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Abstract
Keywords: Kinetics A dual-purpose system is a technique that increases microalgae biomass production using
growth; COD; lipids; wastewater as a nutrient source. This work evaluated a dual-purpose system using dairy
proteins industry wastewater (DWW) and synthetic mineral medium to increase microalgae biomass
yields. Kinetics growth, lipids, proteins, chlorophyll, and nutrient consumption were
determined in combinations of bold-basal medium (BBM), and water-wastewater (DWW)
medium. The combinations were 40DWW-60TW and 40DWW-60BBM, and the biomass
yields were 1.47 g/L and 2.46 g/L, with a COD removal of 85% and 71%, respectively. The tests
tried in 4 L flat plate photobioreactors showed that 40DWW-60BBM formulation increased
the biomass to 1.65 g/L, with a COD removal of 98%.
Resumen

Un sistema de doble proposito es una técnica que incrementa la produccion de biomasa de
microalgas utilizando aguas residuales como fuente de nutrientes. Este trabajo evalud un
sistema de doble propdsito utilizando aguas residuales de la industria lactea (DWW, por sus
siglas en inglés) y un medio mineral sintético para aumentar los rendimientos de biomasa de
microalgas. Se determinaron la cinética de crecimiento, los lipidos, las proteinas, la clorofila y
el consumo de nutrientes en combinaciones de medio basal bold (BBM, por sus siglas en
inglés) y medio de agua-aguas residuales (DWW). Las combinaciones fueron 40DWW-60TW
v 40DWW-60BBM, y la producciéon de biomasa fue de 1.47 g/Ly 2.46 g/L, con una eliminacion
de DQO del 85% vy 71%, respectivamente. Las pruebas realizadas en fotobiorreactores de placa
plana de 4 L mostraron que la formulaciéon 40DWW-60BBM aumento la biomasa a 1.65 g/L,
con una eliminacion de DQO del 98%..
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Introduction

Environmental pollution is mainly due to industrialization and inadequate management of resources.
Hence, the current global trend focuses on the development of sustainable and environmentally friendly
processes to reduce the environmental impact (Stichnothe, 2019). One of the alternatives is the integrated
management of waste resources for production of biomass using low cost and environmentally friendly
strategies. Based on this approach, the concept of dual-purpose systems was developed in 2012 for biomass
production and as a bioremediation technology to control the environmental deterioration (Olguin, 2012).

Biomass is a very important source of raw materials for a wide variety of industries (Hemalatha et
al., 2019); specifically, microalgal biomass is a source for food supplements, biofuels, chemicals, and
fertilizers (Eppink et al., 2019). Microalgae are fast-growing photosynthetic microorganisms that capture
carbon dioxide, release oxygen, and consume nutrients from wastewater and water bodies for their
biomass production. Moreover, microalgae do not compete against agricultural crops, and all their biomass
can be used (Katiyar et al., 2017). According to the dual-purpose approach, the use of agro-industrial,
municipal, and high organic content wastewater as culture media for microalgae cultivation not only helps
to reduce the production cost but it also allows to recover resources from wastewater by returning nutrients
back to the production chain (Olguin, 2012).

The most used wastewater effluents for microalgae cultivation are municipal wastewater, digestates
from pig manure, and dairy wastewater, among others. This is due to their high availability, organic
content, and nutrients content (Li et al., 2019). The dairy industry generates about 2 L to 10 L of wastewater
per 1 L of processed milk, but dual-purpose approach offers a sustainable way of treating these industrial
effluents (Hemalatha et al,, 2019; Raghunath et al.,, 2016).

Although there are many reports on the cultivation of isolated stains —native and non-native
consortia of microalgae in wastewater (Li et al,, 2019; Qin et al,, 2016), including dairy industry wastewater
(Abraham et al,, 2023; Loganathan et al., 2020)—, the reports on biomass yield vary. In some cases, native
microalgae consortia showed higher biomass production than isolated microalgae strains when grown on
wastewater (Kumar & Singh, 2020; Moreno-Garcia et al.,, 2019). However, there are few reports on the use
of cultivation of native or non-native microalgae consortia in wastewater and standard synthetic media
combined medium (Olguin et al.,, 2015; Wang et al., 2020b).

Hence, it is important to test different combinations to provide the best nutritional conditions for
the cultivation of native consortia of microalgae (Gouveia et al., 2017). In addition, most of the studies about
cultivation of microalgae using wastewater as a culture medium are focused on obtaining biomass rich in
lipids for biofuels. Nevertheless, the accumulation of lipids in microalgae occurs under nutritional stress,
which results in low biomass productivity (Barsanti & Gualtieri, 2007). A different approach to improve the
nutritional and growth conditions for the microalgae cultivation in medium with residual effluents would
be to favor the accumulation of protein and use of microalgal biomass as biofertilizer.

In this work, a dual-purpose systems approach was used, where optimum proportion of dairy

industry wastewater and synthetic mineral medium was determined to obtain a high yield of microalgae
biomass using a native consortium from the Bajio region of Mexico.
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Materials and methods
Microalgae consortium (MC) collecting zone and adaptation conditions

The MC was collected from “Neutla Dam” located in Comonfort (20° 42' 33.5" N; 100° 51' 48.5" W),
Guanajuato, Mexico. The MC was adapted for three months using bold basal mineral medium (BBM-3N)
(Barsanti & Gualtieri, 2007). The following growth conditions were maintained: 25 °C, an initial pH of 7.0,
aeration (0.03 vvm), and a photoperiod of 16 h with LED lights (Osram Tube Led Superstar, Munich,
Germany) with 3000 lux (346 pmol photon/m?s) and 8 h in darkness. To improve the growth of MC, the
BBM was modified by adding 0.075 g of NaNOs/L.

Morphological identification

The adapted MC was observed using an optical microscope (Carl Ziess, Microalmaging GbmH 37081,
Germany), and the observed microalgae were compared with the culture collection of the University of
Texas (UTEX) and identified as Chlorella sp., Chlamydomonas sp., Pediastrum duplex, Scenedesmus sp.,
Closteriosis sp., Schroederia sp., and Spirulina sp. (University of Texas [UTEX], 2025).

Wastewater collection and analyses

The dairy wastewater (DWW) was collected from the dairy industry GRUPO CUADRITOS®, located nearby
Celaya (20° 37' 56.5" N; 100° 47' 04.8" W), Guanajuato, Mexico. The DWW was filtered using 25 pym
membranes to remove larger suspended solids. The pH, chemical oxygen demand (COD, mg/L) (HACH,
2014), phosphate (PO4-P, mg/L) (HACH, 2017), nitrate (NO3-N, mg/L) (Alef, 1995), and ammoniacal nitrogen
(NH4-N, mg/L) were determined in DWW by distillation-titration method (Tablel) (Saha et al., 2012). Since
the main nitrogen source in DWW and in BBM-3N was NOs-N, the effect of the concentration of NOs-N as
a nitrogen source was evaluated only in the second experimental phase.

Table 1. Characteristics of dairy wastewater (DWW) used.

Parameter Characteristics
pH 10.9

COD (mg/L) 2441.6

PO4-P (mg/L) 40.0

NO3-N (mg/L) 287.0

NH4-N (mg/L) 7.2

Source: Author’s own elaboration.
Experimental phases

The experimental process was divided into two phases. In the first phase, consumption of nutrients and
cell density were analyzed, whereas in the second phase lipids and protein production were studied. This
method helps to understand the behavior of the system on a larger scale (Gouveia et al.,, 2017; Hena et al,,
2018).

2 www.actauniversitaria.ugto.mx



ISSN online 2007-9621
Rodriguez-Nufiez, J. R; Acosta-Ferreira, S.; Cabrera-Capetillo, C. A.; Pefia-Caballero, V.; Landa-Zavaleta, L. M.; Balagurusamy, N.;
Veloz-Garcia, R; & Castillo, O. S. Dual-purpose system for microalgae cultivation reusing dairy industry wastewater| 1-16

Experimental phase I

During the first experimental phase, two combinations of culture media were evaluated: DWW-Tap Water
(TW) and DWW -BBM-3N. Each one of these combinations were tested in four treatments, varying the ratios
of DWW-TW and DWW-BBM-3N, but under a constant inoculum concentration. The growth conditions of
MC were those used during the adaptation period: 25 °C, 7.0 initial pH, aeration (0.03 vvm), photoperiod of
16 h light (346 pmol photon/m?s) and 8 h darkness. Schott bottles (1 L) with 500 ml of culture medium was
used as reactor and constant stirring was maintained. The growth time of 10 d was based on the behavior
of MC observed in the adaptation phase. During the experiment, the growth kinetics (Alvarez-Diaz et al,,
2015), pH, and chlorophyll contents were determined daily (Ritchie, 2006). The morphological characters
of the MC were observed on every third day as mentioned before. Moreover, nitrate (HACH, 2015), COD
(HACH, 2014), and TKN (HACH, 2019) consumption were determined at the beginning and end of each
batch. A schematic diagram of experimental phase I and the identification code of the treatments are

Mi |
c;ﬁ;%?t?:; Culture medium:
inoculum: 20% viv 80% viv

presented in Figure 1.

OPTION X OPTION
TAPWATER | Culture medium BBM-3N

VDIAASTEWATER TAP WATER IDENTIFICATION CODE

Figure 1. Treatments evaluated in phase I and identification code.
Source: Author’s own elaboration.

Experimental phase II

In this phase, the treatments, which recorded the highest cell density, and the maximum removal of
nutrients and organic load in phase I were selected: viz, 40DWW-60TW, and 40DWW-60BBM. The
operational conditions employed in phase I was maintained, but flat-plate photobioreactors (4 L) were used
and inoculated with consortia at the rate of 20% (v/v). As a control treatment, BBM-3N (100%) was used. The
main features of the transparent acrylic flat-plate photobioreactors are shown in Figure 2. Growth kinetics,
chlorophyll content, pH, COD removal, and nitrate consumption were measured. Additionally, the lipids
and proteins accumulated at the end of growth phase were estimated.
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Acrylic wall 5cm

tickness 6 mm  ——»

30.5cm

Rod air diffuser

Figure 2. Dimensions and configuration of flat-plate photobioreactor used during the experimental phase I
Source: Author’s own elaboration.

Growth kinetics of MC

The growth kinetics of MC was studied by correlating the dry weight (g/L) with the cell density to a linear
regression (R® = 0.9508) (Sarrafzadeh et al.,, 2015). The cell density was measured at 680 nm, as reported by
Alvarez-Diaz et al. (2015) using a spectrophotometer (HACH, DR 3900, USA).

Chlorophyll determination

The total chlorophyll (Chl-a + Chl-b) in green microalgae was determined according to Ritchie (2006). The
sample of 1.5 ml was taken in an eppendorf tube and centrifuged (Thermo SCIENTIFIC®, MYSPIN12) at
8860 g for 12 min. The pellet was resuspended with distilled water and centrifuged again at 4430 g for 6
min. The obtained pellet was resuspended in 0.75 ml of methanol for 24 h at 4° C. After incubation, the
solution was centrifuged at 8860 g for 12 min, and the supernatant was used for the determination of Chl-
a and Chl-b (pg/ml) at 652 nm and 665 nm, respectively (equations 1 and 2).

Chla~-8.0962 X A652 + 16.5169 X A665 (£0.04696 ug/ml) (1

Chlb ~ 27.4405 X A652 - 12.1688 X A665 (+0.05776 pg/ml) (2)

Nitrate consumption and COD concentration

Nitrate (mg NO3-N/ml) was determined using the commercial kit (NitraVerX Nitogen-Nitrate Reagent Set,
HR, HACH 2605345) in a UV-Vis spectrophotometer HACH (DR3900) at 410 nm (HACH, 2015). Nitrate
consumption (%) was calculated by following equation 3:

__Initial nitrate concentration — Nitrate concentration in time (t)

Nitrate removal % = —— - X 100 (3)
Initial nitrate concentration

The COD was determined using the kit COD HR (20-1500 mg/L, HACH, method 8000) and was
measured at 435 nm (HACH, 2017) using a UV-Vis spectrophotometer HACH (DR3900).
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Lipid content determination

The lipids concentration of the MC was calculated by following the Bligh-Dyer method, according to Feng
etal. (2011). A stock solution of chloroform:methanol (1:2, v/v) mixture was used as solvent. 50 mg of sample
and 3.75 ml of stock solution were added into a tube and mixed for 1 min (vortex). Subsequently, 1.25 ml of
chloroform was added and stirred for 30 sec. The samples were centrifuged for 5 min at 7383 g. Then, the
chloroform phase located at the bottom was transferred to a constant weight tube. Finally, the solvent of
the tube was evaporated in an oven (FELISA, FE-293, Mexico) at 60 °C for 30 min, and finally the weight of
the tube was recorded. The lipid percentage was calculated using equation 4:

Lipids content (g/100g) = 4L (4)
Vemg
where mi is the initial sample weight, mai is dry lipids weight, Vtis total volume of chloroform added
to the sample, and V¢ is chloroform volume transferred.

Estimation of total nitrogen (TKN) and protein content

Dried biomass was used for determination of TKN and protein. MC biomass was centrifuged at 4430 g for
10 min in Falcon tubes (15 ml), and the sedimented biomass was washed three times with distilled water
and finally dried in an oven (FELISA, FE-293, Mexico) at 80 °C for 24 h. The total nitrogen (TKN) was carried
out by Kjeldahl method with Nessler reagent using an UV-Vis spectrophotometer HACH (DR3900) at 460
nm (HACH, 2019). The TKN was calculated according to equation 5, and protein in percentage was
determined by multiplying TKN (%) with a factor of 6.25 (Association of Official Analytical Chemist [AOAC],
1980):

A7 _ I TRN (5)
B*C Kg

where: A is spectrophotometer reading in mg/L, according to method 8075 for TKN available in the
software of the spectrophotometer HACH (DR3900); B is digested sample weight; and C is total volume in
the digestion tube in ml.

Results and discussion

The increase in biomass was determined by linear correlation between biomass concentration (g/L) and
optical density (Sarrafzadeh et al,, 2015), and the results obtained agreed with those previously reported by
Santos-Ballardo et al. (2015). The linear correlation was:

y = 0.6805x + 0.000095 (6)
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Experimental phase |

In experimental phase I, four variables mentioned in the methods section were determined to select the
most favorable nutritional conditions for growth and nutrient intake (Figure 3). In a typical composition of
DWW, NH4-N is the main nitrogen source instead of NO3-N (HACH, 2019); however, it could be observed
that NOs3-N is the main nitrogen source in DWW (Table 2) and BBM-3N (Barsanti & Gualtieri, 2007); hence,
only NO3-N was measured in our experiment. Further, the concentration of NO3-N was almost 40 times
bigger than NHa4-N in this work. There are some previous reports where content of NOs-N is bigger than
NH4-N, especially in wastewater from milk production and processing (Carvalho et al., 2013; Tricolici et al,,
2014).

Table 2. Equations used to determine relative growth percentage and relative chlorophyll
production; variables analyzed in the radial graphs.

Relative growth

Biomass concentration * 100 % NOz-N consumption
- 2.46
Relative chlorophyll production
_ Chlorophyll concentration * 100 % COD consumption
14.81

Source: Author’s own elaboration.

The results obtained for the treatments 40DWW-60TW and 40DWW-60BBM are shown in Figures
3a and 3b. The maximum values recorded for relative growth (%) and relative chlorophyll production (%)
were used as indicators to choose the best growth conditions. It was also observed that the selected
treatments resulted in significant decrease of organic load, which is important for any
treatment/bioremediation process. Interestingly, the nitrogen consumption of 40DWW-60BBM did not
show a significant decrease, but the growth and photosynthetic activity was superior to all other
treatments.

(A) (B)
cob Relative Ccop Relative
Consumption 9800 Growth Consumption 32}09 Growth
Percentage Percentage Percentage \( T, Percentage
~—=—100DW-0 —=—100DW-0
B80DWW-20TW, 80DWW-20BBM
—A— B0DWW-40TW 4~ 60DWW-40BBM
—v—40DWW-60TW —v— 40DWW-60BBM
|—#—20DWW-80TW —4— 20DWW-80BBM
Nitrate Relative Chorophyll Nitrate N Relative Chorophyll
Consumption Production Consumption ” Production
Percentage Percentage Percentage Percentage

Figure 3. Results of the experimental phase I with dairy wastewater-tap water combined treatments (A) and with dairy
wastewater-synthetic medium combined treatments (B).
Note. Black triangles and blue solid line represent the best results. Square contour line corresponds to
an increase of 10% for specific variable.
Source: Author’s own elaboration.
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This indicated that the microalgae consortium found an optimum condition favoring their growth,
from which can be inferred that it would result in higher protein yield. Based on the results of this
experimental phase I (Table 3 and 4), 40DWW-60TW and 40DWW-60BBM were chosen for the
experimental phase II, and a similar approach was used in previous reports (Gouveia et al,, 2017; Hena et
al., 2018).

It can be observed that the 40DWW-60BBM treatment recorded the highest concentration of
biomass and chlorophyll (Table 3 and 4). In the case of the consumption of nitrates and COD removal, the
tap water treatments recorded the best results (Table 3 and 4). It was also observed that there was no total
nitrate consumption at the end of the study in 40DWW-60BBM, which indicated nutritional sufficiency
(Table 3 and 4).

Table 3. Results of the treatment DWW-TW in phase L.

Percentual Volumetric Proportion (DWW-TW)

Parameters
100-0 80-20 60-40 40-60 20-80

Biomass (g/L) 0.89 111 128 147 124
Chlorophyll (g/mL) 4.97 3.85 511 10.37 6.32
Initial NO3-N (mg/L) 27.2 252 20.9 20.4 17.7
Final NOz-N (mg/L) 17 0 0.8 0 0
Initial COD (mg/L) 2111 2455 1915 1321 944
Final COD (mg/L) 329 293 235 196 402

Source: Author’s own elaboration.

Table 4. Results of the treatment DWW-BBM-3N in phase L.

Percentual Volumetric Proportion DWW-BBM

Parameters
100-0 80-20 60-40 40-60 20-80

Biomass (g/L) 0.89 1.60 1.00 2.46 2.26
Chlorophyll (ug/mL) 4.97 13.52 9.25 14.81 4.70
Initial NO3-N (mg/L) 27.2 27.5 40.2 68.9 64.8
Final NOs-N (mg/L) 17 0 51 46.7 40.4
Initial COD (mg/L) 2111 2180 1676 1330 667
Final COD (mg/L) 329 515 279 382 234

Source: Author’s own elaboration.

In previous reports on the combination of different wastewaters —municipal, anaerobic digestates,
industrial and agro-industrial (Ling et al., 2014; Lu et al,, 2016; Luo et al,, 2019; Wang et al,, 2020a; Yu et al,,
2019)—, DWW is considered poor in their nitrogen content and is supplemented with effluents with high
nitrogen concentration such as anaerobic digestates (Lu et al,, 2016). This option was not considered in this
study since the combination of residual effluents increases turbidity and could affect the growth conditions
and analytical process. Further, there are few reports on the use of wastewater-mineral synthetic medium
combinations for biomass production, therefore we chose to supplement the DWW with BBM-3N for this
phase of study.
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Experimental phase Il

Consortium growth

The algal growth rate is related to the consumption of nutrients, removal of the organic load of the DWW,
and operating conditions (Choi, 2016). The maximum cell biomass concentration was recorded in the
control treatment (100% BBM 3N), followed by treatment 40DWW-60BBM (DWW/medium BBM-3N) (Figure
4). On the other hand, the 40DWW-60TW treatment reached its maximum concentration between day 8
and 9, and then it declined, which could be due to the limitation of nutrients caused by dilution with tap
water (Figure 4).

(glL)

Biomass concentration

Time (days)

Figure 4. Growth kinetics of the algal consortia (MC) during experimental phase II.
Note. Control (diamonds), treatment 40DWW-60TW (solid triangles), treatment 40DWW-60BBM (solid squares).
Source: Author’s own elaboration.

In the present study, based on the monitoring of biomass through microscopical study, it can be
inferred that the consortium, in total, recorded better results than monocultures with DWW as culture
medium. Through microscopy, it was possible to see the dynamics of the different species and was able to
appreciate the dominance of some species over others. Qin et al. (2016) reported that algae consortium
reached 5.41 g/L of biomass, while Chlorella sp. as monoculture showed a growth of 4.72 g/L. According to
Pires et al. (2013), the high biomass production from MC is caused by the dynamics within the species of
the consortium; a decrease in some species is compensated by an increase in growth of some other
microalgae species. Further, the demand of nutrients is equilibrated because of a complementation
between the different microalgae species of the consortium.

In the adaptation stage, the prevalent population were Chlorella sp.,, Chlamydomonas sp.,
Closteriosis sp., Pediastrum duplex, Scenedesmus sp., and Schroederia sp. When these were grown in
DWW, Pediastrum duplex disappeared completely and the dominant species were Chlamydomonas sp. and
Chlorella sp., while Scenedesmus sp., Schroederia sp., and Closteriosis sp. decreased their population
considerably. Moreover, the DWW used was not sterilized, so the existence of microbiota of DWW, which
are in cooperation and/or competition with microalgae, cannot be denied. However, the nutritional and
operational conditions are defined to favor the growth of the MC. Chinnasamy et al. (2010) reported the use
of a native MC with a biomass production of 1.47 g/L on day 9, cultivated in DWW with an increased CO:
(6%). Besides this, Daneshvar et al. (2018b) reported a maximum concentration of 0.47 g/L of Scenedesmus
quadricauda monoculture in DWW. It can be implied from these results that the biomass concentration
obtained in this study is similar to the previous reports.
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In the 40DWW-60BBM treatment, the addition of BBM-3N enriched the medium with micro and
macronutrients and provided optimum conditions to achieve the maximum microalgae growth recorded
in this study.

Total chlorophyll concentration

The total chlorophyll concentration (chlorophyll a and b, for green microalgae) is related to the
photosynthetic activity (Ritchie, 2006). The lowest concentration was obtained in 40DWW-60TW treatment
(Figure 5), while 40DWW-60BBM presented the highest chlorophyll concentration on day 7 and then
declined. These results demonstrated that the MC employed in this study efficiently used both the organic
and inorganic carbon sources for their growth (Chen et al., 2010).

Chlorophyll concentration (ug/mL)

10

Time (days)

Figure 5. Total chlorophyll concentration during experimental phase II.
Note. Control (diamonds), treatment 40DWW-60TW (solid triangles), treatment 40DWW-60BBM (solid squares).
Source: Author’s own elaboration.

Ritchie (2006) reported that the maximum concentration of chlorophyll ranged from 20 pg/mdl to 30
pug/ml; and based on these values, the chlorophyll concentrations obtained in the present study were low
(Figure 5). This could be attributed to the limited passage of light due to the addition of DWW, which
increased turbidity and negatively impacted the photosynthetic process. The results of study on
chlorophyll production (Figure 5) were similar to those reported by Chen et al. (2010).

Consumption of nitrate and COD

Consumption of nitrate and COD in experimental phase II is presented in Figure 6. In the case of 40DWW-
60TW treatment, the maximum consumption of nitrate was observed on the fifth day of growth. But, the
40DWW-60BBM treatment also showed a high consumption of NO3-N during the first 4 d of study, which
later increased to almost 100%. Consumption of COD was similar to nitrates for treatments (40DWW-60TW
and 40DWW-60BBM). The highest percentage of COD consumption was reached on day 6 for both
40DWW-60TW and 40DWW-60BBM. The high biomass obtained in the present study could be related to
the consumption of nitrate and COD of DWW. Earlier, Choi (2016) pointed out a linear correlation between
nutrient consumption and biomass production for Chlorella vulgaris grown in DWW.
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Figure 6. Changes in the (A) NOs-N concentration (B) COD concentration during the experimental phase II.
Note. Treatment 40DWW-60TW (solid triangles), treatment 40DWW-60BBM (solid squares).
Source: Author’s own elaboration.

However, it must be mentioned that DWW and MC used for this study were neither sterilized nor
added with antibiotics to control or inhibit bacterial population. Therefore, it can be assumed that a certain
percentage of nutrients were consumed by the present bacteria. However, the operational and nutritional
conditions of this study were aimed at promoting microalgae growth as proposed by various authors
(Barsanti & Gualtieri, 2007; Camacho-Rodriguez et al., 2015).

In comparison with the results of this study, the efficiency of nutrient consumption by microalgae
with DWW as medium was lower in other photobioreactors, such as fed-batch reactor (Goblos et al., 2008),
aerobic/anoxic sludge bed (UAASB) (Amini et al., 2013), electrochemical treatment (Gliven et al., 2008), and
membrane bioreactor (MBR) (Andrade et al,, 2014). Finally, it can be observed from the results on almost
total consumption of nitrate and 80% removal of COD that dual-purpose systems are promising technology
for treatment of agro-industrial wastewaters (Choi, 2016; Olguin, 2012).
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Lipid accumulation

The results on lipid accumulation during phase II is presented in Table 5. Treatment 40DWW-60BBM
accumulated the highest lipids percentage. Previously, Loganathan et al. (2020) reported 21% of lipid
accumulation in a consortium grown on DWW. Recently, Shu et al. (2018) mentioned a lipid accumulation
of 27.7% of Chlorella zofigiensis monoculture using DWW. The lipids concentration in microalgae grown
under nutritional sufficiency are estimated to be between 20% and 30%, which is dependent on the type of
microalgae species (Chisti, 2007). The low content of nutrients in culture medium, mainly nitrogen, causes
the lipids accumulation in oleaginous microorganisms (Cheirsilp et al., 2011). Therefore, the low lipid
content reported in this study could be due to the optimum nutrient availability for microalgal species of
MC (Loganathan et al.,, 2020), which can be validated from the results on biomass obtained.

Table 5. Yield of proteins and lipids in experimental phase II.

% Proteins Lipids
Control 68.9063 7.03+0.24
40DWW-60TW 2414 +2.58 871+197
40DWW-60BBM 4382 +3.05 1463+0.78

Source: Author’s own elaboration.

Previous works using DWW for lipid production (Pandey et al.,, 2019; Sun et al,, 2017; Woertz et al,,
2009) have reported that lipid accumulation occurs under stress conditions and is inversely proportional
to biomass productivity. It can be observed that DWW offers an advantage with respect to biomass
production due to its nutrient’'s composition, and the resultant biomass can be exploited to obtain various
value-added products (Daneshvar et al,, 2018b; Sreekanth et al.,, 2014). This study aimed to find suitable
conditions for growth of microalgae with high cell density and high protein content. The results obtained
showed that DWW enriched with synthetic medium recorded promising results in these regards. The stress
that induced the lipid accumulation in this study could be related to the culture conditions (consortium in
photoautotrophic conditions) and the source of organic carbon in the culture medium (Chisti, 2007).

Protein production

The results on the protein production by MC are presented in Table 5. The control treatment recorded the
highest protein content, while it was low in the 40DWW-60BBM treatment, which could be due to low
adaptation time of the MC to the nutrients and their levels in DWW. On the other hand, it was observed that
the treatment with the highest protein production recorded the lowest accumulation of lipids (Velea et al.,
2017). The protein concentration obtained from microalgae biomass has potential use in the food industry,
livestock feed, food for human, and nutritional supplements, even the biomass can be used directly as a
biofertilizer (Becker, 2007; Renuka et al.,, 2018).

Conclusions

The supplementation of BBM-3N with 40% volume of DWW favored the growth of the native MC studied
and reached a maximum removal of nitrate and organic load.

This work demonstrates that a dual-purpose system represents a viable alternative for the reuse of
dairy industry waste.
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