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Heterotrophic growth of Aphanothece microscopica Nägeli in calcium
alginate beads from BG11 medium and vinasse

Cultivo heterotrófico de Aphanothece microscopica Nägeli
imobilizada em alginato de cálcio a partir de meio BG11 e vinhaça

Reinaldo Gaspar Bastos1; Bruna Harumi Ogata2; Victor de Carvalho Matos3;
Geise Cristina de Jesus4; Mariana Altenhofen da Silva5

Abstract
The application of microalgae immobilized in the treatment of wastewater has increased in recent years
with emphasis mainly on the simultaneous removal of carbon and nitrogen, besides other nutrients such as
phosphorus. As for the cellular immobilization methods, the encapsulation system in matrices of macro-
molecules such as alginate has aroused interest due to its characteristics of biodegradability, biocompatibility
and non-toxicity. In this context, the objective of the research was the development of alginate beads for
the immobilization of the cyanobacterium Aphanothece microscopica Nägeli , as well as the evaluation
of growth and ability to remove glucose, as example of organic compound, from the liquid “bulk” phase.
Results indicate the higher specific growth feasibility of heterotrophic growth of immobilized cyanobacteria
Aphanothece microscopica Nägeli on calcium alginate beads from BG11 medium and sugarcane vinasse, with
perspective of continuous removal of organic matter from wastewaters by this microalgae growth system.
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Resumo
A aplicação de microalgas e cianobactérias imobilizadas no tratamento de efluentes tem sido objeto de diversas
pesquisas nos últimos anos, visando principalmente a remoção de carbono e nitrogênio simultaneamente,
além de outros nutrientes como fósforo. Quanto aos métodos de imobilização de microalgas, o sistema de
encapsulação em matrizes de macromoléculas como o alginato tem despertado interesse devido às suas
características de biodegradabilidade, biocompatibilidade e não toxicidade. Neste contexto, o objetivo da
pesquisa foi o desenvolvimento de esferas de alginato para a imobilização da cianobactéria Aphanothece
microscopica Nägeli, bem como a avaliação do crescimento e capacidade de remoção de glicose, como
exemplo de composto orgânico, da fase líquida “bulk”. Os resultados indicaram elevadas velocidades
específicas de crescimento para Aphanothece microscopica Nägeli imobilizada em alginato de cálcio tanto
para o meio BG11 e vinhaça de cana-de-açúcar, sugerindo a viabilidade do processo, com perspectivas de
remoção contínua de matéria orgânica de efluentes a partir deste sistema de cultivo microalgal.
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Introduction

Cell immobilization is a series of techniques used to
maintain microorganisms confined by physical or chem-
ical interactions in a solid matrix or fixed in the surface
of the immobilizing agent. Microbial immobilized should
be preserves the metabolic activity of living cells or en-
zymes in order to improve the productivity of the involved
bioprocesses and reduce the costs of laboratory and in-
dustrial operations (GIESE, 2015). The advantages of
using immobilized systems to free-cell suspensions are
the possibility of using high cellular concentrations, con-
tinuous processes with reuse cells, high volumetric pro-
ductivity, with protecting the cells from damages caused
by environmental stress such as high concentrations of
substrate, pH and shear stress. Particularly, cyanobac-
teria immobilized in matrices may benefit a biotechno-
logical process, either in the production of a specific
metabolite or in the removal of wastewater pollutants (DE-
BASHAN, BASHAN, 2010). Cyanobacteria have been
used for many years for chemical oxygen demand (COD),
nitrogen, and phosphorus removal from industrial and ur-
ban wastewater with cells in suspension or immobilized
(DE-BASHAN; BASHAN, 2010; VIEIRA et al., 2012;
BASTOS et al., 2014; MATTOS; BASTOS, 2015).

The method of immobilization of entrapment is widely
used because of its ease, low toxicity and high cellular
retention capacity. The technique consists of the physical
confinement of a cell population in a hydrophilic gel-
forming polymeric matrix. The pores of the formed matrix
are smaller than the cells contained therein. The most
widely used materials for the production of the gel parti-
cles are the natural polymers agar, k-carrageenan, alginate
and pectin. The major drawback of the immobilization
technique by wrapping is the limitation imposed by intra
particular diffusion of substrates and metabolic products.
The particle size, the diffusivity of the species through the
polymer matrix and the cell concentration in the particle
should be optimized in order to minimize these effects
(PRADELLA, 2001).

Calcium alginate is the polymer matrix most com-
monly used to immobilize microalgae and maintain high
cell viability for long periods. However, the matrix is
fragile in the presence of chelating agents present in the
wastewater, such as phosphate and citrate, which affect
the stability of the matrix, leading to the disintegration and
dissolution (JIMENEZ-PEREZ et al., 2004). The deterio-
ration of alginate spheres due to several factors such as pH
and wastewater composition is still a concern (DRAGET;

SKJAK-BRAEK; SMIDSROD, 1997). However, hypo-
thetically, the degradation of biopolymers beads immersed
over a long time in wastewater, such as vinasse, is mainly
a result of the biological activity of heterotrophic bacteria
that have the capacity to degrade the alginate and not the
nutrients present in the wastewater, after the secondary
effluent treatment. As the degradation of the beads is rel-
atively slow, the culture time is sufficient to efficiently
remove nutrients by microorganisms immobilized in the
particles (CRUZ et al., 2013).

Sodium alginate is a hydrophilic colloidal polysac-
charide extracted from several species of brown algae
(Phaeophyceae) with dilute alkali solutions. The struc-
ture of alginic acid consists of linear chains of residues
of β -D-manuronic (M) and α-L-guluronic (G) acids, co-
valently bound with (1→ 4) type bonds (LIAKOS et al.,
2013). These residues are arranged in the form of MM or
GG blocks, or alternatively linked (MG blocks), having a
widely varying composition and sequence, depending on
the source of the alginate (GARCIA-CRUZ; FOGGETTI;
SILVA, 2008).

Alginate immobilization occurs by crosslinking the
carboxyl groups present in the alginate chain with poly-
valent cations, with calcium chloride being the most used
crosslinking agent. Monovalent cations and Mg+2 ions
do not result in gel formation. The carboxyl groups of
adjacent alginate chains react with the calcium ions to
form a three-dimensional polymer network (DRAGET;
SKJAK-BRAEK; SMIDSROD, 1997). The mechanism
that best describes the formation of alginate gels in the
presence of calcium ions is known as model "egg-box".

Vinasse is the main wastewater from ethanol-
distillation fermentation from sugarcane processing. In
the 2016/2017, from sugarcane harvesting in Brazil, 26
billion liters of ethanol were produced (JESUS, 2018), and,
consequently, about 10 L of vinasse are obtained for each
liter of ethanol (FREIRE; CORTEZ, 2000; CHRISTOFO-
LETTI et al., 2013; MORAIS; BASTOS, 2018). Vinasse
is rich in organic compounds, nitrogen, phosphorous,
and ions (e.g., K+, Ca+2, Mg+2,) and such nutrients
could be incorporated into the microalgal biomass to
maintain growth and produce high-value compounds
(SPOLAORE et al., 2006; SILVA et al., 2017). Vinasse
has been used can promote improvement in soil fertility
if the quantities not exceed their ion retention capacity,
depending on the soil characteristics (JESUS, 2018; BET-
TANI et al., 2019).

Aphanothece microscopica Nägeli is a cyanobacterium
Chorococcaceae that forms blue-green colonies
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(approximately 9.0 - 9.5 µm by 4.0 - 4.2 µm), that has
been studied for wastewater treatment, valorization of
residues, single-cell protein and phycocyanin production
(JACOB-LOPES et al., 2006; JACOB-LOPES et al.,
2007; JACOB-LOPES; LACERDA; FRANCO, 2008;
ZEPKA et al., 2010; BASTOS et al., 2014; MORAIS;
BASTOS, 2018).

Although the cyanobacteria present the photosynthe-
sis as preferential metabolism, several strains can assim-
ilate organic compounds by heterotrophic growth in the
dark using simple organic molecules such as acetate, glu-
cose, and organic acids (FAY, 1983; QUEIROZ et al.,
2007). According to Perez-Garcia et al., (2011), the het-
erotrophic growth approach eliminates the limitation of
light-autotrophic microalgae production, allowing the use
of practically any bioreactor with wastewaters.

In this context, the present worked aimed to evaluate
the heterotrophic growth of Aphanothece microscopica

Nägeli in calcium alginate beads from standard BG11
medium and vinasse.

Material and methods

Inoculum and medium

Inoculum of Aphanothece microscopica Nägeli
was propagated and maintained on BG11 medium
(RIPKA et al., 1979) in gL−1: K2HPO4 (0.030),
MgSO4.7H20 (0.075), CaCl2.2H2O (0.036), C6H8FeNO7

(0.0060), Na2 EDTA (0.001), C6H8O7.H2O (0.0060),
Na2CO3 (0.020), NaNO3 (150), NaCl (0.072), H3BO3

(2.860), MnCl2.4H2O (1.810), ZnSO4.7H2O (0.222),
Na2MoO4.2H2O (0.390), CuSO4.5H2O (0.079),
CoCl2.6H2O (0.040) and pH 7.5. The cultures were
propagated and maintained at the Laboratory of Applied
Microbiology and Control (LABMAC/CCA/UFSCar)
with a 12:12 h (light:darkness) photoperiod with 2 klux.

The sugarcane vinasse used in the experiments was
collected from a Sugarcane Processing Industry located in
Araras, São Paulo, Brazil, being stored in plastic bottles
and kept in the freezer.

Immobilization of cells in alginate beads Sodium
alginate solution was prepared by dissolving 7.0 g of
the polymer in 200 mL of distilled water and calcium
chloride solution from 5 g in 200 mL. Both solutions
were autoclaved (121 ◦C/20 min) and left at room tem-
perature to cool. 71 mL of the alginate solution were
thoroughly homogenized with 29 mL of the inoculum.
This proportion was based on the initial cell count
in the inoculum, around 106 cells per gram of beads.

With the aid of a 20 mL syringe, the mixture was dripped
into 100 mL of the calcium chloride solution and the
beads were allowed to stand in CaCl2 for at least 12 hours
to be consistent, collected by filtration and rinsed with
deionized water.

Experiments

In the cells growth by BGN medium supplemented
with glucose, 50 mL of beads were added in 250 mL
Erlenmeyers Flasks already containing 100 mL of BGN
medium added with 10 g of glucose. The flasks were cov-
ered to prevent light imminence and allows heterotrophic
cultures, under constant stirring (100 rpm) and 25 ◦C in
the dark, for until 30 hours. The experiments were made in
triplicate. The beads were allowed to stand in the medium
and samples were taken for analysis of the size and stabil-
ity of the spheres produced and for counting cells inside
the beads and in the liquid phase.

Samples were periodically taken to perform the count-
ing of cells inside the beads and in the liquid and to an-
alyze the consumption of glucose by the cyanobacteria.
Counting was performed inside and outside spheres (bulk
phase). For inside, each bead was added 1 mL of the cit-
rate solution with subsequent homogenization on a tube
shaker and the counting was done using Neubauer Cham-
ber. Glucose content in bulk phase (BG11 medium) were
determined by the enzymatic glucose oxidase - peroxidase
method with LABORLABr kit.

For the experiments from vinasse, this wastewater was
previously autoclaved at 121 ◦C for 10 minutes, with the
pH adjusted to 7.6. A volume of 50 mL of beads (without
the CaCl2 solution) was added to 100 mL of vinasse,
and the flasks were covered to prevent light incidence.
Samples were taken periodically for verify if the stability
of the beads, cell counting inside and outside particles, and
glucose content in bulk phase (vinasse) were determined
by the enzymatic glucose oxidase - peroxidase method
with LABORLABr kit.

The kinetics parameters were determined based on
equations described by Doran (2000). The maximum spe-
cific growth rate (µmax) was estimated in the exponential
growth phase according to equation (1),

µmax =

ln
(

X1

X0

)
t1− t0

(1)

where X0 and X1 represent the cell concentration at the
beginning and the end of the log-phase, respectively; t0
and t1 represent the log-phase period.
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Results

Figure 1 shows the variation of the normalized bead di-
ameter (ratio between the diameter at the time and initial)
during the growth of the immobilized cells with liquid
phase “bulk” the BG11 standard medium and sugarcane
vinasse.

Figure 1 – Normalized bead diameter during cell growth
in BG11 medium with glucose (◦) and sugarcane vinasse
(�)

Source: The authors.

The results indicate a discrete increase of the diameter
for both conditions due to the swelling of the particles,
suggesting an adequate mechanical resistance in the 72
experimental hours. The variation of the diameter of the
spheres may be related to the degree of swelling of the
matrix. This property is important because modifications
in the polymer matrix caused by swelling will influence
the diffusivity of the nutrients through the spheres (JESUS,
2018).

Figures 2 and 3 present the growth curves for Aphan-

othece microscopica Nägeli immobilized and free cells
with bulk phase BG11 medium with glucose and sugar-
cane vinasse.

Figure 2 – Growth curves of Aphanothece microscop-
ica Nägeli immobilized cells from BG11 medium with
glucose (◦) and sugarcane vinasse (�)

Source: The authors.

It was observed specific growth rate superior in vinasse
(0.12 h−1) when compared to the BG11 medium with
addition of glucose, as can be verified in Table 1.

Figure 3 – Growth curves of Aphanothece microscopica
Nägeli free cells from BG11 medium with glucose (◦) and
sugarcane vinasse (�)

Source: The authors.

Table 1 – Maximum specific growth rates (µmax) for culti-
vation of Aphanothece microscopica Nägeli immobilized
cells from BG11 medium with glucose and sugarcane
vinasse

Growth condition µmax (h−1) R2

BG11 medium + Glucose 0.04 ± 0.002 0.9824

Vinasse 0.12 ± 0.007 0.9081

R2: determination coefficient for linear fit in the semi-log growth plot
Source: The authors.

Table 2 shows the specific growth rates for the
dispersed microbial population in the liquid phase of
the system, i.e. refers to cells that were not immo-
bilized efficiently. In fact, for these microorganisms,
the addition of glucose led to higher specific growth
rates in vinasse (0.17 h−1), since this substrate is sus-
pended in the medium together with the cyanobac-
teria, requiring no diffusion into the interior of the
particles.

Table 2 – Maximum specific growth rates for Aphanoth-
ece microscopica Nägeli cells in bulk phase

Growth condition µmax (h−1) R2

BG11 medium + Glucose 0.03 ± 0.002 0.9629

Vinasse 0.17 ± 0.007 0.9735

R2: determination coefficient for linear fit in the semi-log growth plot
Source: The authors.

Comparing the Tables it is verified that the kinetic data
differ more when using vinasse in comparison to the BGN
medium. This suggests that the loss of cells to the medium
occurs more intensely when vinasse is used, which causes
the growth to be more pronounced in the liquid phase.

However, this information is interesting in terms of pro-
cess development, since the immobilized biomass grows
and can be separated and used with greater ease, while the
biomass that develops outside the particles is responsible
for the removal of compounds and the wastewater. Thus, it
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is identified that, regardless of the form of cultivation (free
or immobilized), the “bulk” nutrient phase determined the
highest specific growth rates.

Because it is a wastewater, the chemical composition
of the vinasse is very variable and will depend on the
composition of the wine to be distilled, the raw material
and the ethanol-fermentation process. However, in general,
it is composed of high levels of organic carbon and salts
(FREIRE; CORTEZ, 2000).

Thus, this medium would allow a more suitable hetero-
trophic growth for the free and immobilized cyanobacteria.
Under some heterotrophic growth conditions, the microal-
gal biomass yields are consistent and reproducible, reach-
ing cells densities of dry biomass per liter much higher
than the maximum cell biomass from autotrophic cultures
(PEREZ-GARCIA et al., 2011).

About organic carbon removal, Figure 4 shows up
to 70% of glucose consumption at 30 hours. Moreover,
it is observed the initial glucose consumption by zero-
order reaction (non-limiting conditions), suggesting that
there was no diffusional limitation of glucose into the par-
ticles. As already reported in the literature, part of this
carbon removal may be due to the biosorption of com-
pounds in the particles (MORENO-GARRIDO, 2008).

Figure 4 – Glucose profile during Aphanotheces growth
immobilized on alginate beads from sugarcane vinasse (�)

Source: The authors.

As biopolymers are capable of absorbing nutrients, they
can thus increase the efficiency of immobilized cells used
in the treatment of effluents (JESUS, 2018). As the struc-
ture of the alginate gel is governed by the kinetics of
formation, it affects the diffusion of solutes in the beads,
leading to a removal of compounds from the bulk phase.

Conclusions

Results indicate the feasibility of heterotrophic growth
of immobilized cyanobacteria Aphanothece microscopica

Nägeli on calcium alginate beads from BG11 medium and
vinasse.

The cell growth kinetic and glucose removal indicate
a perspective of continuous removal of organic matter and
nutrients from vinasse and other wastewaters, keeping the
microalgae immobilized in bioreactor.
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