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Abstract: Cyanobacterial blooms and strains absorb carbon dioxide, drawing attention to its use as
feed for animals and renewable energy sources. However, cyanobacteria can produce toxins and
have a low heating value. Herein, we studied a cyanobacterial strain harvested during a bloom event
and analyzed it to use as animal feed and a source of energy supply. The thermal properties and the
contents of total nitrogen, protein, carbohydrate, fatty acids, lipid, and the presence of cyanotoxins
were investigated in the Microcystis aeruginosa LTPNA 01 strain and in a bloom material. Microcystins
(hepatotoxins) were not detected in this strain nor in the bloom material by liquid chromatography
coupled to mass spectrometry. Thermogravimetric analysis showed that degradation reactions
(devolatilization) initiated at around 180 ◦C, dropping from approximately 90% to 20% of the
samples’ mass. Our work showed that despite presenting a low heating value, both biomass and
non-toxic M. aeruginosa LTPNA 01 could be used as energy sources either by burning or producing
biofuels. Both can be considered a protein and carbohydrate source similar to some microalgae
species as well as biomass fuel. It could also be used as additive for animal feed; however, its safety
and potential adverse health effects should be further investigated.

Keywords: biomass energy; carbon dioxide biofixation; fatty acids; livestock feed; Microcystis; proteins

1. Introduction

Several examples in the literature show that some cyanobacteria species are used
to produce energy, such as biodiesel or hydrogen gas (H2) generation, high added value
inputs, or feed for animals [1–3]. However, such studies consider isolated species and
strains of non-toxic cyanobacteria grown in bench-scale photobioreactors [4–6]. Some
species are suitable for dense cultivation to directly fix carbon dioxide (CO2) and produce
cell biomass [7]. Studies on the use of cellular material in blooms are scarce, mainly due
to the risk of cyanotoxins’ presence [8,9]. Nonetheless, some cyanobacteria strains, for
example, the LTPNA 01, LTPNA 03, LTPNA 05, and CCIBt3106 strains of the Microcystis
aeruginosa species, do not produce cyanotoxins [10,11]. Jacinavicius et al. [10] suggest that
without the extra cost of synthesizing microcystins, such non-toxic strains could invest in
nutrient reserves.
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There is a huge amount of cell biomass in the water body during cyanobacterial
blooms that could be used somehow. In lakes and water reservoirs, mainly for human
supply, blooms are a major problem, as this biomass has to be removed in water treatment
plants, increasing costs and requiring the use of chemicals [12].

The options for the treatment and removal of cyanobacterial biomass during blooms
generally use oxidizing agents such as hydrogen peroxide, potassium permanganate, or
flocculating agents for the subsequent decantation of cell material at the bottom of the
reservoir [13]. The procedures used to treat blooms’ episodes do not include biomass use;
they are only aimed at its elimination or phase transfer.

The number of cyanobacterial cells per milliliter can reach millions and the total cell
mass, many tons, depending on the reservoir area [14,15]. Some studies have shown that
biomass can be used as an energy source or to produce active metabolites and fractionated
material containing carbohydrates, proteins, and polyunsaturated fatty acids of food and
pharmaceutical interest [16]. Microcystis spp. biomass has been suggested as a protein
source for animal feed due to its high availability and protein content. This biomass use
could reduce the dependence on soy and other crops that affect and degrade terrestrial
ecosystems [9]. For animal feed production, the food source needs to have specific chemical
and biochemical properties, such as fatty acids, proteins, carbohydrates, lipids, antioxidants,
vitamins, ash, and carotenoids [17,18]. Performing this characterization is the basis for
understanding the potential candidate for feed production.

Therefore, in this study, a reservoir sample was used, containing a non-toxic strain
(LTPNA 01) of the cyanobacterial species M. aeruginosa isolated from a bloom episode
and investigated for possible exploitation. For this purpose, it has been hypothesized that
this strain would have biotechnological potential to be used as a source of animal feed
and energy.

2. Materials and Methods
2.1. Cyanobacterial Bloom Sampling, Cyanobacteria Isolation, and Microorganism Identification

Bloom samples were collected from the Salto Grande Reservoir margins (Americana
city, São Paulo State, Brazil, 22◦42’07.2” S 47◦16’05.4” W; 530 m above the sea level). A
20-mm phytoplankton net was used to concentrate the samples when necessary. Unicellular
strains were isolated and grown in ASM−1 medium with 1% agar, a photoperiod of 12 h
light and 12 h dark, 50 µmol photons m−2 s−1, and temperature of 25 ◦C in the Laboratory
of Toxins and Natural Products of Algae and Cyanobacteria (LTPNA). Bortoli et al. [11]
identified and described the strain Microcystis aeruginosa LTPNA 01. Samples of this
strain were collected at the end of the exponential growth phase between days 20 and 25.
Then, 250 mL of the bloom material and the strain Microcystis aeruginosa LTPNA 01 were
centrifuged, lyophilized, and stored in a −20 ◦C freezer until analysis.

The lyophilized samples (10 mg) were extracted for 15 min with 75% methanol by
vortexing and sonicating in an ice bath. Then, the samples were centrifuged for 15 min
(10,000 g), and the supernatants were removed and centrifuged again for 5 min before
LC-MS/MS analysis (see Section 2.10 for detailed description).

2.2. Determination of Ash

The determination of the ash content was performed based on Gressler et al. [19] and
according to AOAC [20] procedure. An electric oven (Robertshaw, Pyrotec, São Paulo, SP,
Brazil) was used to turn the freeze-dried materials of both bloom and culture samples into
ashes by heating them at 500 ◦C for five hours. Ash content was quantified gravimetrically.

2.3. Total Lipid Content

The lipid content was extracted according to Sanchez-Machado et al. [21]. The
lyophilized samples (500 mg) were added to chloroform and methanol (2:1) in a Pyrex®

tube. After 2 min vortexing, the extract was filtered in a Whatman 41 paper, and the residue
was re-extracted with the same solvents (5 mL and 30 s vortexing). The extract was filtered
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again in a Whatman 41 paper; the two filtrates were combined and dried under a nitrogen
flow. For each lipid extract, the determination of total lipids was performed gravimetrically
in triplicate.

2.4. Fatty Acid Composition of Cyanobacterial Samples

The extraction and analysis of the fatty acid composition were based on the procedures
described in Gressler et al. [19], AOAC 996.06 [20], and AOCS Ce 1 h-05 [22]. The analyses
were performed using a QP2010 Plus gas chromatograph coupled to mass spectrometry
(GC-MS/MS) (Shimadzu, Kyoto, Japan), with a capillary column of fused silica SP-2560,
100 m (0.25 µm film) (Supelco, Bellefonte, PA, USA). The standard Fatty Acid Methyl esters
(lipids Supelco standards 18 919) were butyric, capric, caprylic, lauric, myristic, palmitic,
stearic, arachidic, and lignoceric acids; C 14:1n-5cis; C 15:1n-5cis; C 16: 1n-7cis; C 17:1n-7cis;
C 18:1n-9cis; C 20:1n-9cis; 22:1n-9cis; C 24:1n-9cis; C 18:2n-6cis; C 18: 3n-3cis; C 18:3n-6cis;
C 18:4n-3cis; C 20:2n-6cis; C 20:3n-6cis; C 20:3n-3cis; C 20:4n-6cis; C 20: 5n-3cis; C 22:2n-6cis;
C 22:6n-3cis; C 18:1n-9trans; and C 18: 2n-6trans.

2.5. Determination of Total Carbohydrates

Total carbohydrates were measured based on the phenol-sulfuric acid method de-
scribed by Dubois et al. [23]. Freeze-dried samples of both Microcystis bloom and cultured
material (5 mg) were extracted with ultrapure water (10 mL) and submitted to ultrasound
for 2 min. Cold ethanol (1 mL, −20 ◦C) was added to 1 mL of the water extract to pre-
cipitate proteins. The supernatant (1 mL) was centrifuged for 10 min (11,180× g) and
filtered through a membrane with 0.44 µm pore diameter. The filtered solutions were
dried (Speedvac®, for 10 min, at room temperature), and the solid material was dissolved
in 0.2 mL of 5% phenol solution, which was followed by adding 1 mL of concentrated
sulfuric acid and shaking the mixture for 30 min. The absorbance was measured at 490 nm
and used to quantify polysaccharides based on the glucose standard curve. A calibration
curve was obtained by measuring the absorbances of six glucose solutions with concentra-
tions varying from 10 to 100 µg/mL. The total carbohydrate content of each sample was
determined in triplicate, and the results were shown as average ± standard deviation.

2.6. Determination of Total Protein

A modified method was based on the classical protein determination procedure
described by Bradford [24]. Soluble protein determination was performed using a Bio-
Rad (Hercules, CA, USA) protein assay kit adapted for a 96-well plate, and absorbance
measurements were taken at λ = 595 nm. A calibration curve was prepared using solutions
of BSA in ultrapure water with concentrations varying from 0.1 to 300 g/L. A UV mini-1240
UV-vis spectrophotometer (Shimadzu, São Paulo, SP, Brazil) was used. Samples were
prepared with both bloom and cultured material. Soluble proteins were extracted based on
the procedure described by Gressler et al. [19]. First, 10 mg of freeze-dried samples were
extracted for soluble protein, and then, centrifugation was performed (15 min at 5000× g at
4 ◦C). Subsequently, 760 µL of distilled water and 200 µL of Bio-Rad dye were added to the
supernatant to obtain a concentration of 4 µg/µL. Then, a 100 µL portion of this solution
was transferred to a 96-well plate, and absorbance measurements were carried out. The
soluble protein in each sample was determined in triplicate, and the results were shown as
average ± standard deviation.

2.7. Determination of Total Nitrogen

The protocol recommended by the Association of Official Analytical Chemists 976.06
and Kjeldahl method [25] were employed to determine crude proteins, named herein as
total nitrogen. Total nitrogen was determined using 25 mg of either sample. The protein
content of the biomass was determined according to the AOAC [26] method 976.06, the
nitrogen content was multiplied by a factor of 6.25, and the results were shown as average
± standard deviation (n = 3).
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2.8. Differential Scanning Calorimetry (DSC)

A differential scanning calorimetry equipment (Shimadzu, model DSC-50, Japan) was
used to determine the reaction heat by heat flux (QDSC) data, measuring the temperature
from 23.38 ± 0.10 ◦C (room temperature) to 600 ◦C. Synthetic air (20.00 ± 0.05% oxygen
and 80.00 ± 0.05% nitrogen; White Martins, Rio de Janeiro, RJ, Brazil) was used as oxidizing
gas at a flow rate of 50 mL/min. The heating rates (β) used were 2.5, 5, and 10 ◦C/min,
and the acquisition rate was 12 samples per min. An initial sample mass of 3.14 ± 0.14 mg
was placed in a 6 × 1.5 mm aluminum crucible with a 1 mm pierced lid for each run.

2.9. Thermogravimetric Analysis (TGA)

A thermogravimetric analyzer (readability of 0.001 mg) was used to obtain TGA and
DTG curves (model TGA-50, Shimadzu, Kyoto, Japan). The same flow rates, oxidizing
gas, heating, and acquisition were used for the Differential Scanning Calorimetry (DSC)
analysis. For each run, an initial sample mass of 3.121 ± 0.273 mg was placed in an 8 µL
alumina pan. The TGA/DTG curves were modified by transport phenomena effects using
heating rates higher than 10 ◦C/min [27].

2.10. Detection of Microcystins by LC-MS/MS

The obtained extracts were analyzed for the detection of microcystins, using a liq-
uid chromatograph (Shimadzu Prominence, Kyoto, Japan) coupled to a high-resolution
Quadrupole/Time-of-Flight (QTOF) mass spectrometer (MicroTOF QII, Bruker Daltonics,
MA, USA), with electrospray ionization in positive mode (LC-MS/MS). The chromato-
graphic column used in the separation was Fusion-RP (4 mm, 150 × 2.0 mm; Phenomenex,
Torrance, CA, USA). The mobile phases used were 5 mmol/L of ammonium formate and
0.1% formic acid (A) and acetonitrile (B). The conditions of the ionization source applied
were flow rate of 200 µL/min; linear elution gradient of 10 to 60% in B in 30 min; gas tem-
perature and nitrogen flow of 200 ◦C and 5 mL/min, respectively; nebulizer pressure 35 psi;
capillary voltage of 3500 V, and nozzle voltage of 500 V. The analyses were performed
according to the methods of Bortoli et al. [11].

2.11. Pigment Extraction from Biomass and Cell Cultures

Extractions for pigment analyses were performed according to Sigaud-Kutner et al. [28],
with some adjustments, in a liquid chromatograph LC-10AD (Shimadzu) equipped with
an auto-injector SIL-10A (Shimadzu), a photodiode detector SPD-M10AV (Shimadzu),
and a system controller CBM-10A (Shimadzu). The software class-LC10 recorded and
integrated the detector signal. The analytical standards of the pigment chlorophyll-a, and
the carotenoids myxoxanthin, echinenone, and β-carotene were acquired from DHI (Hør-
sholm, Denmark). The separation of pigments in the samples was performed in a Hibar
LiChrosorb RP-18 column (250 mm × 4 mm; particle size 5 µm; Merck, São Paulo, Brazil),
with a precolumn guard RP-18 (particle size 5 µm, Supelco, São Paulo, Brazil).

2.12. Statistical Analyses

The Shapiro–Wilk test was used to check the normality of the data. Subsequently, the
Student’s t-test was performed to compare the data of M. aeruginosa and bloom material.
The analyses were performed using the SigmaPlot software version 12.5, and statistical
differences were considered when p ≤ 0.05.

3. Results
3.1. Microcystis Aeruginosa LTPNA 01 Growth Curve

The cyanobacterial strain LTPNA 01 initiated its logarithmic growth on the third day
of cultivation. This phase lasted until the 24th day, approximately 1.2 × 107 cells/mL. The
numeric and logarithmic growth curves are illustrated in Figure 1.
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Figure 1. Microcystis aeruginosa LTPNA 01 growth curve in both numeric and log10 scales. Error 
bars denote standard deviation (SD). 
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Figure 1. Microcystis aeruginosa LTPNA 01 growth curve in both numeric and log10 scales. Error bars
denote standard deviation (SD).

3.2. Nutrients and Ash of Microcystis Aeruginosa LTPNA 01 and Bloom Material

Lipids, carbohydrates, and ash were higher for the bloom material than for M. aerug-
inosa LTPNA 01 (p = 0.02; p ≤ 0.001; p ≤ 0.001, respectively). Nitrogen (p = 0.85) and
proteins (p = 0.33) did not show significant differences between the two samples. The data
are shown in Table 1.

Table 1. Comparison of nutrients and ash of Microcystis aeruginosa LTPNA 01 and bloom material
(g/kg of dry weight or %, n = 5, average ± coefficient of variation).

Samples Lipid
(g/kg)

Nitrogen
(g/kg)

Protein
(g/kg)

Carbohydrate
(g/kg) Ash (%)

M. aeruginosa
LTPNA 01 26.0 ± 2.4 42.5 ± 2.2 143.8 ± 8.3 346.6 ± 20.7 22.5 ± 1.5

Bloom material 32.2 ± 4.0 * 42.3 ± 1.5 150.7 ± 12.5 486.4 ± 12.5 * 33.2 ± 0.6 *
* Significant difference by the Student’s t-test (p ≤ 0.05).

3.3. Fatty Acid Composition of Cyanobacterial Samples

The content of saturated fatty acids (FA) was on average 7.5 g/kg (0.75%) for LTPNA
01 and 11.8 g/kg (1.18%) for bloom material; there was no significant difference between
the two samples (p = 0.55). The monosaturated fatty acids in the bloom samples were
approximately seven times higher than for LTPNA 01. The polyunsaturated fatty acids
showed values of 0.22 and 0.24% for LTPNA 01 and bloom, respectively, with no statistically
significant difference (p = 0.25). The content of trans fatty acids was 0.01 and 0.06% for
LTPNA 01 and bloom, respectively. The data are shown in Table 2.

3.4. Thermogravimetric Analyses (TGA)

For both Microcystis LTPNA 01 and the bloom sample, the weight loss during ther-
mogravimetric analysis (TGA) started at 50 ◦C due to water evaporation (Figure 2). The
dehydration process lasted until approximately 180 ◦C. In the derivative of the thermo-
gravimetric (DTG) curves, this stage presented one and two peaks for the strain LTPNA 01
and the bloom sample, respectively. Above 100/150 ◦C up to 200/250 ◦C, no significant
mass release was recorded. The degradation reactions (devolatilization) initiated at around
180 ◦C, accounting for approximately 90 to 20% of sample mass. The DTG curve for the
LTPNA 01 strain (Figure 2A) was characterized by the formation of one well-defined peak,
followed by two “shoulders” and the other two well-defined peaks. The bloom sample
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DTG curve (Figure 2B) was characterized by the formation of two “shoulders” and one
well-defined peak. These responses may indicate that the reaction time was not enough for
a correct representation of the complex thermal decomposition of cyanobacterial biomass.
At 400 ◦C, the decomposition process started, and the weight loss was smaller, accounting
for about 10% of samples’ mass at 600 ◦C. Samples DTG curves presented small peaks
(almost imperceptible for the bloom sample) in this phase.

Table 2. M. aeruginosa LTPNA 01 and bloom material fatty acid composition (g/kg of dry weight,
n = 5, average ± CV).

Fatty Acid M. aeruginosa LTPNA 01 Bloom Material

Saturated
12:00 0.00 ± 0.00 0.11 ± 0.00
14:00 1.94 ± 0.06 2.71 ± 0.28
15:00 0.10 ± 0.01 0.34 ± 0.01
16:00 5.02 ± 0.18 7.99 ± 0.63
18:00 0.48 ± 0.06 0.66 ± 0.63
Total 7.54 11.81

Monounsaturated
16:1n-7 0.12 ± 0.00 0.12 ± 0.00
18:1cn-9 0.45 ± 0.02 4.19 ± 0.53

Total 0.57 4.31

Polyunsaturated
18:2cn-6 0.12 ± 0.01 0.28 ± 0.05
20:2n-6 0.12 ± 0.01 0.00 ± 0.00
20:3n-6 0.41 ± 0.02 0.10 ± 0.00
20:4n-6 0.52 ± 0.02 0.73 ± 0.01
20:5n-3 1.05 ± 0.10 1.26 ± 0.10
Total 2.23 2.37

18:1tn-9 (Trans) 0.14 ± 0.00 0.64 ± 0.00

Ratio n-3/n-6 2.0 1.7
% saturated FA 0.75 1.18

% monounsaturated FA 0.06 0.43
% PUFA 0.22 0.24

% trans FA 0.01 0.06
FA = fatty acids; PUFA = polyunsaturated fatty acids; CV. Acids: 12:00 = lauric; 14:00 = myristic; 15:00 = pentade-
cylic; 16:00 = palmitic; 18:00 = stearic; 16:1n-7 = palmitelaidic; 18:1cn-9 = oleic; 18:2cn-6 = linoleic; 20:2n-6 = eicosa-
dienoic; 20:3n-6 = dihomo-γ-linolenic; 20:4n-6 = arachidonic; 20:5n-3 = eicosapentaenoic; 18:1tn-9 = elaidic.

Energies 2021, 14, x FOR PEER REVIEW 7 of 14 
 

 

 

The bloom sample DTG curve (Figure 2B) was characterized by the formation of two 
“shoulders” and one well-defined peak. These responses may indicate that the reaction 
time was not enough for a correct representation of the complex thermal decomposition 
of cyanobacterial biomass. At 400 °C, the decomposition process started, and the weight 
loss was smaller, accounting for about 10% of samples’ mass at 600 °C. Samples DTG 
curves presented small peaks (almost imperceptible for the bloom sample) in this phase. 

0 100 200 300 400 500 600

20

40

60

80

100

%

Temperature (oC)

 Loss Weight (%)

0.0

0.2

0.4

0.6

0.8

1.0 DTG

dα
/d

t (
m

in
-1
)

0 100 200 300 400 500 600

0

20

40

60

80

100
 Loss Weight (%)

%

Temperature (oC)

0.00

0.25

0.50

0.75

1.00

1.25 DTG

dα
/d

t (
m

in
-1

)
(a) (b) 

 

 
Figure 2. Thermogravimetric curves (TGA) and their derivatives (DTG) for (a) Microcystis LTPNA 01 and (b) a bloom 
sample from 50 to 600 °C. 

3.5. Pigments from Biomass and Cell Cultures 
Liquid chromatography (LC) showed the presence of the photosynthetic pigments 

mixoxanthin (12.29 min), chlorophyll-a (13.02 min), echinenone (26.32 min), and β-
carotene (28.44 min) in both the strain LTPNA 01 and the bloom material (Figure 3). Table 
3 lists the pigment contents by dry weight (nmol/g of DW) in both LTPNA 01 and bloom, 

Figure 2. Thermogravimetric curves (TGA) and their derivatives (DTG) for (a) Microcystis LTPNA 01 and (b) a bloom
sample from 50 to 600 ◦C.



Energies 2021, 14, 3013 7 of 12

3.5. Pigments from Biomass and Cell Cultures

Liquid chromatography (LC) showed the presence of the photosynthetic pigments
mixoxanthin (12.29 min), chlorophyll-a (13.02 min), echinenone (26.32 min), and β-carotene
(28.44 min) in both the strain LTPNA 01 and the bloom material (Figure 3). Table 3 lists
the pigment contents by dry weight (nmol/g of DW) in both LTPNA 01 and bloom, all
showing significant differences: myxoxanthin (p = 0.02), Chl-a (p ≤ 0.001), echinenone
(p = 0.002), and β-Car (p ≤ 0.001).
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Figure 3. Chromatograms of the analytical standards of (a) photosynthetic pigments, (b) Microcystis
aeruginosa LTPNA 01 (b), and (c) a bloom sample collected in the field. Retention time (minutes):
4.05 (unidentified pigment); 12.29 (mixoxanthin); 23.02 (chlorophyll-a); 26.32 (echinenone), and 28.44
(β-carotene).



Energies 2021, 14, 3013 8 of 12

Table 3. Pigments content in the cells of the LTPNA 01 strain and the bloom sample: myxoxanthin,
echinenone, chlorophyll-a, and β-carotene by dry weight (nmol/g of DW).

Pigment LTPNA 01 Bloom Sample

Myxoxanthin 61.30 ± 8.64 89.37 ± 9.00 *
Chlorophyll-a 146.93 ± 6.15 454.60 ± 42.00 *

Echinenone 47.23 ± 0.95 55.90 ± 1.90 *
β-carotene 91.43 ± 4.32 146.90 ± 4.40 *

Asterisk marks (*) indicate significant differences between the bloom sample and LTPNA 01 strain.

3.6. Detection of Microcystins by Liquid Chromatography Coupled to Mass Spectrometry
(LC-MS/MS)

No microcystins were detected in both Microcystis LTPNA 01 and the bloom sample.

4. Discussion

Marine and freshwater algae have been extensively studied for energy production.
For example, green algae are widely used to produce biofuels due to the many benefits
they offer, including mitigating the greenhouse effect [29]. This feature also applies to
cyanobacteria, as numerous studies have shown the biotechnological potential of their
biomass for energy production and their bioactive compounds in the pharmaceutical and
food industries [30–32]. One of the concerns with cyanobacteria is their ability to produce
toxic substances, called cyanotoxins, which are pharmacologically classified as neurotoxins,
hepatotoxins, cytotoxins, and toxins that irritate by contact (lipopolysaccharides) [33]. One
of the best-known toxins is microcystin produced by some strains of the species Microcystis
aeruginosa. However, this toxin was not detected through LC-MS/MS analysis either in
the M. aeruginosa LTPNA 01 strain used in this work or the bloom collected in the field. In
addition, in a previous study, no genes expressing the production of microcystins (i.e., mycs
genes) were found in this strain. The mycs’ genes were analyzed by RT-PCR according to
Risseti [34] (Doctoral Thesis) protocols. Details of how the microcystin genes involved in
its biosynthesis were detected and data are presented in the Doctoral Thesis of Dr. Carolina
Hoff Risseti cited herein (https://teses.usp.br/teses/disponiveis/64/64133/tde-18012013
-142454/en.php).

Lipids, proteins, carbohydrates, ashes, and moisture are mainly found in the chemical
composition of algae and cyanobacteria. According to Kim et al. [29], these compounds’
concentration will depend on the species and the culture conditions (i.e., temperature,
light, and nutrients). In general, our results show good quality and quantity of fatty
acids, proteins, and carbohydrates, indicating a potential biotechnological use. They also
corroborate with the investigation performed by Chen et al. [9], in which the biomass
of Microcystis spp. showed a potential nutritional value (e.g., carbohydrates, proteins,
fatty acids, lipids, pigments, antioxidants, vitamins, and minerals). According to Der
Poel et al. [17], nutritional levels (e.g., fatty acids, proteins, carbohydrates, lipids, ash, and
carotenoids) must be characterized to identify a potential candidate for the production of
feed. In our work, it was possible to characterize these chemical and biochemical properties
in the cyanobacterial biomass and the LTPNA 01 strain. Therefore, given their nutritional
composition and the absence of microcystins in samples, they may be recommended for
use as an additive in animal feed (especially for small ruminant animals,), thus contributing
to their nutritional supply (e.g., lipids, ash, proteins, and carbohydrates) [35,36]. In a recent
study, the addition of increasing doses of marine microalgae (Schizochytrium) meal up to
6% of the total diet in Ile de France lambs was evaluated [37]. The authors observed a
reduction in some of the animal’s parameters (dry matter intake, performance, and feeding
efficiency) and increased meat lipid oxidation. However, there was also an improvement
in meat quality (increased concentrations of some fatty acids and reduced level of total
cholesterol), confirming that marine microalgae meal could be used as feed ingredient for
meat quality and livestock production. Therefore, even the non-toxic M. aeruginosa (from

https://teses.usp.br/teses/disponiveis/64/64133/tde-18012013-142454/en.php
https://teses.usp.br/teses/disponiveis/64/64133/tde-18012013-142454/en.php
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the bloom and LTPNA 01 strain) could exhibit these features, even though biomass doses
still need to be further investigated to confirm their potential use.

The pigments found in good percentages in both samples (mixoxanthin, chlorophyll-a,
echinenone, and β-carotene) are fundamental for the organism’s functioning, including
photosynthetic processes. Proteins are also essential for algae and cyanobacteria, as they
are involved in various processes in these organisms, such as growth, repair, and cell main-
tenance, acting in the defense against invaders, and functioning as chemical messengers.
Therefore, it is crucial to have a protein content that guarantees all cellular functional-
ities [38]. However, the protein content in the strain LTPNA 01 (14.38%) or the bloom
(15.07%) was lower than the values found in the filamentous cyanobacteria Arthrospira
platensis (61.70%) [38] and the green microalgae Chlamydomonas reinhardtii wild type (47.4%),
C. reinhardtii CW15 + (45.7%), and Chlorella vulgaris (54.9%) [39].

In addition to needing light, carbon, and water for photosynthetic processes, algae
and cyanobacteria need inorganic nutrients (i.e., nitrogen, phosphorus, and potassium) for
various metabolic functions, such as essential biomolecules reproduction and synthesis
including cellular proteins. Thus, the nitrogen concentration is proportional to the protein
content, since it is part of the amino acid composition. The nitrogen content in the strain
LTPNA 01 (4.25%) and the bloom (4.23%) was lower than the values found in A. platensis
(10.38%) [38], C. reinhardtii wild type (10.7%), and C. reinhardtii CW15 + (11.1%), and C. vul-
garis (6.7%) [39]. The carbohydrate content in the strain LTPNA 01 (34.66%) was similar
to the value found in A. platensis (30.78%) [38] and higher than C. vulgaris (20.99%) [40],
which are both lower than the bloom sample (48.64%).

The total contents of lipids in the LTPNA 01 strain (2.60%) and the bloom material
(3.22%) were close to the value reported by Almeida et al. [38] for C. vulgaris (3.22%)
but higher than those found in A. platensis (0.8–1.15%) [38,40] and the microalgae Mono-
raphidium sp. [41]. However, Kebelmann et al. [39] found higher values of lipid content in
C. reinhardtii wild type (18.1%), C. reinhardtii CW15 + (22.4%), and C. vulgaris (15.5%). Such
a great variability should undoubtedly be ascribed to the different culture conditions, since
it is known that the lipid content in microalgae increases considerably under conditions of
nitrogen shortage or environmental stress [42,43]. According to Almeida et al. [38], the low
content of lipids in microalgae may be inappropriate for producing biofuels through the
transesterification process of fatty acids, which is the most common process studied in the
literature for the production of biofuel.

On the other hand, the ash content in both the LTPNA 01 strain (22.5%) and the
bloom material (33.2%) was remarkably higher than the values found in C. vulgaris (4.66%),
A. platensis (6.37–7.94%) [38,44], and Chlorella pyrenoidosa (5.7%) [45].

Thermal degradation of microalgae and cyanobacteria occurs in three main steps,
namely dehydration, devolatilization, and decomposition. For the microalgae Nannochlorop-
sis sp., these steps occurred in the temperature ranges 25–180 ◦C, 180–540 ◦C, and 540–
800 ◦C, respectively [46], while for the species C. vulgaris and A. platensis, they occurred at
25–130 ◦C, 130–480 ◦C, and 480–900 ◦C [38]. Both the LTPNA 01 strain and bloom sample
used in the present study showed thermogravimetric curves with profiles similar to those
reported in the above studies. Particularly, the dehydration process occurred between
50 and 180 ◦C, the devolatilization reactions occurred between 180 and 400 ◦C, and the
decomposition started at 400 ◦C, reaching around 10% of the samples’ mass at 600 ◦C. In
the dehydration step, free water and water weakly bound to the biomolecules evaporated.
In the devolatilization step, the main cell components (proteins, carbohydrates, and lipids)
were decomposed [38], while the sample residue was carbonized in the decomposition (or
carbonization) one. Despite the similarities in the TGA of our samples, some differences
are more evident in the DTG curves. Although the main cell components are the same,
the TGA/DTG curves profiles may vary between different microalgae and cyanobacteria
species [38]. The bloom sample probably contained other species of these organisms be-
sides M. aeruginosa, which, in addition to variations in their nutrients composition, could
explain the differences observed between the samples.
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5. Conclusions

In conclusion, liquid chromatography coupled to mass spectrometry analysis showed
that the bloom sample and the isolated M. aeruginosa strain (LTPNA 01) did not contain
microcystins, which is one of the cyanotoxins classes. It was also demonstrated that the
cell material might be used as an energy source (either by burning or producing biofuels)
despite its low burning power. Moreover, fractions of the bloom and the isolated strain
have quality and quantity of carotenoids, fatty acids, proteins, and carbohydrates that
suggest a better destination than the bottom of the reservoirs. Therefore, both the biomass
and LTPNA 01 strain can be considered a protein and carbohydrate source similar to the
energy use of some microalgae species as biomass fuel. It could also be used as an additive
for animal feed; however, safety and health investigations and assessments are required
before its use.
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