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ABSTRACT
The production of biomass by microalgae is considered a clean alternative compared to other plant crops 
that require large areas for cultivation and that generate environmental impacts. This study evaluated the 
influence of temperature and nutrients on lipid contents of cultured species of freshwater microalgae, with 
a view toward using these lipids for biodiesel production. Two strains of Monoraphidium contortum, a 
culture containing Chlorella vulgaris and Desmodesmus quadricauda and another strain of Microcystis 
aeruginosa were maintained in the laboratory for six days, in five culture media: modified ASM-1 (control, 
with high concentrations of phosphate and nitrate; phosphorus-deficient; non-limiting phosphate; nitrogen-
deficient; and non-limiting nitrate). The cultures were then exposed to temperatures of 13°C, 25°C (control) 
and 37°C for eight days (n=3). Lipids were extracted by the cold-solvent (methanol and chloroform) 
method. On average, the highest total lipid yields were observed when the strains were maintained at 13°C 
and in the non-limiting nitrate medium. The lipid percentage varied depending on the concentration of algal 
biomass. This study showed that manipulation of controlling factors can increase the lipid concentration, 
optimizing the total production in order to use this raw material for biodiesel.
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INTRODUCTION

The extensive use of fossil fuels is considered 
unsustainable because of its finite nature and the 
accumulation of carbon dioxide in the atmosphere 
(Plá 2002, Borges et al. 2007, Walker 2009, 
Goldemberg 2009). From this, comes the need for 
effective options to replace these fuels with viable 
alternatives that are renewable, clean, inexpensive 
and sustainable. Several plant-based materials have 
been tested, including corn, soy, canola and palm 
oil, among others (Chisti 2007, Cheng et al. 2009). 

However, these crops require large areas of planted 
land to provide significant amounts of biomass for 
fuel production, which reduces land availability for 
food crops.

In view of these difficulties, microalgae appear 
to be an excellent choice. These simple, unicellular, 
photosynthesizing organisms have been identified 
as a sustainable alternative in the search for raw 
materials to produce alternative fuel (Smith et 
al. 2010, Huang et al. 2010, Mata et al. 2010). 
They have short life cycles and can double their 
biomass in 24 hours when nutritional conditions 
are appropriate, and nitrogen (N) and phosphorus 
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(P) are among the most important resources needed 
to produce them (Haag 2007). This rapid growth 
allows aliquots of cultures to be removed daily for 
lipid extraction.

Studies in several parts of the world have 
revealed the main advantages and disadvantages 
of the use of algae as sources of energy (Brennan 
and Owende 2010). The rapid replication and 
high percentage of oil present in many species of 
algae, reaching about 80% of their biomass, are 
some of these advantages (Sporalore et al. 2006, 
Chisti 2007, Harwood and Guschina 2009). Also, 
unlike other plants, algae do not require large areas 
for cultivation, and can be up to 20 times more 
productive per unit area than the top oilseed crops 
(Chisti 2007). However, large-scale cultivation in 
the laboratory is also costly since it is necessary 
to control conditions of light, carbon dioxide and 
nutrients, and especially the amount of nitrogen 
present in the culture medium, because this element 
is responsible for forming lipids. This is one of the 
few disadvantages of using these organisms.

There is a need to identify the biochemical 
and environmental factors that could accelerate 
and promote the accumulation of oil (Chisti 
2007). Algae differ in the amount of fatty acids 
biosynthesized, even among strains of the same 
species (Aquarone et al. 1983), and therefore 
proper culture conditions are very important for 
the synthesis of fats. It is possible to divert the 
biosynthetic metabolism to lipid synthesis through 
changes in culture conditions, thus obtaining fats as 
the main constituent instead of proteins (Aquarone 
et al. 1983). In other words, by manipulating the 
temperature and the chemical composition of 
the culture medium, it is possible to increase the 
production of lipids (Behrens and Kyle 1996, 
Mandal and Mallick 2009). One study showed that 
N deficiency increased the lipid content of a culture 
of Chlorella by 63% (Illman et al. 2000). P limitation 
also appears to stimulate lipid accumulation, as 
found by Rhee (1978); i.e., the lipid content was 

higher when P was unavailable. However, most 
studies have found that N deficiency produces a 
higher percentage of lipid than P deficiency (Illman 
et al. 2000, Mandal and Mallick 2009, Feng et 
al. 2012). With respect to temperature, one study 
determined that raising the temperature from 30°C 
to 42°C increased the lipid content of the blue-
green alga Spirulina maxima (Paoletti et al. 1980). 

In view of the limited knowledge on the 
physiology of many species of algae that could 
potentially be used for energy production, a good 
choice is the cosmopolitan microalgae, such as 
species of Chlorophyceae, which are easy to grow 
and commonly found in plankton samples. Species of 
Chlorella have been considered promising candidates 
for commercial production of biodiesel, because the 
growth rate and lipid content of many strains can reach 
high levels. Furthermore, accumulated knowledge 
and experience indicate that members of this genus 
can be useful in biofuel production (Feng et al. 2012). 
In comparison, cyanobacteria have been studied for 
a relatively short period, although they have high 
potential for biomass production, as illustrated by 
their blooms, which create numerous problems in 
reservoirs, especially for drinking-water supply. 
However, there are still divergences with regard to 
the cause and consequence of particular factors in the 
development of cyanobacteria (Dantas et al. 2011).

This study followed the hypothesis that mani
pulations of temperature and N and P concentrations 
can help to optimize production. We evaluated 
the effects of manipulating temperature and nu
trients on lipid content in the cultured freshwater 
microalgae species Monoraphidium contortum 
(Thuret) Komàrková-Legnerová, Chlorella vulgaris 
Beijerinck, Desmodesmus quadricauda (Turpin) 
Brébrisson and Microcystis aeruginosa Kützing, with 
a view to their future use in biodiesel production.

MATERIALS AND METHODS

Four strains were used in this study. Strains 
LECV-1 and LECV-2 were both Monoraphidium 
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contortum, isolated from the cities of São Leopoldo 
and Porto Alegre, which are located 50 km distant 
from each other in southern Brazil. Culture LECV-
3, containing the species Chlorella vulgaris and 
Desmodesmus quadricauda, was isolated from an 
impoundment in the city of São Leopoldo, southern 
Brazil. Strain LEA-04, containing Microcystis 
aeruginosa, was provided by the Laboratory of 
Aquatic Ecology of the Federal University of Juiz de 
Fora, Minas Gerais, southeast Brazil. The cultures 
were maintained in 250-ml Erlenmeyer flasks 
containing 100 ml of ASM-1 modified medium 
(Aguiar and Azevedo in CETESB 1992), under 
controlled conditions (25°C), with a photoperiod of 
12:12 h and light intensity of 2492 lux, provided by 
fluorescent lamps (20 W).

This study tested three temperatures: 25°C (the 
control temperature), 13°C and 37°C. Five culture 
media modified from ASM-1 were also tested: C 
(control), with high concentrations of P (0.8244 g 
L-1) and N (1.7000 g L-1); P1 (P-deficient), with the 
replacement of Na2HPO4 and NH2PO4 by Na2SO4 

and KCl, respectively; P2, with an intermediate 
concentration of non-limiting P (0.06 g L-1); N1 
(N-deficient), with the replacement of NaNO3 by 
NaCl; and N2, with an intermediate concentration 
of non-limiting N (0.005 g L-1).

To conduct the experiment, aliquots of the four 
strains were placed in five Erlenmeyer flasks, each 
containing 1000 ml of modified ASM-1 medium. 
These cultures were maintained for six days under 
controlled conditions, acclimated to 25°C, with a 
12:12 h photoperiod and light intensity of 2595 
lux. Then, the strains were inoculated into 180 
Erlenmeyer flasks of 125 ml (n= 3), each containing 
110 ml of a strain with the appropriate medium, 
totaling 60 Erlenmeyer flasks for each strain. 
Finally, the cultures were maintained at one of three 
temperatures (13°C, 25°C or 37°C) for eight days.

Samples were taken on the 1st, 4th and 8th 
days of the experiment for dry weight estimation, 
extraction of lipids and biomass determination.

Dry cell weight was determined according to Rai 
et al. (1991). A known volume of algal culture was 
centrifuged at 5,000 rpm for 5 min, and the harvested 
biomass was dried at 60°C to constant weight.

The extraction of total lipids followed the 
protocol of Bligh and Dyer (1959), but without 
added water. Thirty ml was collected by centrifuging 
at 5,000 rpm for 5 min, and the harvested biomass 
was dried at 60°C to constant weight (M1). Then, 
2 ml chloroform and 4 ml methanol were added 
and the mixture maintained for 24 h at 25°C. The 
mixture was then agitated in a vortex for 2 min. Two 
milliliters of chloroform was again added and the 
mixture agitated vigorously for 1 min. The lower 
layer was filtered through a 90 mm-diameter filter 
paper into a pre-weighed glass tube. Evaporation 
was carried out in a water bath and the residue was 
further dried at 104°C for 30 min. The weight of the 
vial was again measured (M2). Lipid content was 
calculated by subtracting M1 from M2, and was 
expressed as % dry cell weight (dcw).

Concomitantly with the removal of the samples 
for lipid extraction, 5 ml of each culture was placed 
in a vial, labeled and preserved with 1% Lugol Acetic 
for the quantification of algal biomass. Quantification 
followed the method of Utermöhl (1958), and the 
settling time followed Lund et al. (1958). Biomass 
(mm3 L-1= mg L-1) was estimated by multiplying the 
values for density by the biovolume of each species 
(Hillebrand et al. 1999).

A descriptive statistical analysis of data 
obtained from the lipid extraction and biomass 
quantification was performed. A factorial ANOVA 
For Repeated Measures was performed to test the 
variation in the percentage of lipids with respect to 
the different temperature and nutrient treatments, 
and the days during the experiment on which the 
samples were extracted, by the SPSS 16.0 program. 
One-way ANOVA and T tests were used to test the 
significance of the maximum increases of lipid. 
In cases where the requirements for homogeneity 
of variances and normality of the data were not 
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met, the respective non-parametric tests (Kruskal-
Wallis and Mann-Whitney) were used. Data were 
transformed by arcsine. Simple linear regression 
analysis was performed to demonstrate the change 
in the percentage of lipid against the concentration 
of algal biomass. For the last three analyses, the 
statistical program Systat 13.0 was used.

RESULTS

STRAIN LECV-1

Total biomass in this strain of M. contortum was 
2931.8 mg L-1. At the end of the experiment, 
compared to the control medium (657.95 mg L-1), 
this strain showed the highest biomass when grown 
in P2 medium (1068.25 mg L-1) and the lowest in 
the N2 medium (298.61 mg L-1). On the eighth day, 
the algal biomass was usually highest in the culture 
maintained at 37°C.

With respect to the days when the lipids were 
extracted, the highest values usually occurred 
on the first day in treatments P1, N1 and N2, at 
a temperature of 13°C; however, these values 
were not significant for the control treatment (p> 

0.05). At this same temperature, the lipid content 
increased 16% in the control medium. At the control 
temperature (25°C), N2 showed the best lipid 
content (100%), on the eighth day, compared to the 
other treatments. The P1 medium was the only one 
where the lipid variation was not significant with 
respect to temperature and to the days on which 
extractions occurred (p> 0.05).

On average, the highest total lipid content 
(88.18%) was found when strain LECV-1 was 
exposed to 37°C and maintained in N2 medium 
(t=-2.967, df= 16, p= 0.009). The culture media in 
which nitrate concentrations were modified showed 
higher lipid contents, except for the value obtained 
at 13°C in the control medium (Fig. 1).

STRAIN LECV-2

Total biomass in this strain of M. contortum was 
3201.3 mg L-1. At the end of the experiment, 
compared to the control medium (751.36 mg L-1), 
this strain showed the highest biomass in P2 
(1460.45 mg L-1) and the lowest in the N1 medium 
(193.30 mg L-1). On the eighth day, higher values 
of algal biomass were usually observed at 25°C.

Fig. 1 - Comparison of the overall mean percentage (n= 3) of total lipids found in strain 
LECV-1, with respect to the interaction of factors (temperature and nutrients).
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Overall, for strain LECV-2, the first day of lipid 
extraction also showed the highest levels of total lipids, 
when maintained in P1, N1 and N2 media, at 13°C, 
although this increase was not significant (p> 0.05). 
The lipid content increased 126% in relation to the 
control at this same temperature, increasing from 37.5% 
to 100%. At the control temperature (25°C), the means 
for N2 and N1 showed the highest lipid concentration 
(100%) on the first day and fourth extraction. 

However, when maintained in the control medium 
and 25°C, this strain showed the best lipid percentage 
(92.22%), on the fourth day. The variation in the lipid 
content in P1 medium was also not significant with 
respect to temperature or to the days when extractions 
occurred (p<0.05). On average, culture media N1 and 
N2 showed the highest percentages of total lipids, and 
the best result (97.61%) was obtained at 13°C in N2 
medium (t= -3.518, df= 16, p= 0.003) (Fig. 2).

Fig. 2 - Comparison of the overall mean percentage (n= 3) of total lipids found in 
strain LECV-2, with respect to the interaction of factors (temperature and nutrients).

CULTURE LECV-3

The species D. quadricauda and C. vulgaris, 
present in culture LECV-3, had a total biomass of 
3857.1 mg L-1 (3694.4 mg L-1 and 162.7 mg L-1, 
respectively). D. quadricauda accounted for 95.78% 
of the biomass found for this mixed culture, and 
C. vulgaris, 4.21%. At the end of the experiment, 
in the control medium, LECV-3 showed higher 
biomass (2395.95 mg L-1) in relation to the other 
treatments. The lowest value was observed when the 
strain was maintained in N2 medium (67.89 mg L-1). 
The highest values of algal biomass were usually 
observed on the eighth day, at 25°C.

The highest percentages of total lipids were 
usually observed on the first day of lipid extraction 
in P1, P2, N1 and N2, at 25°C, although these 
percentages were not statistically significant 
compared to the control (p> 0.05). The lipid 
content increased 102% (from 44.11% to 100%) in 
relation to the same temperature control. At 25°C, 
better results were obtained in P1, P2 and N2, all 
with 100% on the first day of extraction. For the 
overall average, the highest percentage of lipids 
was reached at 13°C in N2 medium (85.66%) 
(U= 19.000, df= 1, p= 0.043). N1 and N2 showed 
the highest lipid content (Fig. 3).
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Fig. 3 - Comparison of the overall mean percentage (n= 3) of total lipids found in culture 
LECV-3, with respect to the interaction of factors (temperature and nutrients).

STRAIN LEA-04

The total biomass of M. aeruginosa was 327.3 mg 
L-1. At the end of the experiment, in relation to 
the control (61.35 mg L-1), this strain showed the 
highest biomass when grown in P1 (70.12 mg L-1) 
and the lowest in medium P2 (47.43 mg L-1). Higher 
values of algal biomass were usually observed on 
the eighth day, at 25°C.

Strain LEA-04, as well as all other strains, 
generally showed better total lipid contents on 
the first day of the lipid extraction, in P1, P2, N1 
and N2, at 13°C, with a mean increase of 258% 
(H= 10.432, df= 4, p=0.034). At the control 
temperature, the highest levels of lipids were found 
in the N2 medium, on the fourth day (100%). 
In control conditions (temperature and culture 
medium controls), LEA-04 reached the highest 
lipid percentage (79.6%), also on the fourth day. 
In the overall average, in N2 medium at 25°C this 
strain reached the highest percentage of total lipids 
(90.65%) (U= 20.000, df= 1, p=0.043). The media 
where nitrate concentrations were manipulated 
showed the highest values of total lipids (Fig. 4).

INTEGRATED ANALYSIS OF LIPID PERCENTAGE

The lipid content did not vary significantly among 
strains (p> 0.05). The lipid percentage varied 

significantly according to the extraction days 
(F3,120= 79.064, p <0.001). On the first day of 
extraction, the strains maintained in culture media 
P1 and N2 had the best percentages of total lipids, 
regardless of the temperature at which they were 
cultured. On the fourth day, the best results were 
observed in medium N1 at 37°C. On the eighth day, 
N2 showed the best lipid content, regardless of the 
temperature treatments. Overall, algae in N2 medium 
showed the highest lipid content (F4,120= 19.662, p 
<0.001), P1 (F4,120= 19.662, p <0.001), followed 
by P2 (F4,120= 19.662, p <0.001) and N1 (F4,120= 
19.662, p <0.001). With respect to temperatures, the 
lipid percentage was statistically different at 13°C 
(F2,120= 6.703, p = 0.005). At 37°C the observed 
difference was not significant (p> 0.05). For all 
strains, the percentage of lipid varied linearly with 
the increase in algal biomass (p<0.05).

DISCUSSION

Manipulation of temperature and nutrients influen
ced the lipid content produced in the four strains. 
All strains responded similarly to the experiments, 
generally providing their best lipid percentage on 
the first day of the experiment, in the N2 culture 
medium and at the temperature of 13°C. The highest 
concentrations of algal biomass were normally 
obtained on the eighth day, in the P2 medium and 
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temperature of 25°C. The percentage of lipid varied 
according to biomass in all strains, indicating that 
strategies to increase the biomass can be exploited 
to increase the lipid content for purposes of oil 
production.

Microalgae are considered good feedstock for 
biofuels because of their high potential for lipid 
production. The lipid percentage in microalgae is 
normally around 20-50% of biomass (Brennan and 
Owende 2010), but may reach 80% (Sporalore et 
al. 2006, Chisti 2007). In the present study, high 
lipid percentages (84.44% and 92.22%) were found 
in strains LECV-1 and LECV-2, on the fourth day 
of the experiment, higher than values cited by other 
studies (Tomasini et al. 2008).

The differences observed, especially between 
the two strains of M. contortum (LECV-1 and 
LECV-2), can be attributed to differences in lipid 
biosynthesis, which can occur not only between 
taxonomically different organisms but also between 
strains of the same species (Aquarone et al. 1983).

Several factors might influence lipid produc
tion in laboratory experiments with microalgae. 

The duration of culture (culture time) can signifi
cantly affect lipid productivity (Mandal and 
Mallick 2009). With respect to the days when 
the extraction of lipids was performed, all strains 
generally had the highest lipid contents on the first 
day, including the treatments P1 and N1 (LECV-1 
and LECV-3), P1, P2, and N2 (LECV-2) and P1, 
P2 and N1 (LEA-04) at a temperature of 13°C. The 
concentrations of N and P in the culture medium 
might be limiting factors, directly influencing the 
growth of microalgae and accumulation of lipids. 
Deficiencies of these nutrients have been found to 
effectively induce lipid accumulation in microalgae 
(Watanabe et al. 1983, Feng et al. 2012). However, 
because the factors that affect oil production are the 
same that affect growth, when N and P are limited, 
the biomass tends to decline. This would explain 
why, generally, the highest lipid content was found 
on the first day of lipid extraction, and the highest 
algal biomass on the eighth day. This pattern was 
observed in strains LECV-1 (N1 medium), LECV-
2 (P1, P2, N1 and N2 media), LECV-3 (P1, P2 
and N1 media) and LEA-04 (P1 and P2 media), 

Fig. 4 - Comparison of the overall mean percentage (n= 3) of total lipids found in strain 
LEA-04, with respect to the interaction of factors (temperature and nutrients).
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in both phosphate- and nitrate-modified media. 
For all strains, culture media in which the nitrate 
concentration was manipulated showed the best 
lipid contents, particularly with an intermediate 
concentration of non-limiting nitrate.

In Chlorophyceae and Cyanobacteria, nitro
gen stress correlates well with the increase in 
lipid content (Watanabe et al. 1983, Griffiths and 
Harrison 2009). This may explain the generally 
higher amount of lipid in N2 medium, where 
the nitrate concentration was lower than that of 
the control medium in which these strains were 
maintained prior to the experiment. The tendency 
to increase lipid levels as a result of deficiency in 
nitrate concentrations has been demonstrated in 
other studies (Shiflin and Chisholm 1981, Illman 
et al. 2000, Mandal and Mallick 2009, Feng et al. 
2012). Manipulating N and P, Feng et al. (2012) 
reported that lipid accumulation in Chlorella 
zofingiensis (65.1%) during N deficiency was 
greater than that found with P deficiency (44.7%), 
suggesting that the N deficit was more effective in 
promoting a significant increase in lipid content in 
this species. Phosphate limitation also appears to 
stimulate the accumulation of lipids (Rhee 1978).

With respect to temperature, other studies have 
found that an increase in the mean temperature may 
also favor lipid concentration (Paoletti et al. 1980). 
However, in this study, a decrease of 12 degrees 
(25°C to 13°C) resulted in the largest increases in lipid 
content, in most of the strains, demonstrating that 
temperature stress might also favor lipid synthesis.

Few studies have tested the potential of blue-
green algae to produce a sufficient amount of 
lipids for biofuel purposes. In the present study, 
strain LEA-04 showed high percentages of lipids, 
especially in non-limiting nitrate conditions, unlike 
published reports that Cyanobacteria usually 
contain low levels of lipids, regardless of culture-
media manipulations (Aquarone et al. 1983). As 
stated by Reynolds (1984), Cyanobacteria store 
all their reserves when exposed to stress. This may 

explain the good lipid values found in this study.
In summary, the results obtained here showed 

that the changes in the percentage of lipids due 
to temperature and nutrient manipulation, as 
well as time were significant (p<0.05), although 
no significant differences were observed among 
the lipid contents of the four strains themselves 
(p>0.05). The strains tested can be considered as 
potential producers of lipids, provided that the 
culture medium, the temperature, and the days of 
lipid extraction are correctly adjusted. This study 
demonstrated that it is possible to increase the lipid 
concentration of the green and blue-green algae 
tested by manipulating important resources such 
as temperature and concentrations of P and N, 
especially imposing nitrogen stress and lowering 
the temperature, conditions in which the strains 
showed higher lipid concentrations.
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RESUMO

A produção de biomassa energética através de micro
algas é considerada uma alternativa limpa em relação 
a outras que demandam amplas áreas para cultivo e 
são geradoras de impactos ambientais. Esta pesquisa 
avaliou a influência da temperatura e nutrientes no teor 
de lipídios de culturas de espécies de microalgas de 
água doce, visando o uso destes lipídios para a produção 
de biodiesel. Para isso, duas cepas de Monoraphidium 
contortum, uma cepa contendo as espécies de Chlorella 
vulgaris e Desmodesmus quadricauda e outra cepa de 
Microcystis aeruginosa, foram mantidas em laboratório, 
por seis dias, em cinco meios de cultura ASM-1 
modificados (controle com altas concentrações de fosfato 
e nitrato; sem fosfato; com concentração intermediária 
não limitante de fosfato; sem nitrato; e o último com 



An Acad Bras Cienc (2014) 86 (3)

1247LIPID PRODUCTION IN FRESHWATER MICROALGAE CULTURES

concentração intermediária não limitante de nitrato). 
Posteriormente, foram submetidas às temperaturas de 
13°C, 25°C (controle) e 37°C, durante oito dias (n=3). 
Os lipídios foram  extraídos utilizando-se solventes 
a frio, com a mistura de metanol e clorofórmio. Em 
média, as maiores produções lipídicas totais foram 
observadas quando as cepas foram mantidas em 13°C e 
no meio com concentração intermediária não limitante 
de nitrato. O percentual lipídico variou em função da 
concentração de biomassa algal. Este estudo mostrou 
que manipulações de fatores determinantes podem 
induzir maior concentração lipídica, otimizando a 
produção total com vistas à utilização desta matéria-
prima para o biodiesel.

Palavras-chave: biomassa energética, Monoraphidium, 
Chlorella, Desmodesmus, Microcystis, acumulação de 
lipídios.
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