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Introduction 
 

Microalgae are one of the most important 

natural and alternative sources of valuable 

biomolecules that could meet the growing 

needs in food, energy, etc. (Barka and Blecker 

2016). Microalgae have a higher level of 

productivity than traditional crops and can be 

grown in different climatic conditions, such as 

desert and coastal areas (Christaki et al., 

2011). Several authors stress that microalgae 

could be an appropriate alternative feedstock 

for next generation biofuels for replacing or 

complementing current sources, such as 
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Microalgae may be considered as the main alternative source of valuable 

biomolecules for several commercial applications, such as food and energy. This 

study sought to evaluate photosynthetic microorganisms isolated from fresh water 

in mangrove areas of southern Coast of Sao Paulo State (Brazil). After cultivation 

in Erlenmeyer flasks, 9 green algae and 2 cyanobacteria strains had their biomass 

analyzed in terms of total protein, lipid contents, and fatty acids profile. Total 

protein content varied in the range of 13.25 to 32.47% and total lipid content 

varied in the range of 15.27 to 38.11%. Among several fatty acids, palmitic acid 

(C16:0), linoleic acid (C18:2n6), and 𝛾-linolenic acid (C18:3n6) were the most 

abundant ones. Depending on the strain, not only protein for food supplement can 

be obtained but also polyunsaturated fatty acid for nutraceutical or saturated lipids 

for biodiesel could be obtained from these isolated microalgae. 
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rapeseed, soybean, sunflower and palm 

(Chisti 2007; Gouveia and Oliveira 2009; 

Huang et al., 2010). On the other hand, 

microalgae are also highlighted for the 

number of bioactive compounds (fatty acids, 

carotenoids, vitamins, proteins, etc.) that 

could be provided by its biomass to be used in 

food, cosmetics and pharmaceutical industries 

(Olaizola 2003; Pulz and Gross 2004; 

Gouveia et al., 2009; Matos et al., 2017). 

 

Up to date, more than 30,000 microalgae 

species have been classified (Norton et al., 

1996). However, commercial attainments of 

microalgal biotechnology seems to be very 

modest, since few hundred of microalgal 

species have been studied for biochemical 

content and a couple of them have been 

cultivated in commercial scale (Olaizola 

2003). 

 

The aim of this study was to evaluate the 

potential of microalgae as source of oil rich 

biomass. 9 (nine) green algae and 2 (two) 

cyanobacteria strains were isolated from fresh 

water in mangrove areas of Southern Coast of 

Sao Paulo State, and cultivated in the 

laboratory for analyzing lipid content and 

fatty acids profile. 

 

Materials and Methods 

 

Sample collection and isolation  

 

Using sterile glass bottles (1 ~ 2 L), fresh 

water samples were collected in different 

mangrove areas within “Serra do Mar” State 

Park located in the cities of Cananeia 

andPeruíbe (Southern Coast of Sao Paulo 

State – Brazil). Geographical coordinates are 

shown in Table 1. Concomitantly with the 

collection of samples, temperature and pH 

(pH-indicator strips; Merck) were measured. 

 

At the laboratory, water samples (containing 

microalgae species) were used to inoculate 

enriched standard culture media: BOLD 

(UTEX n.d.), CHU (UTEX n.d.), Schlösser 

(Schlösser 1982), and F/2  (Guillard and 

Ryther 1962).  When the culture became 

visually greenish, the isolation took place by 

combining micropipette method and streaking 

cell across agar plates (Andersen and 

Kawachi 2005).  

 

Isolates identification 

 

Identifications were based on microscopic 

morphology of the individual cells and 

colonial characteristics. under light 

microscope (Olympus system microscope 

model BX51) and images were captured with 

camera Olympus SC30. 

 

Cultivation of isolate strains 

 

All the isolated strains were cultivated in 

BOLD medium, with the exception of 

cyanobacterial strains, which have grown in 

Schlosser medium. These photosynthetic 

microorganisms were grown in 6L 

Erlenmeyer flasks containing 3 L of culture 

medium. Filtered air was continuously 

injected with the use of air stone diffuser. 

Room temperature was adjusted to 25 
o
C and 

30W fluorescent lamps were positioned above 

the flasks for providing light intensity of 60 

µmol photons.m
-2

.s
-1

. Initial pH was adjusted 

to 7.0. Cell growth was indirectly measured 

by optical density at 550 nm (Becker 1994) 

using a spectrophotometer (Femto 700 Plus). 

Cultivation was ended when optical density 

values showed to be stable. 

 

Microalgal biomass evaluation 

 

At the ended of each cultivation, biomass was 

recovered by centrifugation, washed twice 

with distilled water, and dried at 55 
o
C for 

12h. Dry biomass was submitted to 

determination of total lipids, employing 

organic solvents (chloroform:methanol 2:1, 
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v/v) in Soxhlet extractor (Piorreck et al., 

1984; Olguín et al., 2001).  Lipid fraction, 

recovered with petroleum ether, was 

submitted to analysis of fatty acids content, 

after conversion to corresponding methyl 

esters (Hartman and Lago 1973). The analysis 

of fatty acid methyl esters (FAME) was 

performed in a gas chromatograph (Agilent 

Model 7890 CX) in accordance with 

Rodrigues-Ract and Gioelli (Ract and Gioielli 

2008) and Perez-Mora et al., (Pérez-Mora et 

al., 2016). FAME components were identified 

by comparing their retention time with the 

standard 37 FAME mix (Supelco). 

 

Additionally, total protein content was 

analyzed by the Kjeldahl method, using factor 

6.25 for converting from total nitrogen 

content (AOAC 1984). 

 

Results and Discussion 

 

Table 1 shows data from collection sites, 

where it is possible to see that pH values were 

within 6.5 and 7.0 and temperature values 

were in the range 21.5~24.5. At the laboratory 

(in the same day), samples were used to 

inoculate 4 different medium generally used 

for the cultivation of microalgae: BOLD 

(UTEX n.d.), CHU (UTEX n.d.), Schlosser 

(Schlösser 1982), and F/2  (Guillard and 

Ryther 1962). Within 2 or 3 weeks, some of 

the cultures became greenish, indicating 

microalgal growth. More intense color was 

presented in medium BOLD and Schlosser.  

 

These mixed cultures were used for isolation 

of 11 microalgae strains (9 from 

chlorophyceae group and 2 from 

cyanobacteria group). The identification of 

each strain was performed by microscopic 

identifications based on morphological 

characteristics, and the results are shown in 

Table 2.Figure 1 shows isolated microalgal 

strain from Estação Ecológica Juréia-Itatins 

(Ubatuba - S.P.) and Parque Estadual da Ilha 

do Cardoso (Cananéia - S.P.).  All these 

strains were deposited in the Culture 

Collection of Freshwater Microalgae of the 

Federal University of São Carlos (CCMA-

UFSCar). Some of the main characteristics 

are presented below: 

 

Synechocystis salina (Sauvageau 1892)(Fig. 

1A). Unicellular, slightly widely oval 

to cylindrical. Cell division in two 

perpendicular planes in successive 

generations. Daughter cells grow until 

reaching the original size and shape of 

the mother cell before next binary 

fission. 

Monoraphidium circinale (Komárková-

Legnerová 1969) (Fig. 1B). Crescent-

shaped cells with elongate ends, 

without mucilaginous envelope.  

Smooth cell walls. Uninucleate cells 

with a parietal chloroplast. 

Synechocystis salina (Sauvageau 1892)(Fig. 

1C). Agglomerated or solitary cells 

without common mucilage. Spherical 

or oval cells.  Daughter cells separate 

quickly after division and grow to the 

original size and shape of mother cell 

before next binary fission. 

Chlorella vulgaris (Beijerinck 1890) 

(Fig.1D). Colonies are formed by 

spherical cells and without mucilage. 

Only one parietal chloroplast for each 

single cell. 

Chlorella sp. (Beijerinck 1890)(Fig.1E). 

subspherical or ellipsoid cells with a 

parietal chloroplast. 

Chlorella minutissima (Fott and Nováková 

1969) (Fig.1F). This species of the 

genus Chlorella can be distinguished 

from other Chlorella species by its 

small size (this difficult to see cell 

details).  Spherical to oval  cells are 

bounded by a thin cell wall, containing 

a single nucleus and a chloroplast. 

Chlorella sp. (Beijerinck 1890) (Fig.1G). 

Colonies are formed by spherical cells 
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and without mucilage and another 

solitary cells. Only one parietal 

chloroplast  for each single cell. 

Sporangia with different numbers of 

autospores. 

Chlorella sp. (Beijerinck 1890) (Fig.1H). 

Spherical to subspherical cells, single 

or forming colonies. One parietal 

chloroplast. 

Coenochloris sp. (Korshikov 1953) (Fig.1I). 

Spherical or oval to cylindrical cells, 

with smooth cell walls. Uninucleate 

cells, with parietal cup-shaped or lobed 

chloroplast. 

Choricystis cf. guttula(Fott 1976; Hindák 

1980) (Fig. 1J). Oval to reniform or 

pyriform cells, with smooth cell walls, 

without mucilage envelope. 

Uninucleate cells with one parietal 

chloroplast and complete absence of 

pyrenoids in the chloroplasts. 

Chlorella minutissima (Fott and Nováková 

1969) (Fig. 1K). Small, spherical, and 

oval cells, bounded by a thin cell wall, 

with a single nucleus and a chloroplast. 

 

Isolated strains were cultivated in 6L 

Erlenmeyer flasks with 3L of BOLD medium 

(microalgae) or Schlosser medium 

(cyanobacteria). When stationary phase took 

place (20 ~ 30 days), each biomass was 

harvested, dried and submitted to analysis of 

total lipid content and total protein content 

(Table 3). Total lipid content varied in the 

range 15.27% to 38.11%. Isolates C1-Ci 

(Synechocystis salina), C3-CA 

(Monoraphidium circinale) and J1-2A 

(Choricystiscf. guttula) showed lipid content 

higher than 30%, in a biomass obtained in not 

optimized conditions for obtaining single cell 

lipids. There are several studies in the 

literature showing that it is possible to 

manipulate cultivation conditions aiming to 

increase lipid content in biomass(Chen et al., 

2013; Ochsenreither et al., 2016). These 

strains represent good candidates for studies 

about optimization of cultivation conditions 

with this purpose. 

 

With biotechnological approaches, cell lipid 

content may be increased, reaching values 

much higher than that observed in plants used 

for the production of biodiesel, like soybean 

and oil palm(Chisti 2008). 

 

According to Becker (Becker 1994), high 

protein content was one of the main reasons 

for considering photosynthetic micro-

organisms as source of protein. In the isolates 

of the present study, total protein content 

varied from 13.25% to 32.47%. These values 

may be considered as very low, comparing 

with values pointed out by Becker (Becker 

1994) or Barka & Blecker(Barka and Blecker 

2016). However, further studies related to 

adequate provision of nitrogen source could 

allow the increase in protein content of these 

microalgae, as stressed by Matsudo et al., 

(Matsudo et al., 2012) in the continuous 

cultivation of the cyanobacterium Arthrospira 

platensis. 

 

Lipid fraction was recovered in petroleum 

ether and, after conversion to corresponding 

methyl esters, gas chromatograph was 

employed for the analysis of fatty acid methyl 

esters (FAME). The fatty acids profiles of 

each isolate species are presented in Table 4. 

It is possible to observe that palmitic acid 

(C16:0), linoleic acid (C18:2n6) and 𝛾-

linolenic acid (C18:3n6) were present in all 

isolates. Guedes et al., (Guedes et al., 2011) 

also showed that these three fatty acids were 

the most abundant ones in Chlorella vulgaris 

biomass.  
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Table.1 Collection sites at Estação Ecológica Juréia-Itatins (J) in the city of Peruíbe(S.P.) and 

Parque EstadualIlha do Cardoso (C) in the city of Cananéia (S.P.) 

 

Collection 

site 

Date / Time Temperature pH Latitude S Longitude W 

J1 05/25/2012 / 9:40 24.5 ºC 7.0 -24.557 -47.229 

J2 05/25/2012 / 10:07 21.5 ºC 6.5 -24.530 -47.191 

J3 05/25/2012 / 10:56 23.0 ºC  6.5 ~7.0 -24.467 -47.113 

J4 05/25/2012 / 11:37 23.5 ºC 6.5 ~ 7.0 -24.436 -47.093 

C1 06/03/2012 / 11:11 23.0 ºC 7.0 -25.0773 -47.9388 

C3 06/03/2012 / 12:09 23.5 ºC  7.0 -25.0195 -47.9271 
J1: Verde River; J2: Grajaúna River; J3: Barra Velha River; J4:  Una River; C1: Sítio Grande River; C3: Olaria River. 

 

Table.2 List of isolates from Estação Ecológica Juréia-Itatins (J) in the city of Peruíbe (S.P.) and 

Parque Estadual da Ilha do Cardoso (C) in the city of Cananéia (S.P.) 
 

Ourcode Organism Medium Phylum Accesion number
1
 

C1-Ci Synechocystis salina BOLD Cyanobacteria CCMA-UFSCar 691 

C3-CA Monoraphidium circinale BOLD Chlorophyta CCMA-UFSCar 690 

J2-5A-i2 Synechocystis salina BOLD Cyanobacteria CCMA-UFSCar 692 

J2-C2A-i2 Chlorella vulgaris BOLD Chlorophyta CCMA-UFSCar 689 

J3-9A Chlorella sp. BOLD Chlorophya CCMA-UFSCar 700 

J4-3B Chlorella minutissima SCHLÖSSER Chlorophyta CCMA-UFSCar 708 

J2-3B Chlorella sp. BOLD Chlorophyta CCMA-UFSCar 706 

J2-4A Chlorella sp.  BOLD Chlorophyta CCMA-UFSCar 709 

J3-10B Coenochloris sp.     BOLD Chlorophyta CCMA-UFSCar 707 

J1-2A Choricystis cf. guttula BOLD Chlorophyta CCMA-UFSCar 710 

J1-1B Chlorella minutissima SCHLÖSSER Chlorophyta CCMA-UFSCar 705 
1
: Culture Collection of Freshwater Microalgae - Federal University of São Carlos - Brazil 

 

Table.3 Total lipid and total protein contents in the biomass of isolated strains 
 

Strain Total Lipid 

(%) 

Total Protein 

(%) 

C1-Ci: Synechocystis salina 38.11 ± 1.81 25.90 ± 0.54 

C3-CA: Monoraphidium circinale 32.27 ± 0.34 26.98 ± 2.20 

J2-5A-i2: Synechocystis salina 17.09 ± 0.41 21.82 ± 2.81 

J2-C2A-i2: Chlorella vulgaris 25.89 ± 1.17 13.25 ± 1.73 

J3-9A: Chlorella sp. 28.54 ± 1.60 22.58 ± 2.63 

J2-3B: Chlorella sp. 18.97 ± 2.13  22.38 ± 1.20 

J2-4A: Chlorella sp. 22.69 ± 0.6 24.61 ± 0.12 

J3-10B: Coenochloris sp. 19.20 ± 1.13 17.23 ± 1.49 

J1-1B: Chlorella minutissima 15.27 ± 1.40 27.79 ± 1.86 

J4-3B: Chlorella minutissima 16.34 ± 4.60 21.35 ± 0.34 

J1-2A: Choricystis cf. guttula 35.89 ± 5.78 32.47 ± 0.83 
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Table.4 Fatty acids profiles found in the isolated species 

 

Fatty 

acid  (%)
a
 

Synechocystis 

salina 

C1-Ci 

Monoraphidium 

circinale 

C3-CA 

Synechocystis 

salina 

J2-5A-i2 

Chlorella 

vulgaris 

J2-C2A-

i2 

Chlorella 

sp. 

J3-9A 

Coenochloris 

sp. 

J3-10B 

Chlorella 

minutissima 

J4-3B 

Choricystis cf. 

guttula J1-2A 

Chlorella 

minutissima 

J1-1B 

Chlorella 

sp. 

J2-3B 

Chlorella 

sp. 

J2-4A 

C11:0 - - 5.10  - - 0.85  - - - 1.09 - 

N.I.
b
 - - 3.24  - - - - - - - - 

C12:0 - - - - - - - 3.58 - 0.46 1.43  

C16:0 30.85 22.61 53.73 28.33  24.59  29.01 16.83  21.43  26.74 26.22 23.16 

N.I.
b
 - 3.68 - - - 6.93  7.56 - - - 13.32 

C16:1 - - 6.87  2.36  - - - - - - - 

N.I.
b
 - 3.82 - 1.67  9.29  - 17.50 3.98 16.98 10.68 - 

C17:1 - - - 4.70  9.33  5.66  - 1.78 - 4.66 6.04 

N.I.
b
 9.57 6.60 - 1.89  - - - - - - 3.12 

C18:0 - - - - - - - 3.79 1.69  - - 

C18:1n9c 12.22 21.85 5.99  36.19  5.32  6.18 3.69 31.93 15.97 4.09 - 

C18:2n6c 17.01  20.84 14.29  9.73  29.63  31.79 45.63 24.29 31.09 35.00 35.24 

C18:3n6 24.74 16.10 1.47  13.26  21.86  17.28 8.82 9.4 7.54 14.29 14.66 

N.I.
b
 5.63 4.50 - 2.27  - - - - - - - 

C20:3n6 - - - - - 2.32  - - - 3.53 3.06 
a
 Percentage of fatty acids relative to the total content (weight/weight). 

b
 Unidentified compound. Absent in 37 MIX patterns. 

C11:0 undecanoic acid; C12:0 lauric acid; C16:0 palmitic acid; C16:1 palmitoleic acid; C17:1 cis-10-heptadecenoic acid;  

C18:0 stearic acid; C18:1n9 oleic acid; C18:2n6 linoleic acid; C18:3n6 𝛾-linolenic acid; C20:3n6 eicosatrienoic acid. 

- : Not detected 

 



Int.J.Curr.Microbiol.App.Sci (2020) 9(6): 1293-1302 

 

1299 

 

 
Figure.1 Photomicrographsofisolatedmicroalgalstrainfrom Estação Ecológica Juréia-Itatins 

(Ubatuba - S.P.) and Parque Estadual da Ilha do Cardoso (Cananéia - S.P.).A: Synechocystis 

salina; B: Monoraphidium circinale; C: Synechocystis salina ;D : Chlorella vulgaris; E: 

Chlorella sp.; F: Chlorella minutíssima; G: Chlorella sp.; H: Chlorella sp.; I: Coenochloris sp.; 

J: Choricystiscf. guttula; K: Chlorella minutissima 

 
 

Linoleic acid (C18:2n6) is known to be 

essential fatty acid for humans, and it reached 

values over 30% in J3-10B (Coenochloris 

sp.), J1-1B (Chlorella minutissima), and J2-

3B (Chlorella sp.), and over 45% in J4-3B 

(Chlorella minutissima). -linolenic acid 

(C18:3) reached values over 20% in C1-Ci 

(Synechocystis salina) and J3-9A-B 

(Chlorella sp.). The importance of these 2 

fatty acids (linoleic acid and -linolenic acid) 

is justified by the fact that they are precursors 

of arachidonic acid, which in turn participate 

in the synthesis of eicosanoids in human body 

(Verlengia and Lima 2002).  

 

Eicosanoids, produced with the use of -6 

fatty acids, are biochemical mediators in 

processes related to inflammation, infection, 

tissue injury, immune system modulation, and 

platelet aggregation (Kus et al., 2011). 
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Although -linolenic acid may be synthesized 

in human body by the linoleic acid, an 

enzyme deficiency in delta-6- desaturase may 

result in the need of supplementation of this 

fatty acid (Horrobin 1992). Linoleic acid has 

been discovered as essential fatty acid in no 

more than a century ago and, since then, it has 

been exhaustively studied concerning health 

benefits.  
 

Moreover, its concentration is very low in 

meat, milk and their derivatives for attaining 

these benefits(Santos-zago et al., 

2008).Therefore, microalgal biotechnology 

seems to be a very promising technology to 

meet the probably increasing demand in the 

future. 

 

Considering the application in biodiesel, it is 

well known that saturated fatty acids is 

preferable than unsaturated fat acids mainly 

because of superior oxidative stability (Hu et 

al., 2008). In this sense, the isolate J2-5A-i2 

(Synechocystis salina) seems to be one of the 

best strains for this application, since more 

than 50% of its fatty acids are saturated, 

although its lipid content is one of the lowest 

in this study. 

 

In the present work, nine green algae and two 

cyanobacteria strains were isolated from fresh 

water in mangrove areas of southern Coast of 

Sao Paulo State (Brazil). By the biochemical 

analyses of their biomass, it was possible to 

observe total protein content in the range of 

13.25 to 32.47% and total lipid content in the 

range of 15.27 to 38.11%. Among several 

fatty acids, palmitic acid (C16:0), linoleic 

acid (C18:2n6), and 𝛾-linolenic acid 

(C18:3n6) were the most abundant ones. 

Depending on the strain, not only protein for 

food supplement can be obtained but also 

polyunsaturated fatty acid for nutraceutical or 

saturated lipids for biodiesel could be 

obtained by these isolated microalgae. 
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