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Abstract Vinasse is a residue of the sugarcane industry. It can
be biodigested or not, in this case referred as conventional. The
conventional or biodigested vinasses have high content of or-
ganic matter and mineral elements, leading to their common use
as soil fertilizer for the sugarcane crop. However, vinasses are
toxic residues and they can salinize the soil if used toomuch. On
the other hand, the production of photosynthetic microalgae is
costly and using a residue to support its growth may contribute
to cost reduction. However, because of the vinasse dark color
and toxicity, high dilution is necessary to accomplish microalgal
growth. Here we present results on the growth and biomass
yield of Chlorella vulgaris in conventional and in biodigested
vinasses that have been treated by filtration or centrifugation
before their use as microalgae culture medium. A concentration
range of 10 to 100%was tested andmicroalgal growth occurred
in vinasse concentration as high as 80 %, with no nutrient addi-
tion. We evaluated pH, electrical conductivity, absorbance at
570 nm, and cell density every 24 h in a 6-day incubation
experiment. Specific growth rates were calculated and the re-
sults showed that in 60 % filtered conventional and 80 %
biodigested vinasses, C. vulgaris performed as well as the con-
trols in nutrient rich synthetic culture media, with growth rates
of up to 1.2 day−1. Thus, we propose the use of treated vinasse
as culture medium for lowering the costs of microalgae produc-
tion, with the advantage of increasing the residue value.
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Introduction

Ethanol is a biofuel produced from the fermentation of carbo-
hydrate rich plants, such as sugar cane, sugar beet, soybean,
and corn. After the oil crisis in 1975, the Brazilian production
of ethanol from sugar cane has increased. As a consequence,
the generation of its waste product, called vinasse, has also
increased. In spite of the investments in new technologies to
increase the ethanol productivity decreasing the residue gen-
eration, 12 to 18 L of vinasse are still produced per liter of
ethanol. It has been registered an increasing demand for etha-
nol as biofuel, leading to the production of 286 × 1011 L
vinasse in 2014 (Brasil 2015).

Vinasse is a dark brown liquid that has high turbidity, high
content of organic matter andmineral nutrients, high biochem-
ical oxygen demand and low pH (Silva et al. 2007). It is fetid
and corrosive. This residue can be toxic and difficult to dis-
pose of, with a contaminating potential about one hundred
times greater than domestic sewage. Its disposal in aquatic
environments is harmful to the microorganisms and wildlife
in general (Silva et al. 2007). As a consequence, its release
into water bodies is prohibited, forcing industries to seek ways
for its disposal. An alternative has been its use as fertilizer in
sugar cane crops from the alcohol production plant itself be-
cause of its high nutrient and organic matter contents. This use
ends up stimulating the soil microbial activity and provides
economy of fertilizers and water in the sugar cane crops.
However, Silva et al. (2007) showed that such practice can
result in soil salinization because of the high content of potas-
sium in the vinasse. In addition, this can lead to groundwater
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contamination, turning such excessive application into a prob-
lem, not a solution for the residue disposal.

Vinasse can be biodigested in the alcohol production
plants, a technology that, at the same time, modifies vinasse
and generates energy for the sugar and ethanol production
(Szymansky et al. 2010). Vinasse biodigestion is an anaerobic
fermentation whose main product is a biogas composed of
methane, carbon dioxide, nitrogen, water vapor and hydrogen
sulfide. This biogas has the advantages of lower price and less
polluting potential in comparison with fossil fuel, in addition
to being a renewable resource (Szymansky et al. 2010).
Literature has shown that burning this biogas can make the
ethanol production plant sustainable in relation to its electric-
ity consumption (Lamonica 2006), since this technique allows
the industry to generate all the energy required. So, this prac-
tice is increasing. However, the vinasse inorganic nutrients
persist after its biodigestion. Therefore, a proper destination
for this residue, the biodigested vinasse, is still required.

Microalgae are a known source of carotenoids, carbohy-
drates, vitamins, unsaturated fatty acids, and other bioac-
tive substances (Borowitzka 2013). In addition, they pro-
mote CO2 fixation through photosynthesis, a desirable
ability related to the greenhouse effect. However,
microalgae production is expensive and demands high vol-
umes of water and requirements of energy (Pires et al.
2013). Thus, growing them using a residue as a comple-
ment in the culture medium can reduce costs and save
water (Pires et al. 2013). Because vinasses not biodigested
(conventional) or biodigested are liquid and rich in nutri-
ents, their use as substrate for microalgae growth can be a
means for reducing the residue’s eutrophic potential, at the
same time that decreases costs in microalgae production.

Oliveira (1988) was a pioneer on the cultivation of
microalgae in vinasse. She used 0.1 to 0.5 % conventional
(not biodigested) vinasse mixed with artificial culture me-
dium to grow Chlorella vulgaris. The author observed het-
erotrophic growth of C. vulgaris in the absence of light and
mixotrophic growth under illumination. It indicates the
importance of both mineral nutrients and organic
materials provided by vinasse in the growth of this alga.
Recently, Marques et al. (2013) demonstrated that diluting
biodigested vinasse with wastewater at the concentration
of 0.2 % enabled the growth of C. vulgaris. Confirming
these results, Vieira (2013) showed that vinasse is better
than glycerol for the mixotrophic growth of microalgae.

In common, studies about microalgae cultures in vinasse
have been achieved at high dilution of the residue. In most
cases, the conventional or biodigested vinasses are used at
0.1–20 % concentrations, making this use not a solution for
the disposal of the residue. We consider that this is an indica-
tion that previous treatment of the conventional or biodigested
vinasses can improve their quality and support better
microalgae growth.

This research aimed at growing the chlorophyte microalga
C. vulgaris in high concentrations of pretreated conventional
or biodigested vinasses from the sugar cane industry. A filtra-
tion in smectite clay and, after, in activated charcoal was per-
formed in the raw vinasses, making them less dark, allowing
light to enter in the medium and increasing the photosynthetic
activity of the microalgae. Conventional and biodigested fil-
tered vinasses were compared as medium to support
microalgal growth and cell yield.

Material and methods

The strain ofChlorella vulgaris LBA 01, used in this research,
was isolated from the Sewage Treatment Station (STS) of São
Carlos, an organic rich environment. It was maintained in the
culture collection of the Algae Biotechnology Laboratory at
the Federal University of São Carlos (UFSCar) in LC Oligo
culture medium (AFNOR 1980).

Conventional (vinasse without biodigestion) and
biodigested vinasses were used for the experiments. They
were obtained from Usina São Martinho (São Paulo, Brazil),
an alcohol production plant, approximately 30 days after the
beginning of the harvest of vinasse generation. Polypropylene
flaks (20 L) were used for vinasse collection (40 L of each
vinasse). The flasks were washed with neutral detergent and
10 % HCl, and rinsed with distilled water. After collection
vinasses were let cool to approximately 40 °C. Then they were
distributed into previously washed 1 L polypropylene bottles
and then frozen at −8 °C until use. Due to the high organic
matter content of the vinasses (Silva et al. 2007), freezing is
necessary to avoid degradation of the material.

Before use, both conventional and biodigested vinasses
were subjected to one of the two treatments described below
in an attempt to clarify them. One of the treatments consisted
of filtering the conventional or biodigested vinasses through a
mixture of smectite clay and coarse sand and then through
activated charcoal (Synth, Brazil) as described in a patent
resulting from our work (Candido and Lombardi 2016). The
other vinasses clearance treatment was centrifugation at
3920×g for 10 min, 10 °C. According to preliminary tests,
the speed and time of centrifugation were the minimum
necessary to separate the yeast from the vinasse, resulting
in reduced competition of this microorganism with
microalgae of interest in cultures. Before microalgae inoc-
ulation, the vinasses were defrosted and submitted to one
of the two described clearance treatments. Both the filtra-
tion and centrifugation procedures removed most of the
yeast, resulting in cleaner residues. Yeast cell counts re-
vealed that about 105 cells mL−1 were originally present
in the conventional vinasse while 108 cells mL−1 were de-
tected in the biodigested one. The filtration or centrifuga-
tion treatments removed more than 95 % of these yeasts. In
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this way, such procedures have made the vinasses more
appropriate media for microalgae growth. Figure 1 shows
the treatments of the conventional and biodigested
vinasses.

Experimental cultures were grown in 250-mL flasks con-
taining 150 mL of non-sterilized medium, which consisted of
treated conventional or treated biodigested vinasses at 10, 20,
30, 40, 50, 60, 70, 80, 90, and 100 % concentrations, which
were achieved with distilled water. No extra nutrients were
added to the media. Controls were performed in LC Oligo
synthetic media (AFNOR 1980), which contained no vinasse.
As a reference of high microalgae cell yield, cultures of
C. vulgaris were also grown in BG11 culture medium
(Rippka et al. 1979) used as a second control. This is a highly
nutritive medium commonly used in large-scale microalgal
cultures because of the high biomass yield it supports. Four
experimental treatments were performed considering the con-
centrations mentioned above: filtered conventional vinasse,
centrifuged conventional vinasse, filtered biodigested vinasse,
and centrifuged biodigested vinasse. Vinasses were not steril-
ized, but the distilled water used for the vinasses dilutions and
the controls was sterile (autoclave, 121 °C, 20 min).

Controls and treatments had the pH adjusted to 7.0 before
inoculating to achieve a better microalgal growth. The culti-
vations were carried out in a residue that allows coexistence of
contaminants (bacteria and fungi, including yeast) that results
in acidification of the medium, so the pH needed to be adjust-
ed to ∼7.0; otherwise, an extended lag phase would be ob-
served. Although C. vulgaris grows well in mildly acidic—
near neutrality pH (Mayo 1997), adjusting the pH was impor-
tant to avoid a major impact on the microalgae. However, it
should be mentioned here that vinasses can have an inherent
buffering effect (Lopes et al. 2013), so it takes more alkaline
or acidic solutions in comparison to controls to adjust its pH.
Three experimental replicates were performed for all condi-
tions described.

Cultures lasted 6 days and the experiments had 5 × 104

cells mL−1 initial cell density, whose inoculants were ob-
tained from exponentially growing cultures. Inoculum
was obtained from physiologically activated algal cells
that were obtained through three transfers of microalgae
culture in LC Oligo medium in their exponential phase.
Experiments were kept under controlled conditions of
temperature (24 ± 1 °C) and light intensity (150 μmol
photons m−2 s−1) inside the flasks, obtained by varying
the distance between the flasks and the light sources de-
pending on the concentrations of vinasse.

Cultures were monitored for pH (Logen Scientific pH
meter, Brazil), conductivity (Hach HQ, Multimeter,
USA), cell density and optical density at 570 nm
(FEMTO Scan 800 XI spectrophotometer, Brazil).
Although unusual, the 570 nm wavelength was used be-
cause it is related with total particulate material in the
medium, being algal cells or other non-chlorophyll
containing contaminants, such as bacteria and fungi, in-
cluding yeast (Costa et al. 2003; Lourenço 2006). Cell
density was measured by cell counts using a Fuchs-
Rosenthal chamber under an optical microscope (Nikon
Eclipse E200, Japan). Formaldehyde at 4 % was added
to fresh culture aliquots, preserving cells to be counted
later. Growth rates were obtained by plotting the natural
logarithm of cell density (cell mL−1) as dependent vari-
able vs time (days) as independent variable. This resulted
in straight lines during the exponentially growing phases
that were determined by linear regression. The slopes of
the linear regression equations represent the specific
growth rates.

Physicochemical characterization of conventional and
biodigested vinasses in their raw, centrifuged and fil-
tered forms before being used in the cultures were car-
ried out at the ASL Environmental Analysis, Laboratory
St. Luke, Rio Claro/SP, Brazil. The analyses of vinasses

Fig. 1 Vinasses treatments.
Treatments carried out in
conventional and biodigested
vinasses before algal culture
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were also performed after cultivation in the conditions
that allowed the best microalgal growth, e.g., the 60 %
conventional and 80 % biodigested filtered vinasses.

Data were plotted using the program Origin 8.5. Statistical
analysis was performed using the program R. Result compar-
ison was performed using the ANOVA and Tukey tests
(p < 0.05).

Results

The mean values of pH and optical density at 570 nm for
conventional and biodigested vinasses in their raw and
treated forms before the beginning of the experiments,
as well as the physicochemical characterization of the
vinasses are reported in Table 1. In general, the filtering
process promoted a greater reduction of minerals than the
centrifugation, and the algal cultivation caused further re-
ductions in these values. The conventional vinasse pH
was acid, but near neutral for the biodigested vinasse in
their raw forms. However, after the filtering process, the
pH increased. High absorbances at 570 nm, which indi-
cates the presence of particulate material (Costa et al.
2003; Lourenço 2006), can be a problem for photosyn-
thetic microalgae growth due to reduction in light

penetration in cultures. After filtering vinasses, a 90 %
decrease in 570 nm absorbance was obtained.

Figure 2 shows the daily pH variation, represented by the
average values from all the concentrations of each treatment,
as function of time. It shows an initial pH decrease for the
conventional vinasses (filtered or centrifuged), but an increase
in the biodigested ones (filtered or centrifuged).

Figure 3 shows the mean values of conductivity and absor-
bance in 570 nm for the cultures. The conductivity values

Fig. 2 pH. Daily average of pH values as function of time (days) for the
(×) control in LC Oligo and the vinasse treatments: (○) filtered conven-
tional vinasse, (●) centrifuged conventional vinasse, (□) filtered
biodigested vinasse and (■) centrifuged biodigested vinasse. Error bars
represent the standard deviation of n = 3
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Table 1 Physical and chemical characteristics of the vinasses. Values for raw (R), centrifuged (C) and filtered (F) vinasses beforeC. vulgaris cultivation (BC).
Filtered vinasses after cultivation (AC) were also analyzed. UA indicates undetected amount by tests. In parameters without units, the amounts are in mg L−1

Parameters Conventional vinasse Biodigested vinasse

R C F R C F

BC AC BC AC

Total suspended solids 1593 460 UA UA 48,708 480 UA UA

Conductivity (μS cm−1) 18,310 11,330 10,240 9840 18,197 11,120 9292 8755

pH 4.38 4.45 6.79 7.06 7.93 8.05 8.31 8.43

Absorbance at 570 nm 13.34 0.81 0.26 0.31 9,01 1,42 0,73

BOD (5 days of incubation) 18,925.1 11,723.7 4895.3 2767.5 7324.5 4944.6 4566.7 2732.0

COD 27,461.9 21,593.9 7974.3 4589.4 15,980.8 9655.9 7234.6 3639.9

Nitric nitrogen UA UA UA UA UA UA UA UA

Nitrous nitrogen UA UA UA UA UA UA UA UA

Ammonia nitrogen 10.4 9.1 9.7 6.1 134.6 90.7 47.6 0.992

Kjeldahl nitrogen 348.3 245.3 92.4 12.1 455.8 301.3 117.6 10.1

Sodium 1505.0 783.8 35.5 44.2 74.9 60.1 57.4 10.6

Calcium 557.3 479.8 692.5 37.6 867.0 327.8 404.0 85.4

Potassium 3548 2802 3302 2316 3504 3227 2637 1660

Magnesium 351.8 319.5 433.0 286.2 594.5 328.3 398.8 271.0

Sulfate 2079.8 1656.4 1706.1 UA 936.0 UA UA UA

Phosphate 59.2 UA 20.8 UA 75.8 14.5 UA UA

K2O (kg K2O m-3) 3.69 3.36 3.96 2.78 4.22 3.87 3.16 1.99



varied in accordance with the vinasses concentrations. The
higher the vinasse concentration, the higher the conductivity
value. However, as observed in the experiments, they
remained constant in all treatments throughout the experimen-
tal period. In the controls it ranged from 370 to 420 μS cm−2,
while in the highest vinasse concentration, it reached
14,000 μS cm−2 in filtered vinasses at 100 %.

The absorbance at 570 nm suggested an increase of the
particulate material in the cultures as function of concentration
of vinasses and experimental time. As observed under an op-
tical microscope, these absorbance values are mainly due to
contaminants, such as fungi and bacteria, which develop fur-
ther in increasing concentration of vinasse.

Figure 4 shows that 80 and 100 % filtered biodigested
vinasse supported the best exponential growth of C. vulgaris
in filtered vinasses. This treatment had a 1-day lag phase only,
whereas most filtered conventional vinasse cultures presented
longer lag phase.

Figure 5 shows that the highest final biomass yield was
obtained for 10–20 % centrifuged conventional vinasse.
However, considering higher vinasse concentrations, filtered
biodigested vinasse showed best results, with high algal
growth in concentrations of up to 100 %.

Figure 6 shows that, generally, higher growth rates were
obtained in C. vulgaris cultures kept in filtered vinasses in
comparison with cultures at the centrifuged ones, what
applies to both conventional and biodigested vinasses.
With a growth rate of 0.9 day−1, 5.0 × 105 cells mL−1

were obtained in the last day of the LC Oligo control.
Already in the BG11 control, the growth rate of
1.1 day−1 provided 1.5 ×6 cells mL−1 by the end of the
experiment. These results suggest that the best growth
conditions for C. vulgaris were provided by the 80–
100 % filtered biodigested vinasse. The centrifugation
procedure supported comparable growth rates, but at low-
er vinasse concentrations, from 10 to 30 %.

Fig. 3 Conductivity and particulate material. Mean values of a
conductivity (μS cm−2) and b particulate material detected as
absorbance at 570 nm (arbitrary unit) at the 6th culture day for the (×)
LC Oligo control and the vinasses treatments (○) filtered conventional

vinasse, (●) centrifuged conventional vinasse, (□) filtered biodigested
vinasse and (■) centrifuged biodigested vinasse during the experiments.
Error bars represent the standard deviation of n = 3

Fig. 4 Growth curves. Natural
logarithm of the average values of
cell densities (× 105 cells mL−1)
for the controls in (×) LC Oligo
and (+) BG11 and for the treated
vinasses concentrations of: ( )
10 %, ( ) 20 %, ( ) 30 %,
( ) 40 %, ( ) 50 %, ( )
60 %, ( ) 70 %, ( ) 80 %,
( ) 90 %, and ( ) 100 %. a
Filtered conventional vinasse, b
centrifuged conventional vinasse,
c filtered biodigested vinasse, d
centrifuged biodigested vinasse.
Error bars represent the standard
deviation of n = 3
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In general, the filtering promoted a greater reduction of
minerals than centrifugation. The algal cultivation caused fur-
ther reductions in these values.

Discussion

The treatment of filtration from conventional and biodigested
vinasses resulted in cleaner residues that supportedC. vulgaris
growth as well as the controls in LC Oligo and BG11. It
clarified and increased the vinasse pH. The present results
agree with those of Cogo (2011), which showed that the ad-
sorptive capacity of smectite clay is effective for pigment re-
moval from aqueous solutions. Similarly, the activated char-
coal which can have basic or acid adsorptive properties
(Legrouri et al. 2005) may have contributed for the residue
transformations from dark brown acid liquids to cleared near
neutral pH residues, suitable for microalgal growth. The prop-
erties of activated charcoal have been investigated by Pereira
et al. (2008). They reported that activated charcoal can purify
and clarify liquids and gases, being commonly used in waste
treatment and industrial processes. In addition, a direct rela-
tion between absorbance at 570 nm and particulate material
has been demonstrated in Costa et al. (2003). As the filtering
reduced the values of this parameter, we can assign to this
process of filtration the ability to retain particulate materials
from vinasses.

Chlorella vulgaris growth in the control lead to the usual
pH increase observed in synthetic culture medium in the first
3 days of culture, while in the vinasses, this was observed
when the microalgae reached the exponential growth phase.
According to Raven (2007), this indicates a positive balance
of photosynthesis in relation to respiration. However, the ten-
dency observed in the vinasse pH to return to its original
values during the first two days, from near pH 4 for the
conventional and pH 8 for the biodigested vinasse, signals
the buffering effect of the residue that was noticed while

adjusting the pH in the beginning of the experiment. This
buffering effect has been confirmed by Lopes et al. (2013)
who used vinasse in soil and detected increased soil pH buff-
ering in the presence of the residue. On subsequent days, the
increase in culture pH, especially those in filtered vinasses,
corresponded to the algal growth and photosynthetic activity,
which were higher than the respiration of the contaminants.

The conductivity increase related with the vinasses
concentrations are in agreement with literature informa-
tion. Kadioglu and Algur (1992) reported that the organic
matter and mineral contents of vinasse are responsible for
their high conductivity. According to the authors, this may
cause osmotic problems for freshwater organisms, which
can further lead to the degradation of the cells. In the
present work, we observed that in conventional and
biodigested centrifuged vinasses, the more concentrated
the media, the lower the growth rates. This may indicate
that, in these treatments, increases in concentrations of
vinasse and, consequently, in the conductivity of the me-
dium, inhibited algal development. In filtered biodigested
vinasse at 80 %, our best growth condition, the conduc-
tivity was 11 mS cm−1. In the 90 and 100 % concentra-
tions, in which there was a small reduction in cell growth,
the conductivity was 12.5–13 mS cm−1. The difference in
the conductivity values together with the different results
related to C. vulgaris growth in the 80, 90, and 100 %
vinasses, suggest the growth inhibition at the two highest

Fig. 5 Final cell yield. Cell yield (× 105 cells mL−1) for the controls in (×)
LC Oligo and (+) BG11 and for vinasses treatments: (○) filtered
conventional vinasse, (●) centrifuged conventional vinasse, (□) filtered
biodigested vinasse, and (■) centrifuged biodigested vinasse on the 6th
culture day. Error bars represent the standard deviation of n = 3

Fig. 6 Growth rates (day−1) for the controls in (×) LC Oligo and (+)
BG11 and for the vinasses treatments with a conventional vinasse and
b biodigested vinasse. Black bars refer to the cultures in filtered vinasses
and white bars in the centrifuged vinasses. Error bars represent the
standard deviation of n = 3. Similar letters above bars indicate values
do not differ significantly (ANOVA, p > 0.05)
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vinasse concentrations can be due to the conductivity of
the medium.

The absorbance in 570 nm was higher in higher vinasse
concentration, but it does not correspond to increased algal
growth, particularly in the centrifuged vinasse cultures. This
parameter is associated with the total number of cells and
particulate material (Costa et al. 2003; Lourenço 2006), so
the more vinasse in the medium, the higher the value obtained
at 570 nm and the higher the contamination. Despite
C. vulgaris being a good competitor (Safi et al. 2014), exces-
sive amounts of contaminants can make it expend resources
that could otherwise be invested in reproduction. It is difficult
to control contamination in microalgae cultures kept in resi-
dues (Costa and de Morais 2013). Thus, algal growth in res-
idues depends on a balance between the amount of contami-
nants and the availability of growth factors, such as nutrients
and light. Furthermore, due to its own competitiveness,
C. vulgaris may control contamination. The absorbance anal-
ysis (570 nm) showed that contamination is higher in media
where vinasses were centrifuged (and not filtered), which at
high concentrations may have reduced light penetration, so
affecting algal growth.

In general, the filtered vinasses allowed better microalgal
growth, resulting in higher cell yield in comparison with the
centrifuged vinasses. Within the filtered vinasses, the 60 %
conventional and 80 % biodigested vinasses yielded the
highest cell density. Filtering vinasses enabled increased algal
growth in higher concentrations of vinasse than the centrifu-
gation process, especially with biodigested vinasse. This is
probably due to higher light penetration because of lower
particulate material. Furthermore, the best algal growth in
biodigested vinasse confirms the results of Marques et al.
(2013) who showed that the anaerobic digestion pretreatment
of vinasse allowed an increase in the production of
C. vulgaris.

The present results are in agreement with others in the
literature that showed that treated vinasse supports better
growth of photosynthetic microalgae than the untreated resi-
due. Mitra et al. (2012) observed C. vulgaris growth in settled
and siphoned corn vinasse, using the supernatant at 100 %
concentration as culture medium. Similar to our treatment,
theirs sharply decreased the turbidity of corn vinasse. Using
diluted raw vinasses, Marques et al. (2013) obtained growth
rates of 0.76 day−1 for C. vulgaris in 0.2 % of raw biodigested
vinasse diluted with wastewater. Just as in this present study,
they obtained better algae response in biodigested than in
conventional vinasse. However, while the authors used the
concentration of only 0.2 % of raw biodigested vinasse, we
usedmedia with 80% filtered biodigested vinasse, resulting in
an increase of approximately 64 % in the growth rates.

Most investigations on microalgae growth in untreated
vinasse use highly diluted solutions, as was the case of
the pioneer study of Oliveira (1988). The author used

0.1–0.5 % sugar cane vinasse in synthetic culture medi-
um to grow C. vulgaris and identified heterotrophic and
mixotrophic growth. Similarly, Budiyono et al. (2014)
grew Spirulina platensis in 0.8 % biodigested vinasse,
with higher concentrations being toxic to this microalgae.
The authors observed cell membrane and photosynthetic
pigment degradations that were responsible for reducing
the cyanobacterial growth rate to 0.15 day−1. Barrocal
et al. (2010) optimized Spirulina maxima growth in
0.5 % beet vinasse in Schlösser culture medium, increas-
ing the cyanobacterial biomass from 3.5 g L−1 in the
control to 4.8 g L−1. More recently, Coca et al. (2015)
obtained high concentrations of proteins in S. platensis
with the equivalent of 0.01 % of vinasse in synthetic
culture medium. Olguín et al. (2015), using media with
6 % digested vinasse complemented with sodium bicar-
bonate, obtained an increase in total lipid in Neochloris
oleoabundans biomass of up to 38 %, signaling a possi-
ble destiny as biofuel.

The results in Table 1, in which the filtering process
caused greater nutrient removal than centrifugation in ad-
dition to the higher light penetration, are an indication that
the fil tering process favored algal development.
According to Kadioglu and Algur (1992), the high
amount of organic matter and mineral nutrients in vinasse
causes osmotic effects in the algal cells, which can restrict
their development. Additionally, algal growth in vinasse
further contributed to the consumption of the inorganic
and possibly, the organic substances, decreasing the eutro-
phication and polluting potential of the residue (Kadioglu
and Algur 1992; Olguín et al. 2015; Santos et al. 2016).
Similar to what we have shown for C. vulgaris, Mattos
and Bastos (2016) demonstrated that Desmodesmus sp.
cultured in vinasse reduced nitrogen and chemical oxygen
demand in the residue. Given that the main limitation to
the vinasse application on sugar cane crops soil is its high
content of potassium, which can salinize the soil, reduc-
tion of this nutrient up to 50 % promoted by the filtering
process and algal growth can expand the subsequent use
of the treated waste in the soil.

The present results showed that the growth pattern of
C. vulgaris in the vinasses showed a characteristic adaptation
or lag phase before the exponential growth larger than in the
controls. However, in spite of the lag phase, the best condi-
tions of treated vinasses rendered higher final biomass than
the LCOligo control.We obtained aC. vulgaris increase of 32
times, considering the inoculated cell concentration and final
cell yield, in these best conditions. Vieira (2013) grew
Chlorella sp. in 10 % vinasse and obtained a 3.5 times
increase of cell density, while Barrocal et al. (2010) obtained
an increase of 1.4 times only. So, the results represented in this
work include a higher cell increase than those reported in
literature so far.
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In conclusion, specific growth rates for C. vulgaris in fil-
tered biodigested vinasse at 80 % and in filtered conventional
vinasse at 60 % were as high as that obtained in the control in
BG11 (1.1 day−1) and in the same vinasses centrifuged, but at
much lower concentrations. It is the highest growth rate ob-
tained so far for C. vulgaris grown in vinasse. Filtering the
vinasses through smectite clay and activated charcoal allowed
better microalgal growth at higher vinasse concentrations than
in centrifuged vinasses. The highest C. vulgaris cell yield was
obtained in 80 % filtered biodigested vinasse being followed
by the 60 % filtered conventional vinasse.

Based in the present results, which showed that the vinasse
filtering technique is effective as conventional and biodigested
vinasses treatment for their use as microalgae culture media,
we suggest it as a promising strategy to reduce the costs of
microalgae production industry. In addition, it has the advan-
tage of valorizing these residues. However, an optimization of
the filtering process is still necessary for its application in
industrial scale.

Specific studies on C. vulgaris biomass produced in
vinasse can better direct the application of both products, the
algae that is a known source of proteins and lipids along with
other molecules, and the vinasse that will have lower nutrient
content so resulting in less problems of soil salinization when
applied to sugarcane crops as fertilizer.
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