Revista Brasileira de Ciéncias Ambientais
Brazilian Journal of Environmental Sciences

Tertiary treatment of dairy industry wastewater with production of
Chlorella vulgaris biomass: evaluation of effluent dilution

Tratamento tercidrio de efluente de industria de laticinios com producdo de biomassa de Chlorella vulgaris: avaliacdo

da diluicdo do efluente
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RESUMO

Secondary wastewaters from the dairy industry may cause
eutrophication of water bodies when not properly treated, mainly
because they contain nutrients such as phosphorus and nitrogen.
Tertiary treatment using microalgae could be an adequate solution
for Minas Gerais State, the largest Brazilian milk producer,
contributing to the reduction of environmental impacts, as well
as providing biomass for oil extraction, and obtaining active
compounds and inputs (including proteins) for animal feeding.
In this work, dilutions (with distilled water) of the secondary
wastewater from the dairy industry were evaluated to cultivate
Chlorella vulgaris in a bench-scale tubular photobioreactor.
Theresults indicate the feasibility of using wastewater from the
dairy industry, after secondary treatment, to cultivate microalgae,
showing cell growth like that obtained in control cultures (Bold
basal medium). The secondary wastewater without dilution (100%
wastewater) provided the best condition for biomass production.
The biomass obtained in wastewater showed no differences from
the biomass obtained in the Bold basal medium (control) in terms
of protein, lipid content, or fatty acid profile.

Keywords: microalgae; biomass; tertiary wastewater treatment; dairy
products; lipids.

Efluentes secundarios da industria de laticinios, quando ndo tratados
adequadamente, podem provocar eutrofizagdo de corpos d’agua,
principalmente por conter nutrientes como fésforo e nitrogénio.
O tratamento tercidrio empregando microalgas poderia ser uma
solugdo adequada para o estado de Minas Gerais, maior produtor
brasileiro de leite, contribuindo na reducdo de impactos ambientais,
bem como fornecendo biomassa para extragao de éleos e obtengdo
de compostos ativos e insumos (incluindo proteinas) para nutrigdo
animal. Neste trabalho, avaliaram-se diluigdes (com agua destilada) do
efluente secunddrio da industria de laticinios para cultivo de Chlorella
vulgaris em fotobiorreator tubular em escala de bancada. Os resultados
encontrados indicam a viabilidade do uso de efluente de industria de
laticinios, pds tratamento secundario, para o cultivo de microalgas,
apresentando crescimento similar aquele obtido em cultivos padrdes
(meio basal Bold). O efluente secundario sem dilui¢do (100% efluente)
foi o que apresentou melhor desempenho na produgdo de biomassa.
Além disso, a biomassa obtida em efluentes ndo apresentou diferengas
em relagdo aquela obtida em meio basal Bold (controle), no que se
refere a teores de proteinas, lipidios ou perfil de acidos graxos.

Palavras-chave: microalga; biomassa; tratamento terciario de efluente;
laticinios; lipidios.
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Introduction

Currently, the dairy industry represents an activity of great impor-
tance in the world economy, with Brazil standing out with an annual
production exceeding 35 billion liters (EMBRAPA, 2018). In this coun-
try, Minas Gerais State is its main producer, accounting for approxi-
mately 26% of the national milk production (CONAB, 2018).

The high milk production in Minas Gerais State can cause a prob-
lem related to the generation of liquid wastewater by the dairy indus-
tries, since the amount of generated residual water can significantly ex-
ceed the volume of processed milk, varying from 1 to 6 liters of water/
kg of milk received (Maganha, 2006).

This type of wastewater originates from different dairy industry
operations, such as cleaning equipment and surfaces, sanitizing, heat-
ing, and cooling. Consequently, this wastewater has a high BOD load
(biochemical oxygen demand), COD (chemical oxygen demand), sus-
pended solids (including oils and fats), dissolved organic compounds
(mainly lactose and proteins), besides nutrients such as ammonia and
phosphates (Sarkar et al., 2006).

When the amount of nutrients in these wastewaters presents high
values, mainly nitrogen and phosphorus, it can cause the eutrophica-
tion phenomenon if dumped in a water body without additional treat-
ment. It results in the accelerated proliferation of aquatic macrophytes,
microalgae, and cyanobacteria, producing toxic substances, besides
causing fish mortality, reducing species diversity, among other serious
environmental problems (Maganha, 2006; Barreto et al., 2013).

To meet the environmental requirements, dairy industries
can perform:

« preliminary treatments, such as via coarse screens (removal of
coarse solids), grit chambers, and grease traps;

secondary treatments involving biological processes, such as ac-
tivated sludge, anaerobic filter, up flow anaerobic sludge blanket
reactor (UASB), and stabilization ponds (Machado et al., 2001).

Besides these two treatments, there is a tertiary treatment, involv-
ing the removal of carbonates, ammonium, nitrate, and phosphate.
However, it is rarely performed due to the high cost of the techniques
that must be applied. Thus, a way to solve this problem would be
through treatment involving microalgae cultivation, using residual
water from stabilization ponds as a growth medium (Lourengo, 2006).

In general, biological wastewater treatment is considered more
advantageous over chemical treatment, both ecologically and eco-
nomically. In this context, the use of microalgae can have great po-
tential for application, given the efficiency in the assimilation of car-
bon dioxide, as well as in the removal of nutrients such as nitrogen
and phosphorus (Chinnasamy et al., 2010). Microalgae can remove
up to 90% nitrogen and 96% phosphorus from liquid wastewaters
(Kothari et al., 2013).

The cultivation of microalgae is an efficient option in the tertiary

treatment of wastewaters due to their ability to rapidly develop in en-
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vironments with high loads of nitrogen and inorganic phosphorus and
in mitigating the greenhouse effect caused by excessive CO, emissions.
Moreover, the applicability of the biomass resulting from this process is
a promising opportunity since, in addition to removing nutrients, this
biomass contains compounds with commercial interest, e.g., pigments
and lipids. Therefore, these biomolecules provide us with additional
gain, e.g., obtaining inputs for food supplements, drugs, and biofuels
(Borowitzka, 1999; Derner et al., 2006; Venkatesan et al., 2006).
Besides that, microalgae biomass, along with the effluent from stabi-
lization ponds, can be applied in agriculture and fish farming (Sousa,
2007; Mata et al., 2010).

Microalgae can be grown in open (race-way systems and tanks)
or closed systems (photobioreactors). Closed systems have been in-
creasingly studied more recently, due to the effectiveness in controlling
these microorganisms’ growth and promoting better monitoring of
their physical and chemical parameters (Carvalho et al., 2014).

Chlorella species have been successfully employed in several studies
regarding wastewater treatment (Gupta et al., 2016; Choi et al., 2018;
Rodrigues-Sousa et al., 2021). Kothari et al. (2012) observed not only
the possibility of producing Chlorella pyrenoidosa biomass in pre-treat-
ed dairy industry wastewater, but also the efficiency of this microalgae
in removing nitrogen and phosphorus. Moreover, Peng et al. (2019)
observed that the organic compounds, present in wastewater, increase
the microalgae biomass productivity through the mixotrophic growth
and Bellucci et al. (2020) employed different microalgae species com-
munity (including Chlorella spp.) for the tertiary treatment municipal
wastewater, indicating that these photosynthetic microorganisms also
contributed to the disinfection of wastewater.

In this context, the present work evaluated the use of second-
ary wastewater from the dairy industry (after primary and sec-
ondary treatments) for cultivating the microalgae Chlorella vul-
garis, having the wastewater dilution as an independent variable
and comparing the data of cell growth, biomass productivity, and
biochemical composition of biomass with cultivations in standard
Bold basal medium (UTEX, [s.d.]).

Methodology

Microorganism

In this study, Chlorella vulgaris (CCMA-UFSCar 689) was em-
ployed. It was isolated at the Juréia Itatins Ecological Park (Peruibe
City, Sao Paulo State) (Matsudo et al., 2020), and kept in Erlenmeyer
flasks containing Bold basal medium (UTEX, [s.d.]).

For preparing the inoculum, a small part of the cell suspension was
aseptically added to other Erlenmeyer flasks containing the same sterile
culture medium. The microorganism was kept in batch-type cultures,
under light intensity of approximately 40 pumol photons m s, tempera-
ture of 25°C, initial pH of 7.0, and agitation of 100 RPM. The initial bio-

mass concentration was between 50 and 100 mg.L'".
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Tubular photobioreactor and culture conditions

The photobioreactor was built in the laboratory (Rodrigues-Sou-
sa et al,, 2021), adapting the one described by Ferreira et al. (2012),
consisting of 20 transparent glass tubes (50 cm long and 1 cm internal
diameter), with 2% inclination (1.15°) to facilitate the liquid flow, in-
terconnected with silicone hoses of the same internal diameter. The il-
luminated volume corresponds to 1.26 L, and the total volume of the
system was 2 L. There is a T-shaped tube in the lower part of the reactor
tubes, in which compressed air enters to move the cell suspension into
a flask on the top. In this flask, a porous stone is attached to a hose
with an internal diameter of 4 mm, in which CO, enters to maintain
pH when the solenoid valve opens, controlled by a programmed timer.
Fluorescent lamps of 18 Watts were used to provide light at the intensi-
ty of 40 umol photons m?s.

Secondary wastewater from a dairy industry located in Southern
Minas Gerais State was used. This wastewater results from primary treat-
ment (with sieve and grease traps) and secondary treatment, carried out
by the industry itself, through stabilization ponds (one anaerobic pond
and two facultative ponds). In the laboratory, wastewater was filtered and
frozen until it was used to not lose its original characteristics.

Different dilutions of secondary wastewater with distilled water
were evaluated, obtaining the ratios 1:3 (25%), 1:1 (50%), and 3:1 (75%).
These cultures were compared with those carried out in secondary
wastewater without dilution (100%) and Bold basal medium (control).

Since a low concentration of total nitrogen was detected in the waste-
water, and considering the concentration of residual phosphate, supple-
mentation of this nutrient was carried out, in the form of sodium nitrate,

to obtain the same proportion (N:P) present in the Bold medium.
Analytical methodologies

Determining biomass concentration

Biomass concentration was determined by turbidimetry at 550 nm
(Becker, 2004). To do so, a calibration curve was constructed, cor-
relating absorbance (550 nm) and biomass concentration (dry mass).
Dry mass was gravimetrically determined in filters with a pore diam-
eter of 1.2 um.

Nutrients and chemical oxygen demand analyses

Both the Bold basal medium and secondary wastewater from the
dairy industry were submitted to the following nutrient analyses, be-
fore and after cultivation: total inorganic nitrogen (nitrate, nitrite, and
ammonium) and phosphate. For such analyses, the samples were pre-
viously filtered through a glass fiber membrane (0.45 pm) to remove
organic matter.

Nitrogen in the form of nitrate was quantified by spectrophoto-
metric method, according to APHA (2005). After acidification with
HCI, to avoid interference with CaCO, concentrations, the samples

were subjected to absorbance measurements at 200nm, subtracting the
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absorbance values at 275nm (interference from organic matter). A cal-
ibration curve was drawn up using KNO,.

Nitrogen in the form of nitrite was quantified according to Mack-
ereth et al. (1978) and Carmouze (1994). It is a spectrophotomet-
HONS and

ric method that involves reacting the nitrite with C.H,O,N,

C,H

at 543 nm, and the calibration curve was drawn up with KNO,.

.N,.2HCl in an acid medium. The absorbance is measured with

Ammonium concentration was obtained by a spectrophotomet-

ric method involving the Berthelot reaction, using phenol and di-

chloroisocyanuric acid. Absorbance was measured at 630 nm, and

NH,Cl was used to draw up the calibration curve (Koroleff, 1976; Car-
mouze, 1994).

Phosphate was also quantified by spectrophotometric method,

,0,,4H,0, K,$b,(CH,0), and

CH,O,in acid medium. Absorbance is measured at 885 nm, and solu-

involving reaction with (NH,), Mo

tions with different concentrations of KH,PO, were used for the cali-
bration curve (Strickland and Parsons, 1960; Carmouze, 1994).

Secondary wastewater from the dairy industry was also submitted
to COD (chemical oxygen demand) analysis by colorimetric method,
using potassium dichromate as an oxidative agent, in accordance with
the Standard methods for the examination of water and wastewater
(APHA, 2005).

Analysis of the biochemical composition of biomass

At the end of each cultivation, the resulting biomass was centri-
fuged and dried at 60°C for approximately 12 hours. The pulverized
dry biomass was submitted to the determination of total lipids and to-
tal proteins. Then, the lipid fraction was submitted to the analysis of
fatty acids profile.

The quantification of total proteins was performed by the classic
Kjeldahl method, adopting 6.25 as conversion factor based on the total
nitrogen content (AOAC, 1984).

The quantification of total lipids was performed by the Soxhlet
methodology, based on extraction with organic solvent (Chloroform:-
Methanol; 2:1 v/v) (Pelizer et al., 1999).

Finally, the lipid fraction was recovered in petroleum ether. After the
conversion of fatty acids into their corresponding methyl esters (Hart-
man and Lago, 1973), the analysis of fatty acid methyl esters was carried
out in a gas chromatograph, model 7890 (Agillent Technologies, USA),
equipped with a split/splitless injector and FID detector (flame ionization
detector) in accordance with Pérez-Mora et al. (2016). The identification
of fatty acids in the samples was carried out by comparing the reten-
tion times with those obtained in standards present in “37 Component
FAME Mix” (Supelco).

Data analysis

Cultures were evaluated in terms of maximum biomass concentra-
tion (Xm), and this data was considered to calculate biomass produc-
tivity (Px), according to Equation 1:
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_Xm—Xi

Px =
t

(M

In which:

Xi = the initial biomass concentration;

t = the cultivation time.

Such data, as well as the lipid and protein contents, were compared
by analysis of variance (ANOVA), with a significance level of 0.05, and
Tukey’s test, using the software Minitab 17.

Results and Discussion

Cultivation of Chlorella vulgaris in a tubular photobioreactor

In microalgae biomass production, the culture medium’s choice is
extremely important, combining low cost and adequate conditions for
growth and obtaining the biochemical composition of interest. In the
present work, the use of secondary wastewater from the dairy industry
was evaluated in different ratios with distilled water: 1:3 (25%), 1:1 (50%),
and 3:1 (75%). Wastewater was also used without dilution (100%), and
cultivation in Bold basal medium was carried out as control.

When analyzing the concentrations of nitrogen and phosphorus
in secondary wastewater from the dairy industry, the concentration of
phosphorus (in the form of phosphate) was equal to 14 mg.L. In con-
trast, the total inorganic nitrogen concentration (sum of nitrogen in
the forms of nitrate, nitrite, and ammonium) was lower than 1 mg.L'".
Thus, wastewater was supplemented to maintain the same nitrogen/
phosphorus ratio as the Bold medium, which is 0.77. That is, 10 mg.L"!
of nitrogen in the form of NaNO, was added. Regardless of dilution,
all cultures with wastewater had the same initial supplementation with
the nitrogen source.

Table 1 presents the results of maximum cell concentration (Xm),
and biomass productivity (Px) obtained in the four different conditions
using wastewater, as well as in the standard culture, using the Bold bas-
al medium. Figure 1 shows the average growth curves (resulting from

Table 1 - Maximum Biomass Concentration (Xm) and Biomass
Productivity (Px) for Chlorella vulgaris cultures in wastewater
from the dairy industry

Con gy | e i) |
Control (Bold) 970.60 +48.90 A 112.70 £ 8.54 4
Wastewater 25% 22430+£77.90 © 36.40 + 15.60 ®
545.70 £ 63.70 B¢ 114.79 £6.21 4
667.20 £ 126.00 A8 126.16 £ 5.60 #
742.60 + 114.60 AB 92.58+1.16 4

Wastewater 50%
Wastewater 75%
Wastewater 100%

*Average value obtained by the duplicate; #equal letters do not differ
statistically, according to Tukey’s test, considering a 95% confidence
interval for Xm and Px.
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tests in duplicates) obtained for the four cultures in wastewater and
compared with the standard Bold medium (control).

After analyzing Table 1 and Figure 1, the growth of microalgae was
found to occur satisfactorily in wastewater, even with the lowest con-
centration of nutrients, especially nitrogen and phosphorus (N =41.17
mg.L!and 10 mg.L! and P = 53.25 mg.L* and 14 mg.L", in the Bold
basal medium and the wastewater, respectively).

However, the highest dilutions (Wastewater 25% and Wastewa-
ter 50%) led to a reduction in the maximum biomass concentration
(Xm = 224.30 and 545.70 mg.L"!, respectively), which was lower than
the values obtained in the control culture (Xm = 970.60 mg.L") and
in the wastewater without dilution (Xm = 742.60 mg.L"). The analysis
of variance (ANOVA) confirms that the different experimental condi-
tions significantly influenced this parameter (p = 0.004).

Despite the lower concentration of inorganic nutrients dissolved in
wastewater, compared with the Bold basal medium, satisfactory microbi-
al growth was probably benefited by the presence of organic compounds,
since the COD (chemical oxygen demand) analysis resulted in 524 mg.
O,.L"". This organic compounds promoted the mixotrophic metabolism of
C. vulgaris, which allows the reduction of biomass loss during respiration,
increasing productivity (Yeh and Chang, 2012; Safi et al,, 2014).

Experimental conditions also significantly influenced biomass pro-
ductivity (ANOVA, p = 0.001). In fact, only the highest dilutionled to a
reduction in this parameter (Px = 36.40 mg.L".d*). Although the 50%
wastewater culture resulted in significantly lower biomass concentra-
tion (compared with the control culture), the shorter cultivation time
resulted in statistically similar Px (Px = 112.70 and 114.79 mg.L".d"",
for control and Wastewater 50%, respectively). As shown in Figure 1,
in Wastewater 100% and Control, growth stabilization started on days
7 or 8. In other cultures (diluted wastewaters), this stabilization started
between the 4™ and 6™ days of cultivation.

Therefore, the use of wastewater 100% (without dilution) is rec-
ommended, avoiding the increase in volume and reducing water use
for dilution. Kothari et al. (2012) suggest using Wastewater 75% to
cultivate Chlorella pyrenoidosa. Tests carried out in our laboratory
(Rodrigues-Sousa et al., 2021) show that in the cultivation using Er-
lenmeyer flasks, undiluted wastewater (Wastewater 100%) leads to a
faster pH increase, inhibiting microalgae growth. In the present work,
however, in a tubular photobioreactor, pH control with automated ad-
dition of pure CO, was probably the factor that favored the growth of
Chlorella vulgaris even in undiluted wastewater.

Another factor to be highlighted here is nitrogen supplementation
efficiency (in the form of NaNO,) to guarantee the N:P ratio present
in the Bold basal medium (N:P = 0.77). McGinn et al. (2011) point
out that when growth is limited by a certain nutrient, the consequence
is a decrease in the absorption of others. Therefore, the the medium
components ratio can interfere in the yield of cultures, biomass bio-
chemical composition, and the accumulation of certain nutrients in the

extracellular medium.
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Nutrient analysis

Nutrient analyses were carried out to verify the consumption of
inorganic nutrients, total inorganic nitrogen (sum of nitrogen in
the forms of nitrate, nitrite, and ammonium), and phosphorus (in the
form of phosphate) after the cultivation as a way of tertiary treatment
of industrial wastewater. It enabled calculating the efficiency of these
nutrients’ consumptions in each culture. The results of total inorganic
nitrogen analyses for the cultures are shown in Table 2, and the results
of the phosphorus analyses are shown in Table 3.

The results presented in Table 2 show a satisfactory efficiency in
terms of total inorganic nitrogen consumption in all cultivation with
wastewater with respect to the control, all of which have consumption
efficiency of 96 to 98%. This efficiency in the consumption of total ni-
trogen is of great interest for wastewater tertiary treatment.

Through the results presented in Table 3, a high efficiency also in
the removal of phosphorus in those cultures using wastewater supple-
mented with nitrogen can be observed, which occurs due to the low
initial concentration of this nutrient in these media, when compared to
the concentration found in the standard medium.

Similar results are obtained in the cultivation of Botryococcus brau-
nii in diluted (50%) livestock wastewater, a condition in which the mi-
croalgae removed, on average, 88% of total nitrogen and 98% of total
phosphorus (Shen et al., 2008).

Based on these results, wastewater after cultivation of the microalgae
Chlorella vulgaris could be discharged in bodies of water, since NT values
were in accordance with CONAMA resolution 357/2005, which states

that — for freshwater from classes 1 and 2, in which nitrogen is a limiting
factor for eutrophication, under the conditions established by the com-
petent environmental agency — the total nitrogen value (after oxidation)

should not exceed 1.27 mg.L" for lentic environments and 2.18 mg.L! for

Table 2 - Total inorganic nitrogen concentration values at the
beginning and end of all cultures, besides their consumption efficiency

Total nitrogen

Vs
Control (Bold) 65.25 2.32+0.35 96%
Wastewater 25% 23.88 £ 12.66 0.33£0.03 98%
Wastewater 50% 23.88 £12.66 0.58+0.16 97%
Wastewater 75% 23.88 £12.66 0.49+0.11 97%
Wastewater 100% 23.88 £12.66 0.92 +£0.03 96%

Table 3 - Initial and final values of phosphorus concentration and
the efficiency of its consumption in all cultures

Phosphorus

Medium
oo g e

Control (Bold) 113.10 84.98 + 7.06 25 %
Wastewater 25% 3.50 0.02 £ 0.02 99%
Wastewater 50% 7.00 0.05+0.03 99%
Wastewater 75% 10.50 0.23+0.21 97%
Wastewater 100% 14.00 0.07 £ 0.01 99%

Figure 1 - Average growth curves for Chlorella vulgaris cultures in different proportions of wastewater from the dairy industry
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lotic environments at the reference stream flow. Nonetheless, if only the
concentration of phosphorus is considered, no wastewater could be dis-
charged into a lentic water body, since the resolution establishes for these
class 1 and 2 environments that the total phosphorus value should be
less than 0.020 mg.L* P, but this treated wastewater could be discharged
in lotic and tributary streams (of intermediate environments), since the
total P value, in this case, must be less than 0.1 mg.L'! P (Brasil, 2005).

Considering that microalgae can effectively grow in waters con-
taining nitrate and phosphate and also accumulate nutrients and metals
from wastewaters, these attributes make them attractive and efficient
tools beneficial to the environment, allowing wastewater treatment at a
low cost (Kothari et al., 2012).

Analysis of the biochemical composition of biomass

The choice of a suitable medium is extremely important, since, in
addition to its composition influencing the growth rate, it can also in-
fluence the biochemical composition of microalgae, which may favor
certain later biomass applications (Lourenco, 2006). Thus, the biomass
obtained in the cultures were subjected to analyses of total lipids and
total proteins (Table 4), and fatty acid profile (Table 5).

Table 4 shows that the lipid content varied from 38.45 to 43.85%.
According to ANOVA, there was no statistically significant influ-
ence between different culture conditions on this dependent variable

Table 4 - Content of lipids and proteins in Chlorella vulgaris
biomass grown in dairy industry wastewater

T

Control (Bold) 38.45+0.734 13.05+2.804
Wastewater 25% Supplemented 39.04+9.204  12.95+3.324
Wastewater 50% Supplemented 39.76 £9.924  14.16 £2.314
Wastewater 75% Supplemented 3856+9.814  11.71+0.64*
Wastewater 100% Supplemented ~ 43.85+4.474  11.73+0.50*

(p = 0.945). Several authors state that it is possible to manipulate cul-
ture conditions to alter the biochemical composition of biomass, for
example, by increasing the lipid content. Regarding lipids, their in-
crease could be induced by the addition of sodium thiosulfate (reduc-
ing agent), osmotic stress (by the addition of NaCl, for instance), or
nutritional stress (nitrogen starvation, for instance) (Takagi et al., 2006;
Avila-Leon et al., 2020; Rodrigues-Sousa et al., 2021). The values found
herein are quite promising, if comparing with data obtained with Bo-
tryococcus braunii biomass (32.6 ~ 36.9%) (Pérez-Mora et al., 2016)
and Ankistrodesmus braunii biomass (38 ~ 39%) (Bresaola et al., 2019).

Moreover, concerning the protein content, the different conditions of
the culture medium did not significantly influence this parameter (ANO-
VA, p = 0.784), with mean values between 11.71 and 14.16%. These re-
duced values of total proteins can be justified by the low residual value of
nitrogen, which is of great importance for the biosynthesis of amino ac-
ids and, consequently, of proteins (Markou et al., 2014); the stress caused
by the lack of this nutrient may have induced the accumulation of lipids
and the reduction of protein content (Wang et al., 2011). If the objective
is obtaining biomass with high protein content, supplementing nitrogen
throughout cultivation would be possible, as it has been well observed by
different studies cultivating microalgae or cyanobacteria (Matsudo et al.,
2009; Carvalho et al., 2013; Bresaola et al., 2019).

Under unfavorable or stressful environmental conditions, many algae
alter their biosynthetic pathways to form and accumulate lipids, especially
in the form of triacylglycerols, which serve mainly as carbon and energy
storage. The fatty acid composition of typical microalgae oil is mainly com-
posed of a mixture of unsaturated fatty acids, such as palmitoleic (16:1),
oleic (18:1), linoleic (18:2), and linolenic (18:3) (Khan et al., 2009).

Table 5 shows that saturated fatty acids, such as palmitic (16:0) and
stearic (C18:0), and unsaturated fatty acids, such as palmitoleic (16:1),
heptadecenoic (17:1), oleic (C18:1n9), linoleic (C18:2n6), and y-lino-
lenic (C18:3n6) were present in all cultivation conditions of Chlorella
vulgaris. Palmitic (16:0) and oleic (C18:1n9) acids had the highest per-

Table 5 - Fatty Acids Profile (%) of Chlorella vulgaris grown in wastewater from the dairy industry

Fatty acid (%)* Wastewater 25% Wastewater 50% Wastewater 75% Wastewater 100%

C16:0 30.45+0.31 36.55+5.21
Cl6:1 1.74%+0.13 0.81£0.25
N.IL** 1.93£0.09 1.09 £0.25
C17:1 3.22+0.13 2.65+£0.59
N.IL** 1.42+£0.05 1.44+0.91
C18:0 3.12+0.09 4.03£0.91
C18:1n9 38.54+0.40 37.66 = 13.44
C18:2n6 9.80 +0.04 8.90+2.77
C18:3n6 9.57£0.32 9.60+2.13

30.78 £ 0.14 31.21£5.20 31.60 £0.31
0.88+0.07 1.24+0.12 0.86 = 0.02
0.69 +0.05 0.36 +0.00 0.74 +0.08
2.33+0.33 3.72+0.90 2.50+0.11
2.55+0.23 3.63+1.23 2.39%0.11
2.98+0.15 5.06 +3.95 4.15£0.12
39.22 +1.69 28.60 + 0.50 37.13+0.55
7.98+0.21 10.35£1.29 9.31+0.28
12.68 +0.78 16.18 + 5.47 11.59 £0.19

*Percentage of fatty acids in relation to the total content (mass/mass); **unidentified compound, absent in the standard 37 FAME mix; C16:0 palmitic
acid; C16:1 palmitoleic acid; C17:1 cis-10-heptadecenoic acid; C18:0 stearic acid; C18:1n9 oleic acid; C18:2n6 linoleic acid; C18:3n6 y-linolenic acid.
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centage in all cultures (30 ~ 36% and 27 ~ 39%, respectively), which
agrees with results obtained by Converti et al. (2009).

Linoleic acid (C18:2n6c), considered essential for the human organism
(Teitelbaum; Walker, 2001), was also detected in all cultures, reaching values
between 7.89 and 10.35%. Finally, y-linolenic acid (C18:3n6) was present
with values between 9.57 and 16.18%. The importance of these two fatty ac-
ids (y-linolenic acid and linoleic acid) is justified because they are precursors
of arachidonic acid (Verlengia and Lima, 2002) and can, therefore, serve in
the production of fatty acid supplements (Tallima and El Ridi, 2018).

Biodiesel is currently produced from oilseed plants (soy, rapeseed,
and palm), but microalgae are presented as sustainable alternative
feedstock for its production. Fatty acids methyl esters represent the
main component of biodiesel, and the chemical structure of these mol-
ecules has a strong influence on the properties of this fuel (Lu et al,,
2015). Although high levels of polyunsaturated fatty acids reduce the
cold filter plugging point, they also reduce the oxidative stability of the
product (Schenk et al., 2008). Therefore, as it can be seen in Table 5,
the predominance of palmitic acid (saturated) and oleic acid (mono-
unsaturated) makes the biomass obtained as suitable for this purpose,
which was also observed in Chlorella sp. U4341 and Monoraphidium
sp. FXY-10 grown in monoculture or co-culture by Zhao et al. (2014).

The biomass of Chlorella vulgaris, produced in the tertiary treat-

ment of dairy industry wastewater, could be mainly employed as source

of feedstock for biodiesel and animal feed production (Rodrigues-Sou-
sa etal., 2021). Therefore, besides helping to mitigate an environmental
problem (eutrophication), the use of Chlorella vulgaris in the tertiary
treatment of dairy industry wastewater could allow reducing the costs
to produce biomass for bioenergy and animal feed, serving as an alter-

native source, mainly during extreme dry seasons.

Conclusions

Microalgae can be an excellent solution for the tertiary treatment of
dairy industry wastewater, allowing to minimize environmental problems,
such as eutrophication, and generating biomass for the extraction of oils,
bioactive compounds, as well as proteins and carbohydrates for animal feed.

When using secondary wastewater from a dairy industry, there was
no need for dilution, as long as CO, wass added for pH control, reaching
values of maximum biomass concentration and biomass productivity
similar to control culture in Bold basal medium. However, quantifying
phosphorus and nitrogen levels, and supplement in case of lacking one
of them is important, adjusting the proportion similar to that found in
the Bold basal medium (N:P = 0.77).

These results are promising in a Brazilian state where the dairy industry
is of great economic and social importance. Besides their environmental
benefits, the different biomass applications could bring economic benefits,
even serving as an input (including proteins) for animal feed, for example.
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