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ABSTRACT
In recent years, there has been a growing interest focused on the biotechnological potential of microalgae, mainly due to the identification of several high
value-added biomolecules synthesized by these microorganisms. Thus, microalgae are a promising resource for a highly sustainable production of various
compounds such as proteins, phenolic compounds, lipids, polysaccharides, pigments and vitamins. Its industrial production has been worldwide evolving due
to their extensive application potential in renewable energy, animal feed, food, cosmetic, biopharmaceutical and nutraceutical industries.
Polysaccharides in general, and sulfated polysaccharides and -glucans in particular, exhibit several biological effects such as antioxidant, anti-inflammatory, antiviral, antitumor and
immunomodulating activities.
Tetraselmis chuii and Chlorella vulgaris were grown under autotrophic conditions, and biomass was collected in three different growth phases (lag, exponential, stationary) in order to evaluate the
content of biomolecules produced by these species. With these purpose, aqueous extracts were obtained by using multistep extraction (with cold and boiling water, acidic and alkaline conditions) and
conventional Soxhlet extraction (80% (v/v) ethanol). Their total polysaccharides, sulfated polysaccharides, -glucans, carotenoids, chlorophylls, total protein and B-phycoerythrin contents were
investigated. The biomass collected at the exponential phase of Chlorella vulgaris and at the stationary phase of Tetraselmis chuii, showed higher contents in biomolecules, highlighting the water
fractions obtained by the multistep extraction method. Thus, the studied extracts due to their biochemical properties, could be suggested to be further exploited in the formulation of novel functional
food, nutraceutical products and in biomedical applications.

MATERIALS AND METHODS

RESULTS AND DISCUSSION

Microalgae Growth Conditions and Maintenance

In order to verify the cell growth phase corresponding to the highest polysaccharides production for Tetraselmis
chuii and Chlorella vulgaris, the total polysaccharides content of the biomass collected at the 3 different growth
phases was determined. The total polysaccharides present in the extraction fractions obtained by the MSE
method, are represented in Fig.2.

The microalgae cultures were grown at ALLMICROALGAE, in indoor lab with seed cultures that were brought in a
stepwise fashion to 250 mL, 2 L, and then to 5 L flask cultures.
The biomass was collected by centrifugation at 4500 rpm for 30 min, at three different growth phases (lag,
exponential, stationary).

Intracellular Bioactive Compounds Extraction
Conventional Soxhlet Extraction (SE)
Extraction of biocompounds by the conventional hot continuous extraction (Soxhlet) method was carried out
following the procedure previously described by Silva et al. [1]. The biomass (1:10; solid:solvent ratio) was
extracted by using 80% (v/v) ethanol, at 80ºC for 3 h. The extracts were collected by centrifugation at 11000 rpm
for 10 min.
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Fig. 1 – Flow-chart of the multistep extraction (with cold and
boiling water, acidic and alkaline conditions) from Chlorella
vulgaris and Tetraselmis chuii biomass.
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Fig. 2 - Total polysaccharides contents obtained in the MSE fractions for the biomass collected in the 3 growth phases of the
A microalgae cultures: (A) Tetraselmis chuii; (B) Chlorella vulgaris.
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The Tetraselmis chuii biomass collected at the stationary phase, in general, showed higher contents in
polysaccharides, highlighting the acid (FHCl) and boiling water (FW2) fractions obtained. However, the biomass
of Chlorella vulgaris recovered at exponential phase was the one that revealed a greater content of these
biomolecules, especially the water fractions (FW1 and FW2). It should also be noted that in the FNaOH
fractions, polysaccharides were detected only on the lag phase, for both species.
The content of -glucans in functional foods particularly in microalgae is of major interest, since triple helix
conformation of -1,3-D-glucans is pointed out as a very relevant factor by playing a significant role as
immunomodulating or antitumor agents [2]. In addition, sulfated polysaccharides have been described by
exerting different biological activities like anti-inflammatory, antimicrobial and antiviral [7]. Thus, these
bioactive compounds were measured in the obtained extracts, as shown in Fig.3.
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Bioactive Compounds Quantification
Total Polysaccharides Assay
Total polysaccharides were quantified in the extracts by the phenol–sulfuric acid method by using
polygalacturonic acid as the standard [3].
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Congo red Assay
Congo red colorimetric assay was carried out to determine the concentration of -D-glucans with triple helical
structure in extracts as described previously by using -D-glucan from barley as the standard [2].

Total Carotenoids and Chlorophyll Contents
The Linchtenthaler HK (1987) Equation was used to calculate the concentration of carotenoids and chlorophyll
contents in the microalgae extracts [5].

Protein Assay
Protein concentrations present in the extracts were determined by Coomassie blue dye-binding method by using
BSA as the protein standard [6].

B-Phycoerythrin Assay
The amount of B-Phycoerythrin in the extracts of C. vulgaris and T. chuii was determined using the method
described by Gallego et al. [7].

40
20
0

Exponential Stationary
Growth phases

Lag

Exponential Stationary
Growth phases

Fig. 3 – -glucans, sulfated polysaccharides and total protein contents extracted by conventional hot continuous extraction
(Soxhlet) method, from biomass collected in lag, exponential and stationary phases. (A) Tetraselmis chuii; (B) Chlorella vulgaris.

B-phycoerythrin is a phycobiliprotein that contains a pigment and has a good value as a fluorescent marker in
biomedical applications, while some functional properties have also been described [7].
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Sulfated polysaccharides content was measured by the toluidine blue method adapted from [4] using dextran
sulfate as a standard.
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As described in Fig. 1, five fractions of
biocompounds were obtained by using
the procedure reported previously [2].
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Throughout the culture process, observations of the cells were made using an optical microscope, the efficiency
of biomass growth was controlled by measuring the OD at 540, 600 e 750 nm and the assimilation of biogenic
substances was analysed based on the content of nitrogen (ammonia and nitrates) in the culture medium.
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Chlorella vulgaris and Tetraselmis chuii cultures were grownautotrophic conditions in biological medium at pH 6-7
and in 1.11% (m/v) MNB medium, containing 23g/L NaCl, 0.45% (v/v) micronutrients stock solution, 0.54 mg/L
FeCl3 and 6.3 g/L MgCl2 at pH 7-9, respectively. The cultivation conditions were 27 ºC and a light intensity of 6410
lux with constant aeration, for 33 days.
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Fig. 4 – B-phycoerythrin determined in the fractions extractions obtained using MSE method. (A) Tetraselmis chuii; (B) Chlorella
vulgaris.
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B-phycoerythrin (Fig. 4), carotenoids and chlorophylls, were also determined in all extracts obtained. It was
verified, generally, that the alkaline fractions (FNaOH and FKOH) are the richest in these biocompounds.
The separation in the different fractions using MSE extraction method demonstrated the most efficient extraction
phases for bioactive compounds.
Hence, the studied extracts could be further investigated considering their biochemical properties in the
development of new functional foods or nutraceutical preparations, as well as in biomedical applications.
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