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ABSTRACT

This study aimed to statistically prove the influence of salinity on growth kinetics and
intracellular lipid accumulation in microalgae. The species Chlorella sp., Scenedesmus
acuminatus, Nannochloropsis sp., Monoraphidium contortum and Pediastrum tetras were
studied, which were isolated in the Brazilian semi-arid region and cultivated in synthetic media
with the addition of NaCl. From the crops, growth kinetics, dry biomass production and lipid
content were analyzed, using the experimental planning for one factor as a tool, with the NaCl
concentration as an independent variable. The kinetic parameters maximum growth speed
(Umax) and generation time (tg), as well as lipid concentration were the response variables
studied. The results showed that, in the species Scenedesmus acuminatus, Nannochloropsis sp.
and Pediastrum tetras, salt stress contributed to the increase in pmax and the consequent decrease
in tg. The highest levels of lipid accumulation were obtained in Nannochloropsis sp. (62.04%),
in the medium with the highest salinity and Pediastrum tetras (54.04%) in the lowest. Dry
biomass production was higher in Scenedesmus acuminatus (1,941.37 mg.L?) and
Nannochloropsis sp. (1237.05 mg.L™), both at a concentration of 4.0 g.L™*. Therefore, saline
stress acted directly on the cell growth and lipid content of the species, which can be used as a
device to enhance lipid production for the purpose of producing biofuels.

Keywords: biofuels, biomass, biotechnology, brackish waters, lipids.

Estudo estatistico da cinética de crescimento e teor de lipideos de
microalgas cultivadas aguas salobras com fins bioenergéticos

RESUMO

O presente trabalho teve como objetivo comprovar, estatisticamente, a influéncia da
salinidade na cinética de crescimento e acumulacdo lipidica intracelular em microalgas. Foram
estudadas as espécies Chlorella sp., Scenedesmus acuminatus, Nannochloropsis sp.,
Monoraphidium contortum e Pediastrum tetras, as quais foram isoladas na regido semiarida
nordestina brasileira e cultivadas em meios sintéticos com adicdo de NaCl. A partir dos cultivos
foram analisados a cinética de crescimento, producdo de biomassa seca e teor de lipideos,
utilizando-se como ferramenta o planejamento experimental para um fator, tendo a
concentracdo de NaCl como variavel independente. Os parametros cinéticos velocidade
maxima de crescimento (max) € tempo de geracéo (tg), bem como concentragéo lipidica foram
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as variaveis resposta estudadas. Os resultados mostraram que, nas espécies Scenedesmus
acuminatus, Nannochloropsis sp. e Pediastrum tetras, o estresse salino contribuiu para o
aumento de pmax € consequente diminuicdo de tg. Os maiores niveis de acumulacgdo lipidica
foram obtidos na Nannochloropsis sp. (62,04%), no meio com maior salinidade e Pediastrum
tetras (54,03%) no de menor. A producgdo de biomassa seca foi maior nas espécies Scenedesmus
acuminatus (1.941,37 mg.L™) e Nannochloropsis sp. (1237,05 mg.L ™), ambas na concentrac&o
de 4,0 g.L%. Portanto, o estresse salino atuou diretamente no crescimento celular e teor de
lipideos das espécies, podendo este ser utilizado como artificio para potencializar a produgéo
lipidica, com fins de producéo de biocombustiveis.

Palavras-chave: aguas salobras, biocombustiveis, biomassa, biotecnologia, lipideos.
1. INTRODUCTION

Since the middle of the twentieth century, it has been well known that rapid population
growth and technological advances contribute to the increase in the planet's energy demand.
According to studies, the tendency is that this demand will increase by up to 50% by 2030.
Fossil-fuel oil products cannot satisfy the current demand, as demand is 105 times greater than
nature can replenish. It is well known that excessive dependence on fuels derived from
petroleum causes great environmental damage in the medium- and long-term, including the
reduction of fuel reserves, in addition to climate changes caused by the increase in the emission
of gases such as CO> (Shuba and Kifle, 2018).

The use of biofuels has been shown to be a viable alternative to solve dependence on
petroleum derivatives, which can be produced from raw materials such as starch, vegetable oils,
animal fats, biomass residues and algae biomass. As environmental benefits, biofuels reduce
CO», hydrocarbon and particulate matter emissions, in addition to eliminating emissions of
SOx-type compounds, with a consequent reduction in greenhouse gases. The CO. capture
capacity of microalgae is between 10 and 50 times greater than many higher plants. Thus,
greater photosynthetic efficiency is observed, in relation to higher plants, which is one of the
positive points for use as a raw material for the production of biodiesel (Zhu et al., 2017).

Shuba and Kifle (2018) also point out that the productivity of biodiesel production from
microalgae biomass can generally surpass the values of the best oil-producing crops. They also
show that, compared to other crops, biomass has more potential for production, without
negatively affecting the supply of food and other products of agricultural origin, since the crops
can be grown on non-arable land, not used for agricultural purposes. Thus, there is no territorial
competition with crops destined for food purposes.

Bellou et al. (2014) note that some species of microalgae are capable of accumulating
considerable amounts of lipids, the main raw material for the production of biodiesel, being
compared to higher oilseed plants. Zhao et al. (2021) show that saline stress is a device widely
used and researched to maximize the synthesis of lipids in microalgae, since they are more
viable processes, economically speaking. Qiao et al. (2021) also highlight that causing salt
stress directly affects physiological and biochemical mechanisms linked to cell growth and
consequent biomass production, causing ionic, osmotic and oxidative stress. lonic and osmotic
changes caused by salt stress reduce the activity of the Na*/H" ion, which impacts on
photosynthetic activity. Thus, during lipid accumulation, the saline medium causes an increase
in oxidative stress or accumulation of reactive oxygen species in the microalgal cells.

Zhang et al. (2017) still emphasize that the understanding of the regulatory mechanism for
the production of lipids in microalgae cells is important in the development of technologies for
the production of biofuels derived from microalgal biomass. Chew et al. (2018) show that recent
research with the species Tetraselmis suecica and Nannochloropsis oculata shows the high
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potential for the production of biodiesel, being considered suitable species for large-scale
production. Such research has also shown that some species, such as T. suecica, are able to
grow in saline and brackish environments due to the presence of Na* pumps, which act on the
osmoregulatory mechanism of cells, making them adaptable to rapid and gradual changes in
salinity. Srivastava et al. (2017) found that the salinity of the medium contributes significantly
in the synthesis of neutral lipids, more specifically the triacylglycerides (TAG) in the form of
secondary metabolite, allowing the microalgal cells to support the increase in salinity. The
exploitation of these factors can be of vital importance, implying the economic viability of the
production of microalgae on a large scale for bioenergetic purposes. The author also points out
that the salinity of the medium also interferes with the rate of respiration, assimilation of
nutrients and carbon uptake.

Pancha et al. (2015) show that salt stress has been studied in the cultivation of species such
as Chlamydomonas sp., Desmodesmus abundans and Nannochloropsis sp. In his work, the
author studied the effect of salinity on the growth of freshwater microalgae Scenedesmus sp.
The authors observed that saline stress caused physiological, biochemical and growth changes.
Parameters were analyzed, such as biomass production, lipid content, carbohydrates, proteins,
photosynthetic pigments, mineral contents, among others. The results showed an increase in
lipid and carbohydrate levels in crops grown in a single phase, but with lower amounts of
biomass.

Based on the literature review and the authors' knowledge, no studies were found to
statistically prove the positive or negative influence of salinity on growth kinetics and on the
content of microalgae intracellular lipids. Thus, the objective of this work is to prove, using
experimental planning for one factor, the influence of the salinity of the medium in the
cultivation of five species of microalgae, cultivated in brackish media, by the addition of NaCl
in different concentrations. Based on the monitoring of growth in each medium and their
comparison with the culture medium without the addition of this salt, the work analyzes which
species increased cell growth, biomass production and lipid accumulation, thus proving the
potential for the production of biodiesel.

2. MATERIALS AND METHODS

The study was carried out in a controlled environment at the Laboratério de Referéncia em
Dessalinizacdo (LABDES) located at the Universidade Federal de Campina Grande (UFCG) in
Campina Grande, Paraiba, Brazil. Five strains of species were used, isolated in the semiarid
region of northeastern Brazil. The species were: Chlorella sp., Scenedesmus acuminatus,
Nannochloropsis sp., Monoraphidium contortum and Pediastrum tetras. Secenedesmus
acuminatus, Monoraphidium contortum, Pediastrum tetras and Nannochloropsis sp. were
replicated in synthetic Water Culture, recommended by Guillard and Lorenzen (1972).
Chlorella sp. was replicated in Bold’s Basal Medium synthetic medium, with a composition
described by Bischoff and Bold (1963).

The methodology used for crops was developed by the authors. It was carried out from the
inoculum in the synthetic media in photobioreactors (Figure 1), with a volume of 2 liters, adding
NaCl, in concentrations of 2.0; 4.0 and 6.0 g.L™. In addition to these, the strains were also
inoculated into the medium without the addition of salts, called Control for comparison between
brackish media. The cultivation environment was controlled, with a temperature between 22.0
and 25.0°C, based on Chisti (2008), who recommends a range between 20.0 and 30.0°C in the
cultivation of microalgae. Light/dark photoperiod 12/12h (384.0 lux) and constant aeration
through micro pumps at a flow rate of 150.0 L.h"* was used.

After this stage, cell growth was monitored solely by daily counting the number of cells
per mL, aiming at calculating the kinetic parameters based on the observance of the growth
phases, as shown by Lee et al. (2015). The authors report that batch microalgal growth has six
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phases; lag, exponential or log, linear, of declining growth, stationary and of death. In addition,
this process also had the purpose of visualizing viable and non-viable cells in each culture
medium. Monitoring of pH also took place, aimed at observing changes in the media.

Figure 1. Photobioreactors in a
controlled environment.

The counts were performed until the phase of stationary cell growth was reached, with the
total cultivation time for Chlorella sp. between 10 and 13 days, between 15 and 18 days for
Scenedesmus acuminatus and Nannochloropsis sp., for Monoraphidium contortum and
Pediastrum tetras the cultivation time was 15 days. With the data obtained, the growth curves
were plotted and the beginning and end of the exponential growth phase were observed for the
kinetic calculations. After reaching the maximum number of cells, the biomass was separated
by centrifuge and dried in an oven at 45.0°C to check the lipid content, according to the
methodology recommended by Folch et al. (1957), modified for microalgae. However, the
production of dry biomass per liter of cultivation was previously calculated by weighing.

From the kinetic results, a statistical study was made using the Hypothesis Test, from the
experimental planning for one factor, testing the equality between means of the Kinetic
parameters of the treatments. This study was carried out through Test F (a = 0.05), applying
analysis of variance (ANOVA) and Tukey's Test, aiming to know the influence of salinity (input
variable) on the growth of species, comparing them the average values of the kinetic parameters
of each medium with the Control. The levels varied according to the salinity of the media under
study, that is, 0 (Control); 2.0 g.L%; 4.0 g.L* and 6.0 g.L™X. The response variables were the
maximum growth speed (Umax, given day™) and generation time (tg, given day), which depend
on the cell concentrations obtained through the daily count. Such parameters are calculated
from Equations 1 and 2, as discussed by Schmidell et al. (2001), where, X is the cellular
concentration (in cells.mL™) at the beginning of the exponential phase and X is the final
concentration, just as tj is the initial time of the exponential phase and t the final time, in days.
With this treatment, it was possible to compare the means of the kinetic parameters at the levels
2.09.L % 4.0 g.L? and 6.0 g.L with the Control, observing which results showed significant
differences.

X
In X_L = Umax- (t - ti) (1)
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Umax = t
g

n2 0,693
- 2)

3. RESULTS AND DISCUSSION

3.1. Growth Kinetics

As shown in Figure 2, the X axis represents the NaCl concentration and the Y axis the
Kinetic parameters (Umax and tg). For Chlorella sp., the highest value of pmax and lowest tg
occurred in the Control and, among the brackish media; the best values were observed in the
concentration of 4.0 g.L™. In contrast, the Scenedesmus acuminatus species had better growth
kinetics in the medium with higher salinity, reaching values much higher than that of the
Control, which points to the fact that the cell growth of this species is favored in the media with
higher salinities.

0.8 1

2

0,7 -

My (day™h)

0,6
0,5
0,4
0,3
0,2

0,1

0

5 - B Chlorella sp.
BScenedesmus acuminalus

t, (day)
=

BNannochlorapsis sp.
4 1 OMonoraphidium confortum
} OPediastrum tefras

Figure 2. Maximum growth speed and generation time for all species in brackish and control
environments.

The same occurred with Nannochloropsis sp., in which the values of pmax and tg in the
medium 4.0 g.L ! were more satisfactory than those of the Control. Similar results were not
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observed in the microalgae Monoraphidium contortum, where there were no major differences
between the Control and the other concentrations. It appears that pmax and tg, in brackish
environments, did not exceed those of Control. For Pediastrum tetras species, the maximum
growth speed and generation time were slightly higher in the media with salinity of 2.0 g.L*
and 4.0 g.L ™, but without great increases in relation to the Control.

Comparing the species, the growth kinetics was favored in the media with higher salinities
for Scenedesmus acuminatus and Nannochloropsis sp., and Chlorella sp., in this order.
Nevertheless, it is observed in the latter that the kinetic results were not better than those of the
Control. However, relating to Monoraphidium contortum and Pediastrum tetras, the results in
concentrations of 4.0 and 6.0 g.L™* were more expressive for Chlorella sp.

Abubakar (2016) cultivated the microalgae Dunaliella sp., studying the ideal salinity in
cell growth. The author shows that the growth rate was maximum in the medium with NaCl
concentration of 1.0 Molar (0.1680 day™). This shows the great diversity of halotolerant
species, that is, those that are able to adapt to brackish environments. The present study also
shows this diversity, to the extent that species with greater adaptability were used, since they
were obtained, mainly in the cultivation of Chlorella sp., Scenedesmus acuminatus and
Nannochloropsis sp., higher rates of maximum growth and generation time in media with
higher salinities.

3.2. Statistical analysis of growth kinetics
As can be seen in Table 1, the Fcaiculated Values are all higher than the Frapuiated, cOnfirming
the significant difference between the means.

Table 1. F test for pmax and tg with a = 0.05. (Frabulaed = 4.07).
Fcalculate (Hmax) Fcalculate (tg) R2 (Hmax) R2 (tg)

Chlorella sp. 42.25 32.37 94.06 92.39
Scenedesmus acuminatus 32.88 50.52 9250 94.99
Nannochloropsis sp. 34.62 80.71 92.85  96.80
Monoraphidium contortum 54.90 48.84 95.37 94.82
Pediastrum tetras 14.54 14.47 8451 8433

It can be seen in Figure 3 that the test is approached graphically through the comparison
between pairs of means. The X axis represents the difference between them and the Y axis all
possible combinations between the culture media, performed by the Tukey Test. For the present
study, the following were observed: Control-2.0 g.L%, Control-4.0 g.L* and Control-6.0 g.L™?,
both with respect to pmax and tg. For Chlorella sp. (1) between the pair Control and 2.0 g.L™*
medium, the greatest significant difference occurred. As the interval is to the right of zero, the
salt concentration is therefore influencing the value of pmax in order to decrease this parameter,
which confirms the results obtained in Figure 2.

In Scenedesmus acuminatus (2), the biggest significant difference was between the Control
and 6.0 g.L! media. The range is further away from the zero on the left, indicating that the
salinity at the 6.0 g.L™ level is influencing in order to increase the value of pmax. This result is
confirmed by the fact that the maximum growth speed in the Control was the lowest value
observed among the crops. For Nannochloropsis sp. (3) there was no significant difference
between the Control and the concentration of 2.0 g.L™%. A greater influence of salinity can be
observed in the medium with 4.0 g.L%, followed by 6.0 g.L, with both influences of salinity
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being positive. These results confirm what was shown in Figure 1, where the highest values of
Mmax occurred in these concentrations.

For Monoraphidium contortum (4), there was a greater influence of salinity in the
concentration of 4.0 g.L ™ in order to decrease pmax. Thus, this species does not have favored
kinetics in brackish environments. It is also noticed that there was a significant difference
between the Control and the concentration of 6.0 g.L™, without influence of salinity at the level
2.0 g.L "t at maximum speed. The test for Pediastrum tetras (5) showed a significant difference
in 2.0 g.L? media, being positively influenced by the salt concentration. In the other
concentrations, salinity did not statistically affect the average value of the maximum growth
speed.
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Figure 3. Tukey test between the averages of the maximum velocity of growth in synthetic brackish
media. A. Chlorella sp., B. Scenedesmus acuminatus, C. Nannochloropsis sp., D. Monoraphidium
contortum, E. Pediastrum tetras.

Looking at Figure 4, Chlorella sp. (1) showed a significant difference in all concentrations
compared to the Control, with the greatest influence observed in that of 2.0 g.L™. It also
occurred in all medium pairs for Scenedesmus acuminatus (2), but the highest was between
Control and the medium with the highest salinity. For Nannochloropsis sp. (3), there was a
greater difference with the concentrations of 4.0 g.L ! and 6.0 g.L, but salinity was more
influential in the first. The same happened with the species Monoraphidium contortum (4), with
a greater influence of ty for medium with a concentration of 4.0 g.L™ of NaCl. In Pediastrum
tetras (5) cultures, there were significant differences between the Control and the
concentrations of 2.0 g.L™* and 4.0 g.L%, with no impact on salinity. Therefore, the species that
proved to be more suitable for cultivation in brackish environments are Chlorella sp.,
Scenedesmus acuminatus and Nannocholopsis sp.
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Figure 4. Tukey test between the generation time averages in the synthetic brackish media. A.
Chlorella sp., B. Scenedesmus acuminatus, C. Nannochloropsis sp., D. Monoraphidium contortum,
E. Pediastrum tetras.

3.3. Lipid content and biomass production

Figure 5 reveals that Chlorella sp. was the species that presented the lowest values of the
lipid content, if compared with the others. Shuba and Kifle (2018) show that the levels of lipids
for this species in standard culture media can vary between 14 and 22%. In the present study,
values close to 10% were obtained among brackish media, the highest observed in the
concentration 4.0 g.L of NaCl (11.69%).

Chlorella sp. had the highest biomass production in Control (621.90 mg.L), followed by
the concentration of 4.0 g.L™ (559.65 mg.L™1), highest production among brackish media, 2.0
gL (428.90 mg.L™?) and the highest salinity (342.60 mg.L™). However, in all media in which
salt was added, the lipid percentage did not increase compared to the Control. Regarding the
Scenedesmus acuminatus, the results show that the highest lipid accumulation among brackish
media occurred at 6.0 g.L, which is the medium that came closest to the Control. This result
points to the fact that cultivation in media with higher salinity can favor the accumulation of
lipids, caused by the salt stress in the cells. The highest biomass production occurred at a
concentration of 4.0 g.L%, surpassing the Control.

Pancha et al. (2015) cultivated the species Scenedesmus sp. in brackish media and obtained
a lipid percentage of 33.13% at a saline concentration of 400 mM, this being the highest studied.
In the present study, the lipid content was higher (41.96%) in the culture with greater addition
of salts, showing that the intracellular lipid production can be favored in higher salinities. This
fact was also verified in the species Nannochloropsis sp., where the highest content of lipids in
dry biomass also occurred in the medium with a concentration of 6.0 g.L™, reaching the highest
result among the studied species. Therefore, for this microalgae the highest salinities have also
maximized the accumulation.
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Figure 5. A. Percentage of the concentration of lipids and B. Production in dry biomass of
brackish media.

According to Khatoon et al. (2014), Nannochloropsis sp. is among the microalgae with the
highest lipid concentrations, remaining between 20 and 50% of dry biomass. In the present
study, production was higher (62.04%), showing that the highest salt concentration provided
this expressive result. The authors also point out that the acceptable levels of salinity vary with
the species, and each has an optimal range for growth and lipid production. Kalita et al. (2011)
point out that saline stress has a direct impact on physiological and biochemical mechanisms
directly related to cell growth. For this reason, cultivation in brackish environments can increase
the lipid content and the production of biomass.

On the other hand, the lowest results between species occurred in Monoraphidium
contortum, where the highest lipid level did not exceed 10.57% in the 6.0 g.L™* concentration
of NaCl and the highest productivity was for the 4.0 g.L™ concentration (684.61 mg.L™).
Meanwhile, Bogen et al. (2013), when cultivating this same species in a synthetic medium to
evaluate the lipid content and productivity in dry biomass, obtained the values of 22.2% of lipid
accumulation; however, with 300 mg.L? of biomass production. Therefore, the cultivation of
this species in brackish environments can increase the production of biomass, but no increase
in lipid accumulation is observed. The Pediastrum tetras species showed a very satisfactory
percentage of lipids, and it was observed that in all brackish environments there was an increase
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in relation to the Control. The highest value was observed in the concentration of 2.0 g.L™,
reaching 54.03%. However, the study authors note that this species is not widely studied and
cultivated, and there are no relevant works to be mentioned.

Concerning the production in dry biomass, no significant increases were observed with
salinity in relation to the Control for Chlorella sp. as for Monoraphidium contortum. It is
verified that the salt levels did not cause a significant increase in the production of biomass.
Scenedesmus acuminatus, Nannochloropsis sp. and Pediastrum tetras, however, showed a
considerable increase in the concentration of 4.0 g.L?, and it was verified that this salinity
potentiated the production of biomass.

Observing the results and, relating growth kinetics, lipid accumulation and dry biomass
production, it appears that the species that were most favorable to be cultivated in synthetic
brackish media were Scenedesmus acuminatus and Nannochloropsis sp. It is observed that in
the first, the medium with 6.0 g.L™! had the best combination of results, showing that the
production of biomass and lipid content are favored in the medium with greater salinity, in
addition to the kinetic aspects. For the second species, the brackish medium was also shown to
be the most suitable for cultivation, because despite having a lower biomass production and slightly
slower growth kinetics, it was in this medium that the lipid production was maximum.

3.4. Statistical analysis of lipid content
Table 2 shows that for all cultures there was a significant difference between the mean
results of lipid percentage.

Table 2. F test for the % of Lipids in cultures in
braCkISh mEdIa (Ftabulated = 407)

2
I:calcu late R

Chlorella sp. 519.83 99.49
Scenedesmus acuminatus  347.12 99.78
Nannochloropsis sp. 619.65 99.57
Monoraphidium contortum  9.56  78.19
Pediastrum tetras 731 84.54

From Figure 6, it can be seen that in the brackish cultivations of Chlorella sp. (1) there was
a significant difference between the Control and all means. Due to the fact that the intervals are
to the right of zero, it can be seen that salinity is affected in a way to decrease lipid
accumulation, having a greater impact on the medium with a concentration of 6.0 g.L™%. The
same occurred with Scenedesmus acuminatus (2) and Monoraphidium contortum (4), with the
greatest influence observed in media with a concentration of 2.0 and 4.0 g.L™%, respectively.
Note that in Nannochloropsis sp. (3), the medium with 6.0 g.L*? salinity increased the
percentage of lipids, since the interval is to the left of zero. In the other media, salinity affected
lipid accumulation in order to decrease it, which points to the increase in the percentage of
lipids from cultures grown in salinity media for this species. Pediastrum tetras showed only a
significant difference between the Control and the 2.0 g.L* media, which was positive.

Kaewkannetra et al. (2012) studied the effect of salinity in cultures of the microalgae
Scenedesmus obliquus in the presence of NaCl, in concentrations of 0.05, 0.2 and 0.3 M.
Compared with the non-brackish medium, the highest lipid accumulation was obtained in the
cells that grew under salt stress, obtaining a 36.0% lipid content. Duan et al. (2012) used the
same strategy for the species Chlorella vulgaris, through the osmotic stress caused by the
salinity. The author reports that he obtained a 21.1% increase in lipids compared to non-
brackish medium. It also shows that higher concentrations of salt increased the content of lipids
to 70% in the cultivation of Dunaliella. Xia et al. (2014) tested several sodium salts to cause an
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increase in the lipid content, with NaCl increasing the productivity of Desmodesmus abundans
to 68.08 mg.L*.dia*. The author points out that the increase in salinity is a simple mechanism
to promote cell growth for the production of biomass for bioenergetic purposes.
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Figure 6. Tukey test for % lipids in synthetic brackish cultures. A. Chlorella sp., B. Scenedesmus
acuminatus, C. Nannochloropsis sp., D. Monraphidium contortum, E. Pediastrum tetras.

The present study obtained a higher percentage of lipid accumulation for the microalgae
Scenedesmus acuminatus, when compared with the work by Kaewkannetra et al. (2012). It is
also observed that for Nannochloropsis sp. and Pediastrum tetras, the values also exceeded
those of the author. This fact indicates the feasibility of using several species of microalgae in
the production of biomass for the purpose of producing biodiesel. As a differential, this study
highlights the use of the statistical tool to prove the influence of salinity on the growth kinetics
and production of lipids. It appears that, in all the studied species, there was an interference of
salinity in the physiological cellular mechanisms that, depending on the concentration of the
salt and the species, increased or decreased the growth and lipid production.

3.5. Monitoring the pH

It can be seen in Figure 7 that in all crops there was an increase in pH over time. Dahmani
et al. (2016) show that this fact is directly linked to photosynthetic activity, where the CO> in
the medium is consumed by the cells, thus decreasing the concentration and consequently
increasing the pH of the medium. The authors also point out that the optimal range for most
microalgae species is between 7.0 and 12.0. For Scenedesmus acuminatus, Nannochloropsis
sp., Monoraphidium contortum and Pediastrum tetras (grown in Water Culture synthetic
medium) the pH has always been alkaline, in the range specified by the authors. It is noticed
that, on the day of the inoculum, the pH was between 9.0 and 10.0 and then dropped to 7.0 on
the first day. From the fifth day on, it increased again, to between 8.0 and 10.0.
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Figure 7. pH of synthetic brackish media over the time of cultivation. (1)
Chlorella sp., (2) Scenedesmus acuminatus, (3) Nannochloropsis sp., (4)
Monoraphidium contortum, (5) Pediastrum tetras.

Chlorella sp. showed that pH of the synthetic culture medium (Bold’s Basal Medium) on
the day of the inoculum was close to neutral. During the cell growth there was an increase,
however, among the brackish media pH did not exceed 7.5 and the Control reached pH 8.0.
Thus, the influence of both pH and salinity on the low production of biomass and lipids for this
species can be seen.

4. CONCLUSIONS

The study found the influence of saline stress on growth, production of dry biomass and
accumulation of lipids in all species. It is observed that among them Scenedesmus acuminatus
and Nannochloropsis sp. were the ones that most adapted to the brackish environment. It has
been proven that, depending on the species, the concentration can positively or negatively
influence the growth Kinetics and accumulation of lipids. In the species Scenedesmus
acumnatus and Nannochloropsis sp., the growth was benefited by the salinity in the
concentrations 6.0 and 4.0 g.L?, respectively. Regarding lipids, Nannochloropsis sp. and
Pediastrum tetras had the accumulation maximized with the concentration in 6.0 and 2.0 g.L ™
respectively.

The species that reached the highest levels of lipids were Nannohchloropsis sp.,
Pediastrum tetras and Scenedesmus acuminatus, as well as showing the highest production of
dry biomass, both at concentrations of 4.0 g.L™ . The results confirm the feasibility of using
microalgae as an alternative for the production of biodiesel. The lipid content and the amount
of biomass produced become crucial in the choice of the species to be cultivated. It is worth
mentioning that it is necessary to observe these two factors together in order to obtain the
highest possible yield for the production of biofuel.
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