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Increased use of microalgae as food additives, biofuels, pharmaceuticals and in waste treatment increases 
effluent production. The aim of this work was to evaluate the effect of different culture media on the growth of 
Chlorella sorokiniana and the influence of the cultural refuse on seed germination of lettuce (Lactuca sativa). 
The microalga was grown in different media for 27 days. The maximum specific growth rate (µmax) during 
mixotrophic growth phase was obtained in the novel medium composed of 50% NPK medium and 50% Bold 
Basal medium supplemented with glucose (1 g L−1). Cell proliferation in Bold Basal and NPK media presented 
a very close µmax values, indicating that NPK may be a good option for low-cost microalgal production. The 
effluents from the microalgal culture failed to induce any marked variation in the germination of lettuce seeds. 
This clearly shows that the microalgal effluent does not cause any toxicity to germinate lettuce seeds. Thus C. 
sorokiniana cultivation combined with horticulture can be utilized as a feasible productive integrated system.
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1.	INTRODUCTION

Research on the cultivation of microalgae has been growing over 
the years and advances are still being made in various segments of 
microalgae production, mainly for the understanding of microalgae 
physiology, photobioreactors’ evaluation, biomass recovery and 
product development and applications [1,2].

Microalgae are a potential raw material for various sectors of industry 
as food products, biofuels, organic products, bioplastics, pigments, 
cosmetics and pharmaceuticals [3-8]. On the other hand, sustainable 
microalgal production has several technological and economic 
obstacles that must be overcome. One of them is the choice of an 
effective strategy for the recovery or harvesting of microalgae biomass 
from their culture medium [9], which requires the development of an 
energetically favorable, environmentally friendly and economically 
viable process [10], aggravated by the low cell concentration [11]. 

Thickening methods, e.g. gravimetric sedimentation, flotation, 
flocculation, lead to the increase of the microalgae concentration and 
the reduction the volume to be processed, contributing to energetic 
savings [12]. However, after applying some thickening method, there 
is still cells and water that can be drained through higher-cost drainage 
methods or simply utilized in other processes.

In this sense, with improving technologies and applications of 
microalgal production, the concern with the fate of the effluents of this 
production also grows. Each culture can produce different extracellular 
compounds, metabolites, and phytohormones that may or may not be 
beneficial to other organisms.

Lettuce (Lactuca sativa L.) is one of the main vegetables cultivated 
in Brazil due to its low cost of production, low susceptibility to pests 
and diseases, and safe marketing. Thus, lettuce plays an important role 
in small-scale farming. The lettuce seeds are widely used in toxicity 
research due to its quick and easy-to-evaluate responses [13].

The use of chemical synthetic fertilizers can lead to nutritional 
imbalances in plants, contaminate the soil and groundwater, as well as 
weaken the plants [14]. To reduce this effect in recent years, interest 
in organic farming is increasing [15]. The use of high-quality organic 
fertilizers is a low-cost strategy that tends to contribute to a higher 
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productivity in vegetative development and to improve the chemical, 
physical and biological characteristics of the soil. This enables the 
production of sustainable, safe, and nutrient-rich fruits and vegetables 
[14,16].

Algal biomass contains macronutrients as well as micronutrients, some 
plant growth regulators, polyamines, natural enzymes, carbohydrates, 
proteins and vitamins implemented for improving soil characteristics 
that favor the nutritional status of plants in terms of vegetative growth 
and yield [15]. In addition, studies have reported the synthesis of 
auxins, cytokinins, gibberellins, brassinosteroids, amino acids and 
polypeptides by microalgae which are essential for the development 
of plants [17-19].

The use of microalgae for value addition, together with their use as 
organic fertilizers or as soil conditioners has become a promising 
economic market of these microalgae in biotechnological applications 
[20]. Thus, the aim of this study was to evaluate the effect of different 
growth media on microalgal growth and the influence of microalgal 
residual water on the germination of lettuce seeds.

2.	MATERIALS AND METHODS

2.1. Microalgae cultivation
The microalga utilized in the experiments was C. sorokiniana CTT 
7727 from the André Tosselo Foundation, provided by the Center for 
Biodiversity Research of the State University of Mato Grosso do Sul, 
Brazil.

Four different culture media were used for culturing microalgae. These 
included: the Bold Basal medium [21], the nitrogenated medium [22], 
the NPK medium, prepared by the dilution of 1 g of the chemical 
fertilizer N:P:K (20:5:20) for each 1 L of distilled water [23] and the 
mixed medium. The mixed medium was composed of 50% Bold Basal, 
50% NPK plus 1 g L−1 glucose. All media components were sterilized 
by autoclaving at 121°C for 15 min.

The pre-cultures were prepared by transferring 1 mL microalgal 
stock culture to 50 mL Erlenmeyer flasks containing 25 mL of media, 
for each culture media described above. After inoculation, flasks 
were maintained in BOD equipped with orbital rotatory stirrer and 
photoperiod (MA 415 Marconi) (25 ± 0.5°C, 200 rpm, 8 Klux) with 
photoperiod cycles of 12 h light/12 h dark for 7 days.

Cultivations were performed in triplicate in 250 mL in Erlenmeyer 
flasks, with 200 mL working volume and started by adding a certain 
volume of the pre-culture so that the initial cell concentration in the 
flask was 0.062 ± 0.003 absorbance units at 670 nm (OD670 nm). The 
main cultivation conditions during the 27 days were the same as the 
precultures. The experiments were performed in triplicate and the 
analysis of absorbance in duplicate.

The absorbance was read on a microplate reader (Biochrom model 
Anthos Zenyth 200rt) at the wavelength of 670 nm in 24 h time 
intervals. The exponential growth phase was identified as the linear 
region on an ln ABS670 vs. time plot for batch cultivation data. The 
maximum specific growth rate (µmax) was determined as the slope of 
this linear region (Equation 1). The doubling time (DT) was calculated 
by the quotient of the ln (2) by the µmax. The maximum biomass 
concentration was indicated by the maximum ABS670 observed in 
each experiment [24]. The measured absorbance was converted to cell 
concentration (X) using a linear relation (optical density units per cells 
per mL) thus obtaining a conversion factor. Maximal cell productivity 
(Px) was calculated by the quotient of the difference between maximal 

cell concentration (Xm) and initial cell concentration (Xi) by the time to 
reach maximal cell content (t) (Equation 2).

 dt
dX

X
1

max           (1)

𝑃𝑃𝑋𝑋 =
𝑋𝑋𝑚𝑚 − 𝑋𝑋𝑖𝑖

𝑡𝑡           (2)

2.2. Seed Germination Test
The seed germination tests were carried out using the 27 days old 
media (Bold Basal, nitrogenated, NPK, mixed media) in which C. 
sorokiniana were cultured hereafter referred to as effluent.

Three other conditions were also evaluated either by concentrating 
or diluting the cultured Bold Basal medium, in order to compare the 
same medium effluent with different concentrations of microalgae (2.7 
× 107, 1.23 × 107 and 0.15 × 107 cells mL−1) grew in the same condition 
described in the previous section. The microalgal cell concentrations 
were prepared by centrifuging the cultured Bold Basal medium on a 
bench centrifuge (17,609 ×g, 5 min., 4°C) to achieve a cell density of 
2.7 × 107 and 1.23 × 107 cells mL−1 or by diluting with cultured Bold 
Basal media, free of cells by centrifugation, to achieve 0.15 × 107 cells 
mL−1. Concentrations were determined by microalgal cell counting 
using a Neubauer chamber. The supernatants after centrifugation 
(effluents) were utilized after sterilization (121°C, 15 min) in an 
autoclave.

Seed’s treatment and germination tests were performed according to 
recommendations previously described [25]. It was evaluated four 
replicates of 25 seeds of lettuce (cv. Lucy Brown) seeded in sterilized 
Petri plates (90 mm diameter) containing two sheets of filter paper 
moistened with the different effluent and microalgal cell concentrations. 
Water was utilized as a control. Seeded plates were incubated in BOD 
(MA 415 Marconi) at 25 ± 1°C under the white fluorescent light in 12 
h/12 h photoperiod. The germination percentage was calculated from 
the number of normal seedlings developed over a period of 10 days. 
The dry mass was obtained by drying the germinated seedlings at 60°C 
in circulation oven until constant weight and calculated by the average 
of the weighing of the germinated seedlings for each treatment [25].

The experiment was conducted in a completely randomized design and 
the data were subjected to the Analysis of Variance (ANOVA). When 
ANOVA was significant the means were separated using Tukey’s test 
at 5% probability (SISVAR version 5.6).

3.	RESULTS AND DISCUSSION

Growth kinetics of C. sorokiniana cultured in different culture media 
are presented in Figure 1. The mixed medium presented two defined 
growth phases. The first phase occurred during the first 3-4 days of 
cultivation, followed by a short lag phase, before the second growth 
phase. This indicates that when glucose was exhausted from the 
medium (mixotrophic growth), the carbon source was replaced by 
CO2 (autotrophic growth). The mixotrophic growth has already been 
demonstrated in other studies, with higher growth rates compared to 
autotrophic and heterotrophic cultivations [26,27].

Cultures raised in the mixed medium had the maximum specific growth 
rate (µmax) among the evaluated media during the first growth phase 
(mixotrophic). It occurred due to the presence of glucose as a carbon 
source. The second growth phase (autotrophic) presented a decreased 
µmax (Table 1). Cells grew in Bold Basal and NPK media presents very 
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close µmax values: 0.067 and 0.065, respectively (Table 1). It indicates 
that NPK may be a good option for low-cost microalgae productions, 

despite the final cell concentration (Xmax) obtained with NPK was half 
of that achieved with Bold Basal (Table 1).

Table 1: Kinetic parameters of Chlorella sorokiniana growth in different media.

Medium ABSmax µmax (day−1) DT (days) X (×106 cell mL−1) PX (×105 cell L−1 day−1) T (days)

Nitrogenated 0.942 ± 0.004b 0.090 ± 0.003b 7.8 ± 0.4c 5.00 ± 0.02b 1.73 ± 0.01b 27

NPK 0.519 ± 0.002e 0.065 ± 0.001c 10.7 ± 0.2b 2.76 ± 0.01e 1.01 ± 0.01d 24

Bold basal 0.849 ± 0.003c 0.067 ± 0.002c 10.3 ± 0.4b 4.51 ± 0.02c 1.55 ± 0.01c 27

Mixed (mixotrophic) 0.542 ± 0.002d 0.94 ± 0.00a 0.7 ± 0.0d 2.88 ± 0.01d 8.50 ± 0.05a 3

Mixed (autotrophic) 1.098 ± 0.005a 0.04 ± 0.00d 17.3 ± 0.0a 5.82 ± 0.03a 1.47 ± 0.02c 20*

ABSmax: Maximum absorbance; µmax: Maximum specific growth rate (day−1); DT: Doubling time (day); X: cellular concentration (Conversion factor = 531 × 104); PX: 
cell productivity; T: time to reach maximal cell content. All cultivations were carried out in triplicate and analysis in duplicate. Data presented as mean ± standard 
deviation. Means followed by the same superscript in a column do not differ among themselves by the Tukey’s test at 5% probability. *Days after the mixotrophic 
phase (23th day of cultivation).

Figure 1: Growth kinetics of Chlorella sorokiniana in different culture media.

The mixotrophic action of C. sorokiniana was possible due to the 
photoperiod cycles, as the light availability is directly related to 
inorganic carbon consumption [28]. The growth of the microalgae 
cannot be considered equal to a conventional growth of bacteria and 
yeasts due to the autotrophic growth, since in this condition it presents 
a constant growth, without the differentiation of the phases of latency 
and logarithmic.

However, it is possible to observe the stationary and/or declining 
phases, as a result of nutrient depletion. The declining phase was 
observed after 23 days for mixed medium and after 24 days for NPK 
medium. Nitrogenated medium presented only the stationary phase 
after 22 days of cultivation, while growth was extended up to 27 days 
in Bold Basal medium (Figure 1). In this sense, Bold Basal medium can 
be considered here as the most complete medium in terms of nutrients, 
for autotrophic growth. The mixed medium, composed of 50% Bold 
Basal, 50% NPK plus 1 g L−1 glucose, presented an intermediary 
behavior in terms of nutrient, which is explicated by the combination 
of two sources of nutrients: Bold Basal (richest) and NPK (poorest) 
media, and also by the high demand of nutrients for biomass synthesis, 
required mainly during the heterotrophic growth.

In this sense, we can affirm that, in general, there was a relation 
between the nature and concentrations of nutrients in the different 
media and microalgal growth, as the higher cell concentrations and cell 
productivities, despite we cannot discuss it compound by compound 
for each evaluated medium. This is an indication of how efficient the 

recovery of the nitrogen and phosphorus present in media was by 
concentrating these nutrients in algal biomass [29], which is important 
for the seed germination.

Nevertheless, in the germination study, it was observed that there was 
no significant difference between the treatments presented in Figure 2. 
The germination rate and the differences in the dry mass resulting from 
the weighing of the germinated seedlings are shown in Table 2.

Table 2: Germination and dry mass of lettuce seeds.

Treatments Germination (%) Dry mass (g)

Control 36.0 ± 19.0a 0.1455

Bold basal effluent 48.0 ± 8.0a 0.1454

Nitrogenated medium effluent 43.0 ±12.8a 0.1798

NPK medium effluent 46.0 ± 11.5a 0.1513

Mixed medium effluent 47.0 ± 14.0a 0.1798

Microalgae* 2.70 × 107 40.0 ± 5.7a 0.1840

Microalgae* 1.23 × 107 43.0 ± 12.4a 0.1760

Microalgae* 0.15 × 107 43.0 ± 10.0a 0.1606

Coefficient of variation 28.38

Means followed by the same superscript in the column do not differ among 
themselves by the Tukey’s test at 5% probability; * cells mL−1.

Considering that all the growth curves for C. sorokiniana obtained 
for each medium achieved the stationary phase from 23 to 27 days 
(Figure 1; Table 1), and that the germination of the seeds was evaluated 
with the 27 days cultured media, it is most probable that the nutrients 
were depleted from the media, at least the growth-limiting ones. In this 
sense, only cells could have interfered in seed germination, and the 
variables for that would be cell concentration and composition.

As observed, seed germination in the three treatments with different 
concentrations of C. sorokiniana, obtained from the same cultured 
Bold Basal medium did not differ significantly (Table 2). However, 
cell composition could have influenced seed germination. Each species 
of microalga is capable of producing different levels of biomass 
components [30] and has the ability to alter its metabolism according 
to the changes in the chemical composition of the culture medium and 
other culture conditions, including aeration, light intensity, temperature 
and age of the culture [31,32]. Here we did not evaluate algal cell 
composition in each treatment, but even if there were differences 
between them, the small number of cells used during germination 
experiments may not have been enough to reflect the results obtained.
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Figure 2: Germination kinetics of lettuce seeds in different culture media. 
*Bold Basal medium effluent with microalgae cell concentrations adjusted to 

2.7 × 107, 1.23 × 107 and 0.15 × 107 cells mL−1.

The organic fertilizer has greater effectiveness after the germination 
when it is in contact with the vegetal part. In the treatments where 
there was the use of the microalgae containing effluents as organic 
fertilizers obtained an increased dry mass. It tends to reflect in a higher 
vegetative growth, a superior productivity of the plants and possibility 
of seed generation with utmost physiological potential [33,34]. It was 
reported elsewhere that the microalgal fertilizers also increased the 
quality and economic value of horticulture products by increasing their 
carbohydrate and carotenoid contents [16].

Finally, the sensitivity of lettuce seeds produces an efficient response as 
a bioindicator of toxicity [13]. According to the obtained results neither 
microalgae containing effluent nor microalgae presented toxicity for 
germination. Germination is determined not only by the imbibed 
substance, but the whole condition prevailing during germination as 
all of them influence the metabolic activities of the seed [35].

4.	CONCLUSION

The use of microalgae effluents as organic biofertilizers for plant 
development is an option for biotechnological applications. The 
experiments did not show differences in the germination rate in all 
treatments, but there was a dry mass gain of the germinated seedlings. 
This experiment can become a proposal for new production systems 
combining the microalgal cultivation with horticulture.
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