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Abstract
Identification of cost-effective methods of cell lysis and lipid extraction from microalgae represent a critical step in the determination of
promising biodiesel-producing species. Several cell disruption methods were tested in the microalgae Amphora subtropica, Tetraselmis marina,
Picochlorum sp. and Dunaliella sp. Among the methods tested, enhanced lipid extraction was achieved through microwave for Amphora biomass
and osmotic shock for Tetraselmis, Picochlorum, and Dunaliella biomass. The Cequier-Sanchez method rendered the highest TL content in Amphora
subtropica and Picochlorum sp. while Bligh and dyer method gave the highest TL content in Tetraselmis marina and Dunaliella sp. The treatment of
microalgae with 5 days of UV-B stress led to a carotenoid and lipid content increase of 44, 159, 116 and 150%, respectively, and of 56, 84, 111 and
80%, respectively, but with a reduction of the total chlorophyll content (30, 43, 24 and 34%, respectively). Furthermore, a significant increase in
malondialdehyde level and superoxide dismutase, catalase and glutathione peroxidase activities toward the control was recorded in response to UV
stress. Overall results indicate that treatment of Amphora, Tetraselmis, Picochlorum and Dunaliella with UV-B radiation can further increase the total
lipid production, due to its high percentage of SFA and MUFA can be potentially utilized for biodiesel production.
Abbreviations: AOS: Active Oxygen Species; BD: Bligh and Dyer Method; Car: Carotenoids; CAT: Catalase; Chl: Chlorophyll; DT: Direct TransEsterification; FA: Fatty Acid; FAME: Fatty Acid Methyl Ester; GPx: Glutathione Peroxidase; MDA: Malondialdehyde; MUFA: Monounsaturated Fatty
Acids; NBT: Nitro Blue Tetrazolium; PUFA: Polyunsaturated Fatty Acids; SFA: Saturated Fatty Acids; SOD: Superoxide-Dismutase; TL: Total Lipid; UV:
Ultraviolet Radiation

Introduction
Biodiesel is a renewable and clean energy source to reduce
carbon dioxide and greenhouse gas emissions. The third generation
of biodiesel feedstock, derived from algae, is recognised a being the
most environmentally friendly and effective option. Microalgae are
photosynthetic prokaryotic or eukaryotic microorganisms that can
grow rapidly and live in difficult conditions due to their simple cell
structure [1]. Microalgae uses solar energy, nutrients and carbon
dioxide (CO2) to produce proteins, carbohydrates, lipids and other
valuable organic compounds like carotenoids [2,3]. The chemical
compounds synthesized by microalgae have various applications.
The lipids of microalgae have attracted attention as future
feedstock for the synthesis of biodiesel, among others because of
unique characteristics, i.e., shorter generation time, suitability of
growing in culture vessels and open ponds, high CO2-sequestering
capability, ability to grow in wastewater/seawater/brackishwater,
non-interference of food chain, and high lipid productivity [4,5].
Recovery of the microalgal biomass is a solid-liquid separation
step in the production process. Except in cases where the algae
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are filamentous (Spirulina sp.) or form flocculates (Phormidium
sp.). Biomass harvesting is difficult to achieve mainly because of
the small size of organisms (typically less than 20 μm) and the
need to treat large volumes of water [6]. The recent studies on
microalgae mostly encompass extraction strategies that involve
the selection of improved formula for solvents and the various
disruptive techniques with focus on biodiesel production yield from
specific oleaginous strains [7].Thus a variety of methods aiming
at the disruption of the cell walls of whole microalgae have been
investigated, including thermal, ultrasonic, microwave, chemical,
mechanical, and other pretreatment [8]. Cell disruption enhances
the release of intracellular lipids from microalgae by improving the
access of the extracting solvent to fatty acids [9].

The extraction efficiency also depends on the species and the
method of extraction used [10]. The lipid composition of various
types of micro-algae such as diatoms [11], Nannochloropsis [12]
and Phaeodactylum tricornutum [13] has been studied by many
researchers. [14] studied different methods for extracting lipid:
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traditional solvent extraction, soxhlet extraction and supercritical
CO2 extraction. The extraction with supercritical CO2 (scCO2) is
suggested by some investigators in analogy to the production of
fish oil. However, low yields show that scCO2 is not suitable for
extracting microalgae lipid. Furthermore, the supercritical CO2 may
extract only the neutral lipid fraction that is a minor part of the
lipid fraction of microalgae. Solvent extraction is still the method
of extraction used by many researchers because of its simplicity,
relatively low cost and the lack of investment for equipment [15].
A comparison of different methods for extracting compounds for
pharmaceutical importance from microalgae was conducted on
Chlorella vulgaris [2], but no comparison was made with respect to
extraction with the mixture of chloroform / methanol solvent.
Microalgae and cyanobacteria are characterized by their
high metabolic plasticity and have a metabolic and physiological
response to any combination of environmental factors: lightdark, hot-cold, aerobic-anaerobic, nutrient deficiency-excess,
salinity ... etc. To increase the productivity of lipids in microalgae
cells, application of UV stress is an effective method. This physical
method is rapid, effective and safe to the environment [16].
Global UV-B radiation becomes stronger after the appearance
of ozone hole in the Antarctic. UV-B radiation produces harmful
effects on the physiological and morphological characteristics of
plants and thus constitutes a serious threat to the existence and
survival of organisms [17]. Previous studies have shown that UV-B
decreases the growth rate and photosynthetic activity of [18,19].
Furthermore, it has been confirmed that UV-B radiations stimulates
the formation of active oxygen species (AOS) at various sites of
respiratory and photosynthetic electron transport as well as during
different biochemical reactions in cellular systems [17].

Currently, microalgae have attracted attention for their
capability to produce antioxidant compounds such as carotenoids
[20]. These compounds play a key role against degenerative
diseases and aging induced by free radicals the AOS. Unlike nutrient
stress, UV stress increases the lipid peroxidation in microalgae
[21]. To overcome the oxidative stress, microalgae have produced
enzymatic and non-enzymatic antioxidants such as carotenoids that
offer protection by scavenging harmful radical or oxygen species
[17]. Carotenoids protect cells against photo-oxidative damage
by absorbing triplet state energy from chlorophyll and quenching
singlet state oxygen while α-tocopherol prevents lipid peroxidation
by scavenging AOS [22]. The enzymatic antioxidants include
superoxde dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx) and the enzymes involved in the ascorbate-glutathione cycle
to detoxify AOS [23].
According to numerous reports in the literature about cell
disruption and lipid extraction from microalgae biomass, the
method’s efficiency depends on the species studied. But due to
small number of studies with comparative analysis between these
different methods, there have no reports of the most efficient method
of cell disruption and lipid extraction from Amphora subtropica,
Tetraselmis marina, Picochlorum sp. and Dunaliella sp. This work
for the first part aims to compare various cell disruption and lipid
extraction techniques and identify the best of these according
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to efficiency criteria based on lipid content of four microalgae,
Amphora subtropica, Tetraselmis marina, Picochlorum sp. and
Dunaliella sp. Finally, the conversion of lipids to fatty acid mthyle
ester (FAME) was performed to determine fatty acid distribution
after extraction. In the second part, an attempt has been made to
study the effects of UV-B radiation on the growth, photosynthetic
pigments, lipid content and composition, antioxidant enzymes
and lipid peroxidation in Amphora subtropica, Tetraselmis marina,
Picochlorum sp. and Dunaliella sp.

Material and Methods
Microalgal Cultivation

Four microalgal samples representing different order
Amphora subtropica (Bacillariophyceae), Tetraselmis marina
(Chlorodendrophyceae), Picochlorum sp. and Dunaliella sp.
(Chlamydomonadales) were used as the representative genera,
because these strains present high growth rates and can produce
large quantities of lipids [24-27]. Microalgae were isolated from
saline water Port of Sfax, saline water Petit Paris, Kelibia, the
Mediterranean coast in the region of Sidi Mansour, Sfax and
hyper saline water Chott El-Jerid, Touzeur, Tunisia. Microalgae
cultures were grown under standardized laboratory conditions
in 1L conical flasks at temperature: 26°C, photon flux: 80μmol m-2
s-1 and photoperiod: 24:0 h light dark cycle. The inoculums were
transferred to 15-Lglass air bubble photobioreactor (Isotherm,
Germany) containing 8 L fresh optimized F/2 culture medium.
Salinity concentration was 40±1‰ or 140‰ for Dunaliella sp.
Microalgae cultures were assessed for 10 days and was carried out
under the same previously conditions and aerated continuously
(0.03vvm) with filtered (0.22µm) air. Cells were gently harvested
by centrifuging at 6000×g, 3 min and the obtained pellets were then
frozen, and stored at -80°C prior to analysis.

Cell Disruption for Lipid Extraction

An aliquot (1g) of the wet cell biomass was frozen overnight at
-80°C and disrupted by means of different cell disruption methods:
Osmotic Shock using 10% NaCl solution for Amphora subtropica,
Tetraselmis marina and Picochlorum sp. or 0% NaCl solution
for Dunaliella sp. and vortexing for 2 min followed by a 48-h
incubation at room temperature; Microwave treatment oven at a
high temperature (100°C and 2450 MHz) for 2min; lyophilisation
treatment for 1 day; water bath by taking biomass in a 15-mL
centrifuge tube and placing in preheated water bath for 20min at
60, 80 and 105°C to induce the thermolysis. After each treatment,
lipid extraction from microalgae was done according to [28]. After
centrifugation (4000×g for 2min), the upper layer was collected
and dried under nitrogen gas. Lipid content (% dry weight basis)
was determined gravimetrically.

Quantifying Cell Disruption

The effectiveness of each treatment was quantified by
measuring the fraction of physically disrupted cells by counting the
number of intact cells treated against those initially determined
from the control values. The total cell disruption (D) was quantified
in terms of the ratio of the average number of intact cells counted
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after each disruption method (Id) to the initial counts of intact cells
before disruption treatment (I0). D then, is given by
D= (1-I_d/I_0) ×100

Where the ratio Id/I0 indicates the cell survival probability.

Lipids Extraction

The lipid fraction was extracted by the method of:

a) [29] (chloroform /methanol / water = 1: 2: 0,8, v/v);

b) [28] (chloroform / methanol / hexane = 2: 1: 0,5 and, v/v);
c) [30] (dichloromethane/ methanol = 3:2 v/v);
d) [31] Hexane/isopropanol (3 :2);

e) [32] (methanol / Diethyl ether / hexane / water).

All solvents were purchased from Sigma–Aldrich (St. Louis,
MO) and were HPLC grade. Only glass containers were used for
organic solvent handling to prevent contamination. All extractions
were performed in triplicate, using samples of 1g wet weight algal
biomass. After extraction, the organic phase is then dried under a
nitrogen stream and the extracted lipids were stored at -20°C until
being transesterified and analyzed by GS-MS.

Trans-Esterification and Quantification of Fatty Acid
Methyl Esters

Trans-esterification of the crude lipid was performed using the
protocol described by Li-Beisson (2010). Oil were dissolved in 1mL
of H2SO4 (5%, v/v) in methanol. 50μg BHT and 20μg C17:0 TAG
(triheptadecanoin) as internal standard were added to lipid extract
and the samples mixed briefly by vortexing before was incubated
at 85°C for 90min. After the reaction was completed, the samples
were cooled to room temperature, mixed with 1mL hexane, and
time allowed for phase separation. The lower phase containing
FAME was collected and transferred to a glass test tube. Direct
trans-esterification without prior extraction was also performed.
For this, 15 ± 0.3 mg lyophilized biomass powder was used and
was transesterified directly by following the procedure given above
[33].

The FAME extract was redissolved in 500µL hexane. The
analysis of FAME was performed in GC-MS HP model 5975B inert
MSD (Agilent Technologies, J&W Scientific Products, Palo Alto, CA,
USA), equipped with an Agilent Technologies capillary DB-5MS
column (30m length; 0.25mm i.d.; 0.25mm film thickness), and
coupled to a mass selective detector (MSD5975B, ionization voltage
70 eV; all Agilent, Santa Clara, CA). The carrier gas was He and
was used at 1mL min-1 flow rate. The oven temperature program
was: 1min at 100°C ramped from 100 to 260°C at 4°C min-1 and
10min at 260°C. The chromatograph was equipped with a split/
splitless injector used in the split mode. The split ratio was 1:100.
Identification of components was assigned by matching their mass
spectra with Wiley and NIST library data.
UV-B Treatment

Effect of UV-B radiation on growth, biomass productivity,
lipid content and productivity, fatty acid profile, AOS and pigment
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accumulation by Amphora subtropica, Tetraselmis marina and
Picochlorum sp. and Dunaliella sp., were tested by transferring the
microalgae adopted at their phase of exponential growth (7th day
of the batch culture), after centrifugation at 4000×g, into a fresh
F/2 Provasoli (so that the nutriments were present in non-limiting
quantities). Microalgae were exposed to 0.28W m-2 of UV-B radiation
for 5 days. The controls were grown under the same conditions as
those used before UV stress (80μmol photons m-2 s-1, 24:0 h light/
dark cycle, 26°C). Each experiment was repeated three times.
Determination of Dry Matter, Biomass and Lipid Productivities
and Photosynthetic Pigments

Microalgal growth was monitored daily by measuring the dry
cell weight (DCW) (mg L-1). The biomass productivity (BP) are
the presented values an average for the 5 days and was calculated
according to equation BP (mg L-1 day-1) = (X2-X1) / (t2-t1), where,
X2 and X1 are the dry cell weight (DCW) (mg L-1) at time t2 and
t1, respectively. Lipid productivity (LP) is calculated as the product
of the lipid content and the BP. Cells were removed by means of
centrifugation (4,000×g at 4°C). The pellet was washed twice with
distilled water and was analyzed for photosynthetic pigments
content as described by [33] using the DMSO.
Malondialdehyde (MDA) Measurement and Antioxidant
Enzymes Assay

Thiobarbituric acid reactive substances production in test
samples was measured after 5th day of UV-B treatment by the
method of Draper and Hadley [34]. The total (Cu-Zn and Mn)
superoxide-dismutase (SOD) activity was assayed by measuring its
ability to inhibit the photoreduction of nitroblue tetrazolium (NBT).
SOD activity was expressed as units per milligram of proteins (U
mg-1 protein). Catalase (CAT) activity was measured according to
Aebi (Aebi 1984). The enzyme activity was expressed as µmol H2O2
destroyed min-1 mg-1 protein. Glutathione peroxidase (GPx) activity
was determined by the method of [35]. The enzyme activity was
expressed as µmol of GSH oxidized min-1 mg-1 protein.

Statistical Analysis

Data were presented as means ± SD. One-way analysis of
variance (ANOVA) was performed to identify statistically significant
differences in data sets at a 95% confidence level (p<0.05).

Results and Discussion

Effect of Pretreatment of Biomass on The Lipid Extraction
and Fatty Acid Composition
Cell disruption breaks the cells and improves the accessibility to
the intracellular components for extraction [36]. Six methods were
evaluated to understand the efficiency of cell disruption methods
for total lipid extraction from Amphora subtropica, Tetraselmis
marina, Picochlorum sp. and Dunaliella sp. The effectiveness of
the cell disruption methods was determined using lipid yield
percentages (Figure 1). All the cell disruption methods used in this
study were able to disrupt microalgae cells, although lipid yield
varied. In the present investigation, lipid extraction after osmotic
shock-pretreated microalgae generated high yields. Osmotic shock
of cell disruption for lipid extraction was found to be most efficient
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for Tetraselmis marina, Dunaliella sp. and Picochlorum sp. with
highest values of 361, 376 and 240g kg-1 (p<0.05) (Figure 1).

Figure 1.
However, microwave method was more efficient for Amphora
subtropica (345g kg-1) in 7th day old cultures because of the presence
of several micro-cracks in the cell wall. Microwave technology has
allowed the development of rapid, safe, and economical methods
for extracting lipids and does not require dewatering of algal
biomass [10]. In addition, [10] increased the yield of lipid extraction
of microalgae Botryococcus sp. in aqueous phase from 88 to 286 g
kg-1 DW by changing the ultrasonic process by the microwave. Lysis
after lyophilization also significantly (p<0.05) enhanced the lipid
content in microalgae Amphora subtropica and Tetraselmis marina
to 283 and 295 g kg-1, respectively, in comparison with control
condition (250 and 254g kg-1, respectively). Indeed, it is the most
popular method for extracting lipids in laboratory scale [10].
Heating at both 60°C and 80°C resulted in a slight decrease of
lipid content for Tetraselmis marina and Dunaliella sp., but when
heating was conducted at 105°C, the lipid content decreased
significantly. Indeed, drying is an energetic and very expensive
operation in industrial processes therefore uneconomic [37].
For example, life cycle analysis conducted on the process of
biodiesel production from microalgae indicates that 90% of the
process energy is consumed by oil extraction, indicating that any
improvement in lipid extraction will have a significant impact on
the economics of the process [37]. It is therefore important to move
towards the use of wet algal biomass in the extraction processes.
As an exception, drying the biomass Dunaliella sp. at 105°C, led to
extract a large amount of lipid. Our results show that for the other
strains, the lipid content decreased when the temperature of drying
the biomass was high (80 and 105°C). This agrees with results
reported by [38].

Microscopic observations represented a qualitative approach
to the success of the different cell disruption techniques. The
determination of cell disruption values confirmed that the cellular
disruption is affected by the different treatments on the intact
cells (Figure 2). Figure 2 also shows that the significantly higher
disruption values were attained in the microwave treatment
for Amphora subtropica (90%) and osmotic shock method for
Tetraselmis marina (87%), Dunaliella sp. (85%) and Picochlorum
sp. (75%). Similarly, revealed a high percentage cell disruption
in Nannochloropsis oculata after microwave treatment. These
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methods consume less energy than traditional methods. Osmotic
shock method was implemented in Tetraselmis marina, Dunaliella
and Picochlorum cell disruption and lipid extraction, to reduce the
energy consumption and production cost. In fact, osmotic shock
can disturb algal cell walls through a hasty increase and decrease
in the salt concentration of the culture media; this can disturb the
balance of osmotic pressure between the interior and exterior
of the algal cells. According to some authors, positive results
could be achieved by using the osmotic shock method for the
extraction of oil from various microalgal biomasses such as those
of Chlamydomonas reinhardtii [37], Botryococcus sp., Chlorella
vulgaris, and Scenedesmus sp. [39], Botryococcus sp. MCC32 and
Chlorella sorokiniana MIC-G5 [40].

Figure 2.
Thus, it was concluded that the osmotic pressure method
would appear to be the most simple, easy, and efficient method
[39,41]. Due to differences in cell wall structure, not all microalgae
respond the same to pretreatment. For example, [10] observed
that microwave treatment was optimum for the disruption of
Botryococcus sp., Chlorella vulgaris and Scenedesmus sp. cells.
Available literature suggests that cell disruption methods improve
lipid extraction from microalgae, it depends on microalgae species,
age of the culture and composition of cell wall. Therefore, results
obtained from one species cannot be generalised to all other species
[15]. A recent study by [42,40] presented that the osmotic shock
(Os) and microwave (Mw) treatments were most suitable methods
in extracting intracellular products, which can also be industrially
scaled up.

The fatty acid profiles of the lipids extracted following
different cell disruption methods from Amphora subtropica (Mw),
Tetraselmis marina, Picochlorum sp. and Dunaliella sp. (Os), are
presented in Table 1. Major fatty acids such as palmitic acid
(31.95%), palmitoleic acid (21.57%) and oleic acid (14.62%)
were detected in Amphora subtropica based on Microwave cell
disruption. Total saturated, monounsaturated and polyunsaturated
fatty acid contents of Microwave method were 45.24%, 40.19% and
14.57%, respectively, making it a potential feedstock for biodiesel
production (Table 1). Likewise, in Tetraselmis marina, palmitic
acid (46.6%) palmitoleic acid (13.56%) and oleic acid (26.89%)
were the major fatty acids (Table 1), with lower proportion of
polyunsaturated fatty acids of 6.14%, when cells were disrupted
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using osmotic shock, as comparing with control condition. Oleic
acid was higher in Tetraselmis marina, when used with osmotic
shock as cell disruption technique before lipid extraction (Table 1),

as was observed by [10]. It is generally accepted that oils with high
oleic acid content possess a reasonable balance of fuel properties
[43].

Table 1: Comparison of the most promising cell disruption pretreatments, in terms of fatty acids composition of microalgae.
FA %

Amphora subtropica
Control

C14:0

6.61

Mw
8.64

Tetraselmis marina
Control

Os

2.36

2.51

11.60

13.56

C16:0

24.71

31.95

50.80

C16:2

-

-

-

C16:1

26.30

25.57

C16:3

24.23

1.75

C18:1

4.14

14.62

-

0.85

C18:0
C18:2

C18:3
C20:0

C20:1
C20:4

C20:5

4.37

1.60
-

-

3.86

4.31

2.71

0.34
-

4.2

-

33.62

31.41

-

8.20

8.10

-

-

21.56

26.89

-

3.15

1.78

-

-

1.50

0.54

MUFA

30.43

40.19

33.16

40.45

PUFA

33.88

14.57

46.84
13.69

1.05
-

46.59
6.14

-

-

30.82
69.18
0.98

68.20

-

-

-

17.38

21.87

43.28

15.21

-

-

5.29

-

-

-

8.97

5.1

-

-

27.00

-

-

0.24

53.41

54.76

4.00

19.80

53.16

64.31

8.80

22.00

45.24

-

-

5.87

2.77

35.69

UFA

1.30

4.06

SFA

-

0.98

11.00

7.74

Os

29.33

-

-

2.23

Dunaliella sp.
Control

28.57

5.06

-

2.25

Os

46.6

4.19

C22:0

Piccochlorum sp.
Control

-

-

35.56
64.44
5.87

58.57

18
-

-

-

11.1

7.52
-

-

3.12

33.62

42.05

5.10

31.64

66.38
61.28

57.95
26.31

FA: Fatty acid; Mw: microwave; Os: Osmotic shock; SFA: saturated fatty acid; UFA: unsaturated fatty acid; MUFA: monounsaturated
fatty acid; PUFA: polyunsaturated fatty acid.
The osmotic shock method not showed significant differences
for the fatty acid profile of Picochlorum sp. However, in Dunaliella
sp., the total fatty acid composition with osmotic shock (0% NaCl) as
pretreatment resulted in total polyunsaturated fatty acid contents
of 26.31%, which was two-folds lower than control (61.68%),
without any pretreatment.

Effect of Extraction Methods on The Lipid Content and
Fatty Acid Composition

The toxicity of chloroform and methanol make Folch method
unsuitable for large-scale extraction, which also makes it essential
to compare the efficiencies of other solvent systems. Even though
it was reported to be ineffective for extracting Five methods for
lipid extraction were evaluated in Amphora subtropica, Tetraselmis
marina, Picochlorum sp. and Dunaliella sp. biomass: [28] (F:
chloroform / methanol / hexane), Bligh and Dyer (BD: chloroform
/methanol / water), [32] (B: methanol / Diethyl ether / hexane /
water), [30] (CS: dichloromethane/methanol) and [10] (L: Hexane/
isopropanol). Figure 3 shows the comparative analysis of different
lipid extraction methods in relation to the total lipid content in
the dry biomass. The efficiency of extraction of total lipids also
varies by microalgal species. Among the tested methods, CequierSanchez method was the most efficient for Amphora subtropica
and Picochlorum sp., obtaining approximately 35% and 22.6%
of total lipids, respectively, while that of Bligh and Dyer gave the

highest yield of total lipids in the strain Tetraselmis marina (32%)
and Dunaliella sp. (35.2%) directly applied after osmotic shock
treatment. As expected, Dunaliella sp. reported the highest total
fatty acids (TFA) content followed by Tetraselmis marina (Figure 3).
The higher FA recoveries reported by DT method as compared with
conventional methods (B and L in Tetraselmis marina, Picochlorum
sp. and Dunaliella sp. and CS in Tetraselmis marina) prior to
transmethylation can be explained by incomplete conversion of
lipids to FAME and need further modifications for optimizing the
yield, unfortunately this factor has not been the part of the present
study.

Figure 3.
The highest efficiency of both [30] and [29] methods can be
due to two effects: the solvent nature and the effect of convection.
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The solvents used in [30] and [29], dichloromethane, methanol and
chloroform, have a much higher capability to solubilize both neutral
and polar lipids as compared to other less polar solvents mixtures
as e.g. hexane and isopropanol [44]. Furthermore, the effect of
convection, caused during extraction when using a steel disperser,
produces a transient cavitation, which can affect the size and
structure of the cell matrix therefore increasing lipid extractability.
Interestingly, the extraction carried out by different methods can
lead to great differences not only in the total extracted lipid, but
also in their composition (Table 2). After having identified the best
extraction method among those evaluated, Amphora subtropica and
Picochlorum sp. samples were extracted by using Cequier-Sanchez
method while Tetraselmis marina and Dunaliella sp. samples were
extracted by using Bligh and Dyer method and then subjected to

transmethylation to determine FA composition. The highest level
of SFA% (56.35%) was found in Tetraselmis marina followed by
52.37% in Amphora subtropica and 45.69% in Dunaliella sp. The
application of BD method in both Tetraselmis marina and Dunaliella
and that of CS in both Amphora subtropica and Picochlorum extract
increased the percentage of SFA and MUFA and considerably
decreased the percentage of PUFA compared to the control [28]
(Table 2). The present study displayed significant variations in lipid
and fatty acid contents, owing to the matrix effect and solubilising
ability of different solvent systems employed to further disrupt
the cellular membranes and dissolve the entrapped lipid from
microalgae. Similar results were reported by many researchers in
plant [44], macroalgae [45], microalgae [15] and thus employing
different lipid extraction methods for obtaining the best results.

Table 2: Comparison of the most promising lipid extraction methods, in terms of fatty acids composition of microalgae.
FA %
C14:0

C16:0
C16:1
C16:2

Amphora subtropica (Mo)

Tetraselmis marina (Os)

CS

Control (F)

BD

Control (F)

CS

Control (F)

BD

8.64

10.24

2.51

1.41

2.23

3.46

-

2.66

25.57

36.95

13.56

12.56

8.97

5.71

-

31.95
-

34.87
-

46.6
-

1.75

1.22

C18:1

14.62

1.47

26.89

C18:3

0.85

1.57

1.78

C18:2

C20:0

C20:1
C20:3

C20:4

4.31

2.71

0.34
-

-

2.55
-

0.23

0.31

-

-

-

1.05
-

1.39
0.24

0.03
0.72

45.24

52.37

53.41

56.35

MUFA

40.19

38.42

40.45

40.95

PUFA

54.76
14.57

47.63
9.21

-

0.24

2.25

46.59
6.14

43.65
2.7

4.00

9.1

10.6
11.43

27

SFA

UFA

8.80

31.41

12.59

19.80

-

-

8.10

31.25

0.18

-

-

5.87

2.77

-

C22:1

29.33

6.11

0.54

1.85

47.8

4.06

2.02

5.06

C24:0

7.03

4.2

C20:5
C22:0

Dunaliella sp (Os)

Control (F)

C16:3
C18:0

Picochlorum sp. (Os)

-

21.87
-

-

-

-

5

-

-

17.38
11.1

15.27

15.21

-

5.29

-

7.52
-

38.5

1.04

26.17
12.7
7.2

3.49

2.53

-

-

3.12

-

1.3

35.56

39.71

42.05

45.69

5.87

13.89

31.64

34.41

-

64.44
58.57

60.29
46.4

-

-

57.95
26.31

54.31
19.9

FA: Fatty acid; Mw: Microwave; Os: Osmotic shock; F: Folch et al. (1957) method; CS: Cequier-Sanchez (2008) method; BD: Bligh
and Dyer (1959) method; SFA: Saturated fatty acid; UFA: Unsaturated fatty acid; MUFA: Monounsaturated fatty acid; PUFA:
Polyunsaturated fatty acid.

Effect of UV-B Stress on the Growth, Photosynthetic
Pigments, Lipids Content and Fatty Acid Composition
The final part of this study measured the effects of UV exposure
on growth, photosynthetic pigments, lipid content and fatty
acid methyl ester (FAME) composition. The growth responses of
four tested microalgae Amphora subtropica, Tetraselmis marina,
Picochlorum sp. and Dunaliella sp. to UV-B were inhibitory and
the effect varied with microalgae strains. The cell dry weight for
Amphora subtropica after UV-B was decreased by 57.3% relative

to the control after 5 days of stress treatment. The corresponding
values for Tetraselmis marina, Picochlorum sp. and Dunaliella
sp. under the same experimental condition were 65.9, 72.7 and
76.4%, respectively. Therefore, biomass productivities of Amphora
subtropica and Tetraselmis marina were markedly lower than
Picochlorum sp. and Dunaliella sp. The growth responses of these
microalgae to UV-B stress showed considerable differences
probably due to different degree of damage caused by UV-B directly
or indirectly on DNA, proteins and photosynthetic apparatus [17].
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UV-B radiation has been reported to impair the ultrastructure of
microalgae [19].

UV-B exposure (p<0.05). Under UV stress due to UV-B radiations,
it is plausible to consider the increase in microalgae lipid content
due to an increase in the unsaponifiable fraction (carotenoids,
phytosterols, lipophilic vitamins, etc.). In fact, as reported by [50],
under UV radiation, the microalgae strains increased their content
in carotenoids, which are well known antioxidant molecules
and so can protect against ROS [51]. The results concerning the
effects of UV-B on the total lipid fatty acid composition of Amphora
subtropica, Tetraselmis marina, Picochlorum sp. and Dunaliella sp.
are presented in Table 3. In all the species, SFA levels had decreased
whereas PUFA levels had decreased after UV-B treatment. The
individual fatty acids were also differentially affected by UV-B
exposure. In Amphora subtropica, UV exposure led to an increase in
palmitic acid (C16:0) and oleic acid (C18:1) content as well as little
increase in that of myristric acid (C14:0) with the disappearance
of C16:3, C18:0, C18:3 and C24:0 in comparison with the control.
These changes in fatty acid composition resulted in a reduced
degree of unsaturation of the total fatty acid pool.

In fact, it is well documented that, when cells are exposed to
oxidative stress, the antioxidant systems can be potentiated to
protect cells from free radical damages. Application of the above
stress condition during the stationary growth phase increased the
total carotenoids content in Amphora subtropica, Tetraselmis marina,
Picochlorum sp. and Dunaliella sp. However, content of chlorophyll
a and chlorophyll b, the ratio Chl a/Chl b and Chl a/Car reduced
considerably following UV-B exposure. The possible explanation
is that the bleaching caused by UV radiation directly activates
oxygen- mediated peroxidation, indirectly resulting in damage to
the photosynthetic pigments [18]. It is generally recognized that
UV degrades photosynthetic pigment and proteins of chloroplasts,
especially the D1 protein of the photosystem II (PSII), which is
involved in the mechanisms of photosynthesis [46,47]. In the
present study, UV-B induced damaging response photosynthetic
pigments in these microalgae varied significantly. Low level of cell
damage in this investigation can be explained by the accumulation
of carotenoids in response to UV-B stress. Carotenoids have been
found to be effective at protecting the photosynthetic apparatus
against UV-B [44]. Our results imply that UV-B induced-damage is
likely a dynamic balance between damage and adaptation, as has
been proposed in previous studies [17,48,49].

Fatty acids profile of Tetraselmis marina, exposed to UV
radiation, was characterized by an increase in the content of C16:0,
C18:2, C20:0, C20:1 and C24:0 and a decrease of the content of
C14:0 and C18:3 with the disappearance of C16:1, C16:2, C18:0,
C20:3, C20:4 and C20:5. In Picochlorum sp., the content of C14:0,
C16:0 and C16:1 increase upon UV exposure, while those of C18:2
and C18:3 decreased with the disappearance of C16:2, C16:3,
C22:1.The appearance of new components C18:0 and C18:1
indicates that the UV radiation can affect the composition of the
cell membrane. However, in Dunaliella sp., C16:0, C18:0, C18:1 and
C18:2 increased, whereas C16:1, C18:3, C20:0 and C20:1 decreased
as an immediate and transitional response to UV stress. Like highlight treatment of Dunaliella cells [52] and UV exposure of Pavlova
lutheri and Odontella aurita [53], UV-B exposure of Amphora
subtropica, Tetraselmis marina, Picochlorum sp. and Dunaliella sp.
led to a reduced degree of unsaturation of the total fatty acid pool.
This reduction in the degree of unsaturation, which correlated
negatively (p<0.05) with the intracellular carotenoid concentration
for both high-light stress [20] and UV-B exposure, resulted from a
decrease in polyunsaturated fatty acids and a simultaneous increase
in the more saturated fatty acids, including oleic acid (Table 3).
The poor content or even the absence of PUFA such as α-linolenic
fatty acid (ALA) and eicosapentaenoic acid (EPA) and arachidonic
acid (AA) in stressed biomass, in comparison with the unstressed
one (control), can be explained considering that these compounds
are the first that are attacked during the radical-mediated lipid
peroxidation [54].

Figure 4: Effect of UV-B radiation on the cellular lipid
content in the second stage of cultivation of Amphora
subtropica, Tetraselmis marina, Picochlorum sp. and
Dunaliella sp. Values are the means ± SD. osmotic shock.
The data represent means ± SD.
As can be seen in Figure 4, the UV-B exposure increases the
cell lipid content. In the absence of any stress condition, Amphora
subtropica, Tetraselmis marina, Picochlorum sp. and Dunaliella sp.
were shown to contain only 350, 320, 226 and 352g kg-1, respectively.
In all studied microalgae, the cell lipid content showed a significant
increase of 56%, 84%, 111% and 80%, respectively, after 5 days of

Table 3: Effect of UV-B radiation on Contents of the main fatty acid methyl esters (FAMEs) of Amphora subtropica, Tetraselmis marina,
Picochlorum sp. and Dunaliella sp. lipid fraction referred to total FAMEs (g/100 g FAME).
FA %

Amphora subtropica

Tetraselmis marina

Control

UV

Control

UV

C14:0

10.24

12.7

1.41

9.2

C16:1

36.95

34.86

12.56

C16:0
C16:2

34.87
-

40.5

47.8

39

Picochlorum sp.
Control
3.46

31.25
12.59
9.1

Dunaliella sp

UV

Control

3.54

2.66

2.29

5.71

39.84

38.5

Cite this article: Ines Dahmen Ben Moussa, Mohamed Bouaziz, Abdelhafidh Dhouib. Production of Lipids from Tunisian Wild Microalgae:
Influence of Cell Disruption, Extraction Methods and UV-B Radiation Exposure. Biomed J Sci&Tech Res 9(3)-2018. BJSTR. MS.ID.001814.
DOI: 10.26717/ BJSTR.2018.09.001814.

UV
41.4
5.9

7198

Biomedical Journal of Scientific & Technical Research

C16:3

1.22

C18:1

1.47

10.1

0.18

0.5

C18:0

7.03

C18:2

2.55

4

C18:3

1.57

C20:0

0.7

-

C20:1
C20:3

C20:4

2.02

C20:5

1.85

C22:1

-

C24:0

0.23

6.11

7.8

5

12.73

0.18

19.80

11.43

0.8

15.27

9.7

2.87

-

36.4

11.43

19.1

2.25

1.39

0.5

10.6

27

2.77

0.31

0.6
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12.7

1.89

-

12.8

26.17

3.6

15.21

6.5

17.66

11.1

12.7
7.2

7.2

12.14

2.53

1.4

3.49

-

0.24

1.8

-

0.03
0.72

1.04

1.3

1.54

-

9.6

SFA

52.37

53.20

56.35

59.43

39.71

56.11

45.69

59.30

MUFA

38.42

44.96

40.95

39.27

13.89

15.09

34.41

24.96

UFA

47.63

PUFA

9.21

46.80
3.04

43.65
2.7

40.57

60.29

1.3

43.89

46.4

54.31

28.8

40.70

19.9

15.74

FA: Fatty acid; UV: UV-B radiation; SFA: saturated fatty acid; UFA: unsaturated fatty acid; MUFA: monounsaturated fatty acid;
PUFA: polyunsaturated fatty acid.

Effect Of UV-B Stress on the Lipid Peroxidation and
Antioxidant Enzymes
UV-B radiation induced the formation of MDA indicating
enhanced lipid peroxidation in microalgae (Table 4). The activity
of antioxidant enzymes in microalgae such as SOD, CAT and GPx
was also enhanced after UV-B exposure. Content of MDA increased
by 55, 61, 141 and 153% in Amphora subtropica, Picochlorum
sp., Dunaliella sp. and Tetraselmis marina, respectively (Table 5).
The activity of SOD, CAT and GPx increased by 29, 97 and 40% in
Amphora subtropica, 95, 107 and 55% in Tetraselmis marina, 36, 60
and 71% in Picochlorum sp. and 146, 98 and 110% in Dunaliella sp.,
respectively. In the present study UV-B treatment induced the lipid
peroxidation of PUFA via oxidative damage which consequently

affects the integrity of thylakoid and cellular membranes [23]. [21]
observed an increase in MDA content in Spirulina platensis and
Dunaliella salina following UV-B exposure. Once UV-B radiation
reaches the inside the cell, it interacts with oxygen and other organic
compounds to produce toxic AOS such as superoxide, hydroxyl
radical or hydrogen peroxide finally resulting in oxidative stress
and activation of several antioxidative enzymes such as SOD, CAT
and GPx. High activity of these antioxidative enzymes in Amphora
subtropica, Tetraselmis marina, Picochlorum sp. and Dunaliella sp.
could be linked with stress tolerance efficiency. Earlier studies have
also demonstrated the increased activity of these enzymes to UV-B
exposure in cyanobacteria [17] and micro green algae Dunaliella
salina [21,55-57].

Table 4: Effect of UV-B radiation on dry weight, biomass productivity, lipid yield and productivity and pigments composition of
Amphora subtropica, Tetraselmis marina, Picochlorum sp. and Dunaliella sp.
Pigments Composition

DW
BP

Lipid yield
LP

Chl a (pg cell )

Chl b (pg cell 1)
-

Car (pg cell )
-1

Chl a/Chl b

Tetraselmis marina

Picochlorum sp.

Dunaliella sp.

Control

UV

Control

UV

Control

UV

Control

UV

850±14

487±12*

940±18

620±13*

1105±15

804±13*

1400±11

970±21*

589±21*

226±8.9

478±11*

352±11

170±4.1

97.4±3.2*

188±3.5

124±4.5*

59.5±0.7

53.3±0.6*

60.2±0.8

13±1.2

9.4±0.8*

350±12

-1

Chl a/Car

Amphora subtropica

11±0.9

1.8±0.2

0.84±0.09
6.11±0.5

Data are shown as the mean ± SD (n= 3).

547±10*
7.3±0.4*
2.6±0.3*

0.77±0.1*
2.80±0.2*

221±4.2

160.8±7.1*

84.8±1.2*

49.9±0.7

29±2.2

16.8±1.2*

21±2.3

0.82±0.04

0.77±0.06*

320±9.7
24±1.5

2.2±0.8

10.91±0.9

13±0.8*

5.7±0.7*

2.28±0.4*

16±0.8
3±0.5

0.76±0.4
5.33±0.9

280±3.2

214±1.8*

83.5±0.9*

98.6±1.7

122.9±1*

17±2.5*

28±1.5

19±1.4*

11±1.1*

6.5±0.7*

0.64±0.05*
1.69±0.9*

22±2.7
4±0.2

0.78±0.03
5.5±0.21

634±15*
14±1.1*
10±0.9*

0.73±0.05
1.4±0.05*

The asterisks indicate significant differences with respect to the values of control cultures (p < 0.05).
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Table 5: Effect of UV-B radiation on antioxidant enzymes and lipid peroxidation in Amphora subtropica, Tetraselmis marina, Picochlorum
sp. and Dunaliella sp.
Amphora subtropica

Enzyme
activity

Lipid
peroxidation

SOD
(Umg-1
protein)

CAT
(µmol H2O2
min-1 mg-1
protein)
GPx
(µmol GSH
min-1 mg-1
protein)

MDA
(nmol mg-1
protein)

Tetraselmis marina

Picochlorum sp.

Dunaliella sp.

Control

UV

Control

UV

Control

UV

Control

UV

17.2±0.1

22.3±0.2

9.1±0.12

17.8±0.8

14.5±0.8

19.8±1.2

10.2±0.4

25.1±1.5

9.8±0.05

19.4±0.1

11.9±0.4

24.7±0. 2

7.3±0.05

11.7±0.6

11.4±0.1

22.6±0.9

13±0.1

18.2±0.5

9.8±0.2

15.2±0.1

8.4±0.04

14.4±0.8

6.4±0.14

13.5±0.1

1.8±0.4

2.8±0.02

1.5±0.06

3.8±0.03

1.8±0.01

2.9±0.05

2.4±0.03

5.8±0.05

Data are shown as the mean ± SD (n= 3).

Conclusion
The strain improvement has been considered as having an
impact on the cost issues on microalgae lipid extraction. This
comparative study enables us to test the efficiency of different
method for cell disruption and lipid extraction in different microalgal
species. Microwave improved the cell disruption efficiency,
leading to increase in the lipid content in Amphora subtropica
while osmotic shock in Tetraselmis marina, Picochlorum sp. and
Dunaliella sp. CS was the most efficient method of lipid extraction in
Amphora subtropica and Picochlorum sp. while BD and DT method
in Tetraselmis marina and Dunaliella sp. Fatty acid analysis of all
microalgae oil showed high level of SFA and MUFA, indicating a
composition potentially useful for biodiesel production. The results
of the present study revealed that the lipid content of the UV-treated
microalgae was further significantly increased with the increase of
carotenoid content, MDA level and antioxidants enzymes activities.
The overall lipid contents of Amphora subtropica, Tetraselmis
marina, Picochlorum sp. and Dunaliella sp. were increased to 54.7,
58.9, 47.8 and 63.4%, respectively, a 1.5, 1.8, 2.1 and 1.8-fold
increase compared to control condition.
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