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Abstract
The composition of brackish groundwater from Brazilian backlands contains important ele-
ments necessary for metabolism in microalgae. This study evaluated the use of 100% brackish
groundwater with different amounts of Zarrouk nutrients for Spirulina sp. LEB 18 cultivation.
The growth parameters and biomass composition, including the concentrations of proteins,
carbohydrates, ash, lipids, and fatty acids, were evaluated. The best growth parameter results
were obtained in the assay using 100% brackish groundwater and only 25% of Zarrouk
nutrients, which were equal to those obtained for the control culture. The concentrations of
carbohydrates and polyunsaturated fatty acids were increased by as much as 4- and 3.3-fold,
respectively, when brackish groundwater was used in the cultures. The lipid profile demon-
strated that the biomass had the potential for use in biodiesel production. The use of brackish
groundwater is a sustainable, economical way to obtain high-quality biomass for different
applications during Spirulina sp. LEB 18 cultivation.
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Introduction

Population growth and climate change threaten natural resources such as energy, food, and
water [1]. Scarcity of water resources is a recurrent problem within the world population.
Certain regions, such as the Brazilian backlands, have a semiarid climate and recurrent
droughts, which leads to the accumulation of brackish and saline groundwater [2] that is
difficult to use for human consumption. The use of most desalination processes is limited by
the high cost of project implementation and maintenance. Although it is a serious natural
resource problem, it is possible to find more feasible and lower-cost alternatives to mitigate the
effects of the use of underground brackish water.

Spirulina is a photosynthetic microalga widely studied and commercially used due to its
composition, which is beneficial to the human organism. Certain species can be composed of
up to 70% protein and contain essential amino acids, vitamins such as B12, pigments, and
essential fatty acids [3, 4]. In addition, carbohydrates and lipids derived from their biomass can
be used in biofuel production [5, 6]. Microalgae generally require mineral salts for their
growth, which are found in brackish groundwater [7]. Moreover, these microorganisms can
be cultivated in adverse regions [8]. For these reasons, Spirulina cultivation in semiarid
climates is possible due to the presence of water and nutrients in brackish groundwater that
are required for its growth. Thus, cultivation costs would be reduced and biomass and water
could be produced for consumption by humans, animals, and vegetation.

There are no reports about the use of brackish groundwater from Brazilian backlands for the
growth of Spirulina cultures. Spirulina platensis that was cultivated in water containing 50%
residual brackish groundwater desalination concentrate (DC) produced a biomass concentra-
tion that was 91.5% greater than that of the control that was cultivated in Paoletti culture
medium [9]. Nannochloropsis gaditana cultivated in 75% DC produced a biomass concentra-
tion that was approximately 1.4 times greater than that of the control culture, which was
cultivated in F/2 medium [10]. Chlorella vulgaris cultures cultivated in 25% DC had similar
growth parameters to that of the control culture that was cultivated in BBM culture medium
[11]. The present study aimed to evaluate the use of brackish groundwater from Brazilian
backlands in cultures of Spirulina sp. LEB 18 in terms of growth parameters and biomass
composition.

Materials and Methods

Microorganism and Culture Medium

The cyanobacteria Spirulina sp. LEB 18 used in this study was obtained from the Culture
Collection of the Laboratory of Biochemical Engineering at the Federal University of Rio
Grande (FURG) and was derived from Mangueira Lagoon in southern Brazil (latitude 32° 32′
05″ S and longitude 33°31′ 57″W). Brackish groundwater (composition given in Table 1) was
used as the nutritional source for cultivation and was supplemented with different concentra-
tions of Zarrouk [12] nutrients. The brackish groundwater was obtained from a desalination
plant in the northeastern Brazilian backlands (Mandassaia II, Riachão do Jacuípe, Bahia,
Brazil). The water was collected in plastic bottles, transported to the Federal University of
Bahia (UFBA) and frozen at − 18 °C. Part of the brackish groundwater composition was
determined following the Standard Methods (SM) for the examination of water and wastewater
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[13]: conductivity (SM 2510 A/B), salinity (SM 2520C), total dissolved solids (SM 2540C),
total alkalinity (SM 2320 A/B), total hardness (SM 2340 A/B/C), sodium (SM 3120B),
calcium (SM 3120B), magnesium (SM 3120B), potassium (SM 3120B), zinc (SM 3120B),
and copper (SM 3120B). Nitrate, sulfates, bromide, chlorides, and ammonia were determined
by ion chromatography.

Culture Conditions

Prior to the experiments, the water was thawed at room temperature and autoclaved. The
Spirulina sp. LEB 18 inoculums were centrifuged, and the resulting biomass was washed with
distilled water and centrifuged again to remove salts. Erlenmeyer-type photobioreactors with a
volume of 1 L were used. Under aseptic conditions, 800 mL of brackish groundwater as well
as Spirulina sp. LEB 18 washed biomass (~ 0.3 g L−1) was added to the Erlenmeyer flasks.
The experiments were performed in duplicate, during which the cultures were supplemented
with different concentrations of Zarrouk nutrients (25, 50, 75, and 100%). Control experiments
were performed without addition of brackish groundwater and using 100% Zarrouk culture
medium. The duration of the experiments was 7 days, which were conducted in a growth
chamber at 30 °C with a 12-h light/dark photoperiod. Fluorescent tubular lamps with a light
intensity of 41.6 μmolphotons m−2 s−1 were used as the energy source [14]. Air that was filtered
through glass wool in order to remove contaminants was used to agitate the cultures. The
cultures were replenished with water daily prior to sample withdrawal.

Determination of Growth Parameters and pH

The biomass concentration of Spirulina sp. LEB 18 was determined daily by measuring the
optical density of the cultures in a spectrophotometer at a wavelength of 670 nm. A standard
curve was constructed prior to the experiments that correlated the optical density of the
inoculum with its dry mass [15]. The growth parameters were determined daily for each of
the cultures. Productivity was determined by the equation PX = (Xt − X0)/(t − t0), where Xt is the
biomass concentration (g L−1) at time t (days) and X0 is the biomass concentration (g L−1) at
time t0 (days). The maximum specific growth rate was calculated based on linear regression of
the growth of the cultures during the log phase. The pH was also monitored daily with a digital
pH meter.

Table 1 Composition of brackish groundwater from Brazilian Northeastern backlands (Mandassaia II, Riachão
do Jacuípe, Bahia, Brazil)

Brackish groundwater Value Brackish groundwater Value

pH 8.50 Sulfates 44 mg L−1

Conductivity 9323 μS cm−1 Magnesium 17.5 mg L−1

Salinity 5.49 g L−1 Potassium 15.4 mg L−1

Total dissolved solids 4.67 g L−1 Bromide 11 mg L−1

Total alkalinity 424 mg CaCO3 L−1 Chlorides 2782 mg L−1

Total hardness 356 mg CaCO3 L−1 Ammonia 0.98 mg L−1

Sodium 832 mg L−1 Zinc 0.15 mg L−1

Calcium 114 mg L−1 Copper 0.02 mg L−1

Nitrate 46.8 mg L−1
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Biomass Composition

The biomass was recovered from the liquid medium by centrifugation at the end of the
experiments, washed with distilled water, and centrifuged again to remove the total salts.
Subsequently, the biomasses were frozen in an ultrafreezer, lyophilized, and maintained at − 20
°C until analysis. The protein concentration was measured by Lowry, a colorimetric method
using bovine serum albumin as a standard [16] after thermal and alkaline pretreatment of the
microalgal biomass. The carbohydrate concentration was determined using the phenol-sulfuric
method based on a standard glucose curve [17]. The biomass used for the analysis of proteins
and carbohydrates was submitted to pre-treatment for cellular disruption. This procedure
consisted of preparation of extract, containing 5 mg of biomass and 10 mL of distilled water,
which was sonicated in an ultrasonic probe (COLE PARMER CPX 130, Illinois, USA) with
10 cycles of operation (1 min on and 1 min off ). The ash was measured based on the method
described by the Association of Official Analytical Chemists [18]. The lipid concentration was
determined by the Folch method [19]. The fatty acids were transmethylated and then separated
and identified by gas chromatography equipped with a flame ionization detector (Clarus 680;
Perkin Elmer®). The DB-FFAP column (30 m × 0.32 mm × 0.25 mm) and commercial fatty
acid methyl esters (FAME) were used for the fatty acid identification. The injector and detector
temperatures were 250 °C and 280 °C, respectively. The temperature program used was 150
°C for 16 min, increasing by 2 °C min−1 up to 180 °C (maintained for 25 min); increased by 5
°C min−1 up to 210 °C (maintained for 25 min). Helium (1.0 mL min−1) was used as the carrier
gas during the analysis. FAME were identified by retention time comparison with a mixture of
known patterns (C4–C24, 18, 919-AMP; Sigma-Aldrich®). The fatty acids were quantified by
percentage (%) of total lipids and compared with internal standard methyl tricosanoate (C23:0,
Sigma Aldrich®). The Clarus Chromatography Workstation software was used to determine
the peak areas to normalize the percentage of total fatty acid [20, 21].

Theoretical Conversion of Biomass Carbohydrates to Ethanol

From the concentrations of carbohydrates in the biomass of Spirulina sp. LEB 18, calculations
of the theoretical conversion of this biomolecule into ethanol were performed. Towards that, it
was considered a calculation basis for 100 g of biomass, 0.511 of constant theoretical
stoichiometric conversion of glucose to ethanol, and 70% efficiency of ethanol formation
[22, 23].

Statistical Analysis

The statistical analysis was conducted based on analysis of variance followed by Tukey’s test
at a 95.0% confidence level.

Results and Discussion

Growth Parameters

The brackish groundwater was rich in chlorides, sodium, and calcium. In addition, other
important elements for the metabolism of microalgae were detected, such as nitrate, phosphate,
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magnesium, potassium, zinc, and copper (Table 1). Ammonia present in brackish groundwater
can be toxic to microalgae cultures, depending on its concentration [11]. However, the growth
of Spirulina sp. LEB 18 cultures cultivated in brackish groundwater with a very low ammonia
concentration (0.98 mg L−1) was not inhibited. The maximum biomass concentration obtained
for Spirulina sp. LEB 18 cultures cultivated in 100% brackish groundwater supplemented with
25% and 75% of Zarrouk nutrients were the same (p < 0.05) as those obtained for the control
cultures (Table 2). In addition, cultures cultivated in 100% brackish groundwater supplement-
ed with 25, 50, and 75% of Zarrouk nutrients had the same productivities (p < 0.05) as the
control culture. The maximum specific growth rates were the same (p < 0.05) for cultures
grown in 100% brackish groundwater containing 25, 50, or 75% Zarrouk nutrients. The
cultures cultivated in 100% of brackish groundwater with 100% Zarrouk nutrients supple-
mentation had no increase in biomass during cultivation, most likely due to the high amount of
salts that were present. However, the rest of the brackish groundwater cultures showed growth
from the first day of culture that ended at 10 days, still during the exponential phase of cell
growth (approximately 1 g L−1; Fig. 1).

The Zarrouk medium, ideal for the growth of Spirulina sp. LEB 18, has a high salt
concentration. Thus, the high salinity of the brackish groundwater used during cultivation
may not have had an impact on the adapted microalgal cells, which explains the absence of a
physiological adaptation in the cultures supplemented with 25, 50, and 75% Zarrouk nutrients.
These results demonstrate the potential of brackish groundwater as a basic water source during
Spirulina sp. LEB 18 cultivation. According to Borowitzka and Moheimani [24], the use of
this type of water is the most sustainable way to carry out microalgae cultivation on a large
scale, as it does not compete with the use of freshwater for agriculture.

Matos et al. [10] cultivated Nannochloropsis gaditana microalga using DC and obtained
the greatest biomass concentration in the cultures with 75% of F/2 culture medium and only
25% of DC. Volkmann et al. [9] cultivated Spirulina platensis with 100% of DC and 50% of
Paoletti culture medium and obtained biomass concentrations similar to those produced during
the present study (~ 1 g L−1). However, in the present study, the best results were obtained
when using 100% brackish groundwater and Zarrouk nutrients supplementation of only 25%,
which is advantageous in terms of reducing nutrient costs during cultivation.

The initial pH values of the brackish groundwater cultures were similar to those of the
control culture. The pH values of the cultures ranged from 9.25–10.30 (control), 9.15–10.05
(25% supplementation), 9.18–10.13 (50% supplementation), 9.27–10.19 (75% supplementa-
tion), and 9.3–8.5 (100% supplementation). With the exception of the culture with 100%

Table 2 Maximum biomass concentration, biomass productivity, and specific growth rate obtained for the
Spirulina sp. LEB 18 cultures grown with 100% brackish groundwater and different concentrations of Zarrouk
nutrients

% Zarrouk supplementation Xmax

(g L−1)
Pmax

(g L−1d−1)
μmax

(d−1)

Control 1.07 ± < 0.01a,b 0.15 ± < 0.01a 0.42 ± < 0.01a

25 0.94 ± 0.10b,c 0.12 ± 0.03a 0.21 ± 0.01b

50 0.87 ± 0.03c 0.11 ± 0.01a 0.21 ± 0.04b

75 1.19 ± < 0.01a 0.18 ± < 0.01a 0.28 ± < 0.01b

100 0.18 ± 0.01d – –

The same letters in the same column indicates that there is no significant difference between the values at a 95%
confidence level (p > 0.05)
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Zarrouk nutrients supplementation, the rest of the cultures tended to show an increase in pH
during cultivation due to the microalgal growth. The pH ranges of the brackish groundwater
cultures are within the values considered optimal for the growth of species from the genus
Spirulina [25].

Biomass Composition

The final biomass composition of Spirulina sp. LEB 18 cultures containing 100% brackish
groundwater was influenced by the concentrations of Zarrouk nutrients that was used (Fig. 2).
The main biomolecules that were affected were proteins and carbohydrates. The protein
content in the final biomass was inversely proportional to the concentration of Zarrouk
nutrients used, while the content of carbohydrates was proportional to the concentration of
Zarrouk nutrients. The biomass obtained in the culture containing 100% brackish groundwater
and 75% Zarrouk nutrients had approximately 3-fold more carbohydrates and 4-fold less
proteins when compared with the control culture. In addition, even cultures supplemented with
only 25% Zarrouk nutrients had a carbohydrate production that was increased approximately
2.7-fold.

Leema et al. [26] also observed a reduction in proteins and an increase in carbohydrates in
seawater cultures of Spirulina platensis. However, in the present study, cultures containing
100% brackish groundwater had an increase in carbohydrates that was approximately 2-fold
greater than that of the seawater cultures cultivated by Leema et al. [26].

The carbohydrates produced by microalgae are intended to serve as a structural component
in cell walls and as a storage component within the cell. As storage biomolecules, carbohy-
drates provide the energy required for metabolism in microalgae subject to stress. Thus, the
increase in the saline concentration in the cultures may have caused the elevation of osmotic

Fig. 1 Spirulina sp. LEB 18 biomass concentrations obtained during cultivation with brackish groundwater and
different percentages of Zarrouk culture medium: (ο) (control); (+) 25%; (□) 50%; (Δ) 75% and (∇) 100%
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pressure in the medium and, consequently, led to an increase in carbohydrate production in
order to protect the cells [27–29]. The biomasses with high amounts of carbohydrates that were
obtained from the Spirulina sp. LEB 18 cultures grown in brackish groundwater have the
potential to be used for bioethanol production. While in the control cultures the bioethanol
production was 6.35 mL, in the cultures with brackish groundwater, this production quadru-
pled to 25.84 mL (assay with 100% brackish groundwater with supplementation of 75%
Zarrouk nutrients). The main advantage in obtaining biofuels from microalgal biomass is that,
unlike biofuels from terrestrial lignocellulosic plants, their carbohydrates do not contain lignin,
and the cells are not usually recalcitrant, which reduces the processing and costs associated
with pretreatment [30]. To obtain reserve biomolecules (carbohydrates and lipids) from
microalgal biomass, the cultures are usually subjected to stress, which leads to reduced
productivity in many cases [31–33]. However, in this study, the biomasses contained high
levels of carbohydrates and had similar productivity to that of the control culture, which allows
for the production of bioethanol from microalgae cultivated in brackish groundwater to be
quite advantageous.

Spirulina sp. LEB 18 cultures cultivated in brackish groundwater had varying protein concen-
trations within their biomass (20 to 40%) andwere smaller (p > 0.05) than the control culture.Matos
et al. [11] also observed a decrease in the amount of protein in Chlorella vulgaris biomass when it
was cultivated with DC. The reduction in protein may be related to the redirection of energy to
processes such as osmoregulation instead of the synthesis of biomolecules [34]. The protein fraction
in Spirulina biomass is recognized for its excellent composition in terms of essential amino acids
[35]. In addition, when compared with traditional protein sources such as meat or soybeans,
microalgae biomass has the advantages of rapid cell growth, reduced culture costs, and a lack of
competition with other types of food production. In this way, the use of Spirulina sp. LEB 18 as a
protein source for the human diet is a sustainable alternative that can be used to satisfy growing
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worldwide demand. In addition, microalga proteins can be used for the production of biofilms,
emulsifiers, and other products [36–38].

The lipid concentration in the biomass obtained from Spirulina sp. LEB 18 cultures
cultivated in 100% brackish groundwater and 25 and 50% of Zarrouk nutrients was not
affected and was equal to that of the control culture (p < 0.05). However, a reduction (p >
0.05) in lipids was observed in the cultures grown in 100% brackish groundwater and 75%
Zarrouk nutrients, which may have occurred due to changes in metabolism that prioritized the
production of carbohydrates. Conversely, the concentration of fatty acids in the cultures grown
in 100% brackish groundwater and 75% Zarrouk nutrients was 3.4-fold greater than that in the
control culture (Table 3). In general, cultures grown in brackish groundwater had higher
concentrations of fatty acids than the control culture. According to Fon Sing et al. [39], in
order to adjust to changes in salinity associated with membrane permeability in cells,
microalgae activate an adaptive osmoregulatory mechanism, which leads to a greater produc-
tion of saturated fatty acids. In addition, polyunsaturated fatty acid (PUFA) concentrations in
the cultures grown in brackish groundwater were higher than those in the control culture and
increased in proportion to the supplementation with the Zarrouk medium. Fujii et al. [40] also
observed that PUFA concentrations increased proportionally to the salinity of the medium and
suggested that the enzymes responsible for the increase in the production of these biomole-
cules were involved. PUFAs are very important for human and animal health and are widely
used to prevent and treat heart and inflammatory diseases and for nutritional supplementation
[41–43].

For biodiesel production, it is important that the lipid composition consists of saturated and
long fatty acids, which provide biofuel with greater calorific value, cetane number, and
oxidative stability [44]. In addition, shorter and unsaturated fatty acids are also important for
biodiesel production, as they contribute to the characteristics of viscosity and flow at low
temperatures [45]. Therefore, considering that all of the cultures grown in brackish ground-
water contained more than 50% saturated fatty acids, in addition to short and unsaturated fatty
acids, it has been verified that the lipids derived from these cultures are strong candidates for
use in biodiesel production.

The amount of ash contents was the same in all of the cultures (p < 0.05), most likely due to
the washing performed at the end of the cultivation period, which removed the mineral salts
that were present. In the cultures cultivated in 100% brackish groundwater and 100% Zarrouk
nutrients, there was no biomass production, so it was not possible to characterize the presence
of biomolecules.

Table 3 Fatty acid profiles (mg glipid−1) obtained from the Spirulina sp. LEB 18 cultures grown in 100% brackish
groundwater and in different concentrations of Zarrouk nutrients

Fatty acid Trivial names Control 25% 50% 75%

C11:0 Hendecanoic ND 113.35 ± 0.08 22.28 ± 1.55 36.60 ± 0.49
C16:0 Palmitic 79.18 ± 0.36 157.89 ± 0.15 142.96 ± 2.04 279.88 ± 0.54
C18:1w9c Oleic 25.18 ± 1.60 110.27 ± 0.51 52.90 ± 0.43 71.77 ± 0.54
C18:2w6c Linoleic 22.59 ± 0.58 45.03 ± 0.07 38.70 ± 0.49 59.46 ± 0.48
C18:3w6 γ-Linolenic 40.24 ± 0.60 24.97 ± 1.72 66.51 ± 0.53 149.30 ± 0.35
Others 9.75 ± 1.63 22.22 ± 0.27 14.42 ± 0.05 –
Total 176.94 ± 4.77 473.73 ± 2.80 377.77 ± 5.09 597.01 ± 2.40
Saturated 83.05 ± 1.72 293.46 ± 0.50 179.66 ± 3.64 316.48 ± 1.03
Unsaturated 93.89 ± 3.05 180.27 ± 2.30 158.11 ± 1.45 280.53 ± 1.37
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Conclusion

The productivities of Spirulina sp. LEB 18 cultures with 100% brackish groundwater were
equal to the control assays. The production of carbohydrates and polyunsaturated fatty acids by
the microalga was increased by as much as 4- and 3.3-fold, respectively. The lipid composition
of the biomass had an ideal combination of saturated and unsaturated fatty acids, which is
important for biodiesel production. It was possible to demonstrate the potential benefits of the
use of brackish groundwater in the cultivation of Spirulina sp. to obtain high-quality biomass
that could be utilized for different biotechnological purposes.
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