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Abstract
Microalgae have been studied in recent years for various reasons, one among them being their potential in the
production of biofuels. Biofuels are considered as a renewable source that does not compete with the food industry, and their production results in a reduced environmental footprint. The objective of the present study was
to evaluate the different culture conditions that influence the productivity of the microalgae Chlorella vulgaris and
Scenedesmus obliquus as a potential source for the production of biodiesel. Bold, Bristol, and modified Algal Assay Procedure (AAP) culture media were evaluated to determine which of them can provide the best conditions
that favor biomass production and lipid deposition. The results indicated that S. obliquus cultivated in Bold medium exhibited a higher production of biomass after 30 days (1.730 g/l), while C. vulgaris showed a higher production in the modified AAP medium (1.880 g/l). Although the cultures grown in the AAP medium showed a more
significant percentage of biomass comprising lipids than those in the other two media, between the two microalgae, the highest final lipid production was obtained by growing S. obliquus in Bold medium (0.685 g/l, 39.60%
of biomass). N, P, Fe, and Mo were the elements added to the growth media, and depending on their concentration in the media, there were differences in the production of lipids. Thus, it can be concluded that S. obliquus
cultivated in Bold medium has the highest potential in the production of lipids for biodiesel, but it is necessary
to further optimize the cultivation of biomass to obtain a greater quantity of lipids, while interfering as little as
possible in its synthesis capacity.
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Introduction
The use of microalgae to obtain biofuels is based on
the fact that under certain controlled growth conditions,
it is possible to induce the production and accumulation
of lipid compounds (Mandal and Mallik, 2009; Milano
et al., 2016) that can be further transformed to obtain
biofuels. As organisms that can perform photosynthesis
with a high efficiency and reproduce in a short time with
relatively few nutrients (Carvalho et al., 2012), microalgae possess the advantage of growing rapidly with high
productivity and producing biofuels without the need of
long stretches of land as required by plant sources such
as corn, soy, palm oil, or sugarcane (Bohnenberger and
Crossetti, 2014; Mandotra et al., 2016). In addition,
their ability to fix CO2 contributes to the reduction of the

environmental footprint generated by fossil fuels, which
makes these algae an eco-friendly alternative.
On the other hand, forcing lipid accumulation in the
algae will lead to a substantial reduction in the final concentration of biomass; thus, the conditions promoting
a high accumulation of lipid compounds are antagonistic
(Dragone et al., 2011). Generally, the culture media
used for the production of algae (either at the laboratory
or at the industrial scale) are designed with the sole aim
of improving the production of specific metabolites. So
to achieve a high accumulation of lipids, it is necessary
to modify (increase or decrease) the concentration of
one or several nutrients (Fazeli Danesh et al., 2018;
Shin et al., 2018). Moreover, the biological diversity of
microalgae leads to a wide variation between species and
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strains in the yield of lipids (Andersen et al., 2005);
therefore, it is necessary to know certain aspects of each
group of microalgae such as their biology, nutritional
requirements, and growth conditions (Mandall and Mallick, 2009; Milano et al., 2016). Thus, the primary objective of the present investigation was to evaluate the
effect of different culture media on lipid deposition in
Chlorella vulgaris and Scenedesmus obliquus as sources
for biodiesel production.

Table 1. Composition of the culture media evaluated
Nutrients

Culture media [mg/l]
Bold Basal

Bristol

AAP

NaNO3

250

125

25.5

K2HPO4

75

37.5

–

KH2PO4

175

87.5

1,04

CaCl2 @ H2O

25

12.5

4.41

NaCl

25

12.5

–

MgSO4 @ 7H2O

75

37.5

14.7

Materials and methods

MgCl2 @ 6H2O

–

–

12.16

Microorganisms and culture conditions

NaHCO3

–

–

0

The algal species C. vulgaris and S. obliquus were
purchased from NUTRÉ S.A.S (Colombia). They were
cultured in Bold Basal Medium (Andersen, 2005) under
a light intensity of 200 μmol m!2 @ s!1 with 12 : 12
light : dark cycle at 28 ± 2EC.

EDTA

50

25

3

KOH

31

15.5

–

H3BO3

11.42

5.71

1.9

MnCl2 @ 4H2O

1.44

0.72

42

ZnSO4 @ 7H2O

8.82

4.41

–

MoO3

0.71

0,36

–

CuSO4 @ 5H2O

1.57

0.79

–

Co(NO3)2 @ 6H2O

0.49

0.25

–

FeSO4 @ 7H2O

4.98

–

–

ZnCl2

–

–

0.327

Na2MoO4 @ 2H2O

–

–

0.726

CuCl2 @ 2H2O

–

–

0.0012

CoCl2 @ 6H2O

–

–

0.143

FeCl3 @ 6H2O

–

2.42

1.6

H2SO4 (ml/l)

1

1

–

Culture media

The culture media used for the evaluation of lipid
production by C. vulgaris and S. obliquus were Bold Basal (Andersen et al., 2005), Bristol (Andersen et al.,
2005), and Algal Assay Procedure (AAP) (ASTM, 2012).
These media were selected as they have been widely
used in different studies, with the last one being an emulator of environmental conditions (Table 1).
Analytical methods

Biomass concentration (dry weight basis) was monitored every 5 days using the method described by Moheimani et al. (2013). Briefly, 15 ml of culture was filtered using pre-weighted GF-C 47 mm filters (Pall Corporation). The filtered biomass was dried at 60EC overnight and stored in a desiccator until a constant weight
was obtained.
The quantification of total lipids was carried out according to the protocol proposed by Folch and adapted
by Moheimani and coworkers (2013). The concentrations of phosphate (PO4) and nitrate (NO3) were determined using Vanadomolybdophosphoric Acid Colorimetric
Method (APHA, 2017) and Horiba LAQUAtwin Nitrate
Sensor, respectively.
Results
According to the data presented in Figure 1, the culture medium that favored the highest production of bio

mass of S. obliquus after 30 days of culture was Bold
(1.730 g/l), followed by Bristol (1.455 g/l) and AAP
(0.895 g/l). In the case of C. vulgaris, an opposite trend
was observed: the highest biomass production was
achieved using the AAP medium (1.880 g/l), followed by
Bristol (1.805 g/l) and Bold (1.750 g/l).
The productivity of the two algae was almost similar
in the Bold and Bristol media, but significant differences
were observed in the AAP medium (0.063 g @ l!1 @ d!1 for
C. vulgaris and 0.029 g @ l!1 @ d!1 for S. obliquus ). According to these results, C. vulgaris successfully adapted to all
the three media evaluated, with the AAP medium being
the one favoring the highest production of biomass and
the highest productivity (1.880 g/l and 0.063 g @ l!1 @ d!1,
respectively) – Figure 2.
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Fig. 1. Biomass concentration of Scenedesmus obliquus (left) and Chlorella vulgaris (right) in different culture media

lower than that obtained in Bold and Bristol media
(0.685 g/l and 0.570 g/l, respectively), even though the
percentage of lipids obtained in these media was lower
(39.60% and 39.18%, respectively) – Figur 4. In contrast,
C. vulgaris produced similar percentages of lipids in
Bold, Bristol, and AAP medium which were 14.29%,
15.79%, and 16.76%, with final concentrations of
0.250 g/l, 0.285 g/l, and 0.315 g/l, respectively.
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Fig. 2. Biomass productivity of Scenedesmus obliquus
and Chlorella vulgaris evaluated in different culture media

According to the data presented in Figure 3, the consumption of both nitrate and phosphate was faster in the
cultures of S. obliquus (Fig. 3). Nitrogen was exhausted
within the first 10 days in all the cultures, with the consumption occurring first in the AAP medium, followed by
Bristol and Bold. Unlike nitrate, phosphate was not completely utilized by any of the two algae in all the three media evaluated, which showed a repetitive behavior of consumption and a subsequent release to the medium
(Fig. 3).
The highest percentage of lipids was produced by
S. obliquus grown in the AAP medium (52.51%, w/w).
However, the concentration of lipids (0.470 g/l) was

Algal growth and the accumulation of specific metabolites (such as lipids, carbohydrates, proteins, and
others) are stimulated to a different degree depending
on the concentrations of different nutrients. Under the
optimal culture conditions (pH, temperature, and light
regime), the biomass concentration is proportional to
the uptake of the most limiting nutrients (Juneja et al.,
2013). Rodríguez-Gil and coworkers (2014) obtained the
highest cell concentration after 96 hours when cultivating Oophila sp. in the AAP medium, compared to Bold
or Bristol. This result is similar to those observed in the
present study for C. vulgaris, but not for S. obliquus,
which, from the beginning, showed a difference in the
assimilation of nutrients (Fig. 1). While both biomass
productivity and lipid percentages were similar in all the
media tested for C. vulgaris, low productivity of biomass
was observed in the AAP medium for S. obliquus which
was compensated by higher lipid content (Fig. 4). The
opposite trend was observed in the Bold Basal Medium,
where a lower percentage of lipids was compensated by
higher productivity of biomass. Importantly, the percentages of lipids produced by S. obliquus in all the media
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Fig. 3. Consumption of nitrate (NO3G) and phosphate (PO4G) by Scenedesmus obliquus (left) and Chlorella vulgaris (right)

tested were higher than those produced by C. vulgaris.
Considering all the results, S. obliquus cultivated in the
Bold medium was found to be the most favorable option
for achieving the highest percentage of total lipids.
It is important to note that a relatively simple medium such as the AAP allows both algae S. obliquus and
C. vulgaris to synthesize desirable amounts of lipids.
Although the biomass productivity of S. obliquus was the
lowest in the AAP medium, it was not necessarily low for
a medium that is designed only to determine if the algae
can tolerate certain conditions of growth.
Nitrogen and phosphate are two of the macronutrients that are crucial for cell growth and metabolism.
Nitrogen is a critical element in the formation of proteins, lipids, and nucleic acids (Guschina and Harwood,
2013), while phosphate is essential for the synthesis of
ATP, phospholipids, and the backbone of DNA and RNA
(Andersen, 2013). In our studies, both S. obliquus and
C. vulgaris showed a complete consumption of nitrogen
and a partial consumption of phosphorus in Bold and

Bristol culture media (particularly faster consumption by

S. obliquus), which favored a rapid accumulation of lipids
(Esakkimuthu et al., 2016; Kiran et al., 2016; Lari et al.,
2016). Prasad and coworkers (2018) indicated that the
uptake of phosphorus and nitrogen is linked. When the
rate of nitrogen consumption is low, phosphorus consumption is affected and substantially reduced (Fig. 3).
Similarly, in our study, it was observed that even when
nitrogen had been consumed (almost completely), phosphorus continued to be consumed by the cells, but at
a reduced rate (Fig. 3). Although the expense of both
nutrients in the AAP medium was similar for S. obliquus
and C. vulgaris (Fig. 3A and Fig. 3B), the latter did not
accumulate the same amount of lipids, and the amount
was significantly lower than that accumulated by S. obliquus (Fig. 4). The possible influence of phosphorus on
biomass production and lipids synthesis is particularly
striking since its concentration in the three media was
very different (53.2 mg/l, 26.6 mg/l, and 0.2 mg/l in
Bold, Bristol, and AAP, respectively) and it was not ex-
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The other species C. vulgaris did not show any difference in lipid deposition between the three culture
media tested, indicating a possible tolerance to scarcity
conditions or a minor requirement for these elements.
Micronutrients such as molybdenum, iron, and manganese have been shown to be important for the assimilation
of scarce nitrogen (Glass et al., 2009) for the pathways of
lipid synthesis (Li et al., 2014); however, their effect on
lipid accumulation is specific in each species (Ghafari
et al., 2018). Finally, other elements present in small concentrations (lower than 0.15 mg/l) such as zinc (that is
only used in the AAP medium) and copper (present in all
the media) stimulate algal cell growth but not the accumulation of lipids (Battah et al., 2015; Sibi et al., 2016; Zhu
et al., 2016; Hamed et al., 2017; Ghafari et al., 2018).

Culture media
 S. obliquus (B)

 C. vulgaris (B)

Conclusions

 S. obliquus (L)

 C. vulgaris (L)

Of the two algae evaluated, the highest biomass production was achieved using the AAP medium (1.880 g/l)
for C. vulgaris and Bold medium (1.730 g/l) for S. obliquus. On the other hand, lipid accumulation was stimulated in both algae cultured on AAP medium, with values
as high as 52% (w/w) in S. obliquus and 16% (w/w) in
C. vulgaris. It can be noted that in the case of S. obliquus, the AAP medium favored the accumulation of
lipids rather than increase in the amount of biomass; on
the other hand, C. vulgaris showed increased production
of both biomass and lipids on this medium.
Thus, the results obtained in the present study suggest that the biology of each algal species plays an essential role in the assimilation of nitrogen, phosphate, and
micronutrients, rather than the biomass production or
lipid accumulation.

Fig. 4. Concentration of total biomass (g/l) and total lipids (g/l)
produced by Scenedesmus obliquus and Chlorella vulgaris

hausted completely. By reducing the phosphorus content in the medium for different algal species including
C. vulgaris, Ghafari and coworkers (2018) obtained
lower percentages of lipids; however, this behavior depended on the algae studied. In the present work, there
was no significant difference observed in the final concentration of lipids produced by C. vulgaris (14.29%,
15.79%, and 16.76% (w/w) in Bold, Bristol, and AAP,
respectively), but in the case of S obliquus there was
a difference in the amount of total lipids depending on
the growth medium used (39.60%, 39.18%, and 52.51%
(w/w) in Bold, Bristol, and AAP, respectively).
Micronutrients play a critical role in the metabolic
functions of algae, since these elements present in the
media act as co-enzymes or energy carriers (Juneja et al.,
2013). A concentration of calcium and magnesium below
50 mg/l was shown to promote lipid accumulation in
S. obliquus, although the biomass concentration was not
significantly affected (Esakkimuthu et al., 2016). Similarly, in the present study, the growth of S. obliquus in
the AAP medium with low concentrations of calcium and
magnesium (Table 1) resulted in the highest percentage
of lipid accumulation, compared to the percentages obtained with the algae cultured on Bristol and Bold media.
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