ±0.57(d) 6.20 ±0.16(e) 13.40 ±0.20(e) 

24-Methylene 
    

27.13 ±3.68(c) 25.28 ±0.86(c) 51.15 ±0.22(a) 11.36 ±1.25(b) 
Stigmasterol 93.98 ±0.55(a) 94.55 ±0.17(a) 

      
2.39 ±0.09 

Bisto 
        

1.63 ±0.2(a) 10.11 ±1.42(b) 
Fucosterol 

        
8.59 ±0.1(a) 18.10 ±0.51(b) 

Isofucosterol 
        

15.15 ±0.04(a) 24.14 ±0.66(b) 
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in the literature for filter feeders (1 to 15 µm : Riisgard et al. 
1980; Baldwin and Newell 1991; Fritz et al. 1984; 
Priyadarshani et al. 2012).  
 

The relative biochemical composition of the three microalgae 
varied between 41 to 53% for proteins, 12-20% for lipids and 
1-2% for carbohydrates. Generally, microalgae used in 
aquaculture, contain over 25% proteins, 10 to 30% lipids and 5 
to 30% carbohydrates (Lavens and Sorgeloos 1996; Renaud et 
al. 1999; Volkman and Brown 2006). However, for 
biochemical composition, literature comparison makes sense 
only in identical culture condition. The changes in 
carbohydrate contents might be explained by a limitation of 
nitrate during the stationary culture phase, which leads to an 
increase of sugars to the detriment of proteins (Harison et al. 
1990; Brown et al. 1993). 
 

The nature and profile of fatty acids in microalgae have been 
intensively described in the literature under many conditions 
(Renaud et al. 1999; Pernet et al. 2003; Lang et al. 2011). The 
correlation between microalgae PUFA composition and 
nutritional values has been established (Robert et al. 2001; 
Ponis et al. 2008; Sung-Suk et al. 2015). Gudes and Malcata 
(2012) indicated that the fatty acid contents of microalgae 
exhibit systematic differences according to taxonomic group. In 
this work, result showed that the most important fraction of 
fatty acids in Chaetoceros sp were C14:0, C16:0 and C16:1n7. 
This microalga also included a moderate amount of DHA. This 
composition is typically characteristic of diatoms. Indeed, 
Volkman et al. (1989), indicate that in most diatoms these four 
components represent up to 60% of total fatty acids with low 
proportions of C18 and C22. For Tetraselmis sp, the major fatty 
acids were essentially C16:0, C18:1n9, C16:4n3 and EPA 
C20:5n3 (4-5%). These results are closed to those previously 
reported (Zhukova and Aizdaicher 1995; Pratoomyot et al. 
2005). These authors agree that Prasinophyceae contain C16:0, 
C18:1n9 and C18:3n3 as main fatty acids. Moreover, they 
exhibit moderate amount of EPA, C20:5n3. High percentage of 
PUFA dominated by C16-C18 fraction was found in 
Picochlorum sp. This microalga consists mainly of C16:0, 
C16:3n-3, C18:2n6, C18:3n3 and a marked deficiency of C20-
C22 range PUFAs. The nutritional value of this microalgae is 
thus arguable: with a lack of EPA and DHA, known as crucial 
in aquaculture feed (Thompson et al. 1996; Glencross 2009; Da 
Costa et al. 2015) and high proportion of two essential fatty 
acids, C18:3n3 and Cl8:2n6, it would be very informative to 
test their larval feeding effect in monospecific and mixture 
algal diets. The composition of fatty acids in Picochlorum sp 
are similar as that described for most green microalgae; 
dominated by C16 and C18 PUFA (Pratoomyot et al. 2005; 
Widianingsih et al. 2013; Sung-Suk et al. 2015). However 
C18:3n-3 was more abundant in Picochlorum sp comparatively 
to other green algal species reported in the literature.  
 

Many authors highlighted the importance of sterol composition 
of microalgae for nutrition of bivalve (Teshima et al. 1974; 
Wikforsand Ohno1996; Soudant et al. 1996). Sterol 
composition of Picochlorum sp mainly consists in stigmasterol 
whereas for Tetraselmis sp, the major sterols were campesterol 
and 24-methylene. In contrast, Chaetoceros sp showed a more 
diversify profile with 24-methylene, isofucosterol, cholesterol, 
bistosterol and fucosterol. Generally microalgae have wide 

variety of sterol structures and synthetic pathways (Villanueva 
et al. 2014). Sterol profiles can be characteristic of a particular 
class, family, genus, or even species of microalgae, and so are 
often used for chemotaxonomic and phylogenetic comparisons 
(Volkman 1986; Ponomarenko et al. 2004). However, changes 
in sterol composition may also result from fluctuations in 
environmental and growing conditions (Rampen et al. 2009). In 
the present study, qualitative sterol profile of Chaetoceros sp is 
consistent with that reported by Rampen et al. (2010) in batch 
cultures growing conditions. Similarly Tetraselmis spsterol 
composition is in accordance with the data of Fabregas et al. 
(1997). Few studies have been devoted to Picochlorum species. 
However, its high stigmasterol content has to be pointed out 
because such characteristic raises question. Indeed, in the one 
hand, such content was not found in any of the 14 microalgae 
commonly used in aquaculture (Robert et al. 2004) and in the 
other hand, this compound is considered as a molecule of 
therapeutic interest (Gabayet al. 2010; Ghosh et al. 2011) and 
its potential role in aquaculture should be accordingly support 
by further research. 
 

CONCLUSION 
 

In this study we evaluated the nutritional value of three isolated 
microalgae in Tunisia for its possible use in aquaculture. 
Selection was performed according to tow criteria: 
bioavailability of these species on the natural reproductive sites 
of bivalves and their suitable size for larval rearing. 
Biochemical composition allowed us to correlate two species 
profiles among the three isolated microalgae: a diatom 
Chaetoceros sp and Prasinophyceae Tetraselmis sp. 
Biochemical composition and both microalgae growth revealed 
their potential use in bivalve hatchery. The relatively small size 
of Chaetoceros sp is a great potential interest, particularly for 
the rearing of early larval stages for which the size of preys is 
highly limiting. For the third microalgae molecular 
identification was required for its classification in Picochlorum 
sp. This microalga exhibited contrasting information on an 
aquaculture point of view: relatively small (+), C20 deficiency 
(-) and high content of stigmasterol. It would be interesting to 
investigate its nutritious value in aquaculture and its potential 
for human health. 
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