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Abstract

Currently, microalgae have emerged as promising source of high-value products
due to its biomass productivity, high photosynthetic efficiency and non-competitive
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environment for growth. In this work, biomass production from Haematococcus
pluvialis was studied at three salt concentrations (0, 0.45 and 0.9% v/v) and blue,
white and red wavelengths in order to evaluate the effects of these factors on
microalgae growth. A 32 experimental design was performed and its results were
analyzed by Manova test with 95% of reliability. The results obtained suggest that
the best combination for biomass production consists of red wavelength and salt
concentration of 0% v/v with a maximum productivity of 8172.2 mg/mL.
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1 Introduction

The growing of global demand for energy, depletion of resources and
environmental pollution problems have led to search for suitable alternatives such
as biomass production from microalgae or agricultural wastes [1]. Biomass
utilization is an ever-trending process that is globally used for heating, cooking and
energy production purposes, due to its sustainable nature, physicochemical
characteristics, abundance and effective role in carbon dioxide atmospheric
sequestration [2, 3]. Microalgae are single-celled or colonial photosynthetic
organisms that are naturally present in different aquatic’/humid environments [4].
They only need a liquid medium, some nutrients and sunlight to stimulate the
growth of biomass, which makes feasible the use of land inappropriate for
cultivating food products [5]. The interest for these organisms lies in their potential
to produce biomass for food, feed and fine chemicals but mainly for the possibility
of synthetizing biofuels from microalgae biomass [6]. The microalgae growth
during photosynthesis is influenced by environmental parameters such as light and
salinity. Salinity is an intricate stress that affects various physiological and
biochemical mechanisms associated with the development of microalgae [7]. On
the other hand, the effects of various LED light wavelengths and intensities have
been previously investigated [8]. The aim of this work is to evaluate the effect of
both salinity and light wavelength on growth of Haematococcus pluvialis in order
to determinate the most suitable conditions for biomass production.

2 Materials and Methods

Culture methods

Haematococcus pluvialis strain was obtained from strains bank of industrial
biotechnology research group, previously acquired from NUTRE Company. For
preparing axenic culture of microalgae, metronidazole was used as an antibacterial
and anti-parasitic agent. Three concentrations of metronidazole (3, 6, and 9 pg/mL)
were evaluated in 1 L bioreactor for 8 days with photoperiod of 12 h light /12 h
darkness, at a temperature of 24 °© C £ 1 ° C. After changes in culture appearance,
adaptation to Bold medium was carried out according to Perales-Vela et al. [9]. For
evaluating salinity concentrations and wavelengths, horizontal photobioreactors of
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7 L were prepared, using 10 L capacity containers with plastic lid with two air
intakes supplied by a high-power aquarium pump.

Biomass quantification

Dry weight methodology was used for quantifying biomass production from
microalgae. Initially, calibration of 0.20u nitrocellulose membranes with 45 mm
diameter was performed during 24 hours at temperature of 70 °C. Then, they were
sent to the oven and weighted after 30 minutes (W1). The membrane filtration
technique was implemented by passing 10 mL of sample (Vm) through this.
Membranes were put back into oven for 12 hours at a temperature of 70 © C and
weighed to obtain the W». Finally, biomass production was calculated using
Equation 1.

W, — W. 1
Biomass (dry weight) = % 1000 (1)

m

Experimental design

In this research, a 3 experimental design was stablished with two factors
corresponding to salinity and wavelength, under levels represented by three
concentrations of NaCl and three light spectra as shown Figure 1. The evaluations
were carried out in 7 L reactors implementing white light as a reference parameter
because it is a normal condition for growth. The culture was developed during 12
days in two phases: the first 5 days cell growth was stimulated and then, it was
subjected to stress by prolonged exposure to light. The lamps implemented were
fluorescent light located approximately 15 cm from photobioreactor. Different
concentrations of NaCl were added after the fifth day of cultivation: 0, 0.45, and 9
% v/v implementing as reference 0% v/v.

\
Figure 1. Microalgae culture under: a) white, b) blue and c) red light wavelengths

3 Results and Discussion

The study of Haematococcus pluvialis culture showed a phase of adaptation to new
conditions during the first 3 days. The next day, an increase in cellular division of
microalgae population is observed, especially in cells exposed to red light, which is
suggested by an intense green coloration and formation of precipitates,
characteristic of microalgae biomass. On the fifth day of cultivation, cells
reproduction is mitigated mainly with white and blue light, while treatment with red



1696 Luz Karime Torres-Carvajal et al.

light affects growth but not limit it. During the following days, the crops have
changes in the hue of their coloration becoming more yellow with the presence of
slight orange and red precipitates.

Effect of light wavelengths

White light and salinity concentration of 0% v/v were established as control
kinetics. As shown in Figure 2, microalgae biomass increased relatively low with
days under this culture condition. Similar results were observed for blue light; due
to both light wavelengths generate a photo-inhibition effect that mitigate the cell
reproduction. On the other hand, red light decreased the doubling time and
increased growth rate as observed in Table 1, generating a maximum biomass
production of 8218.87 mg/mL, 51% and 65% higher than blue and white light,
respectively. This is because red light improves accumulation of carbohydrates, the
main component of microalgae cell wall and therefore affects their development
[10].
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Figure 2. Biomass production under blue, red and white wavelengths and
concentration of 0% v/v of salinity in duplicate.

Table 1. Kinetic parameters of Haematococcus pluvialis under blue, red and white
wavelengths and concentration of 0% v/v of salinity in duplicate

Reactor 1 Reactor 2
Treatments umix. (day?)  Doubling  pmax (day?)  Doubling
time (day) time (day)
White light [0]%
salinity 0.319 2.171 0.283 2.445
Blue light [0]%
salinity 0.336 2.062 0.346 2.001

Red light [0]%
salinity 0.816 0.849 0.805 0.861




Effects of wavelength and salinity on biomass production 1697

Effect of salinity

The increase in salinity in culture medium was performed by adding NaCl on the
fifth day of growth. Figure 3 shows the effect of concentration of 0.45%v/v on
Haematococcus pluvialis cells, evidencing a decrease in cell replication,
phenomenon previously reported by Serpa et al. [11].

9500 | 8600

sovo | —e— Red . o oo | —e— Red
S 5000 . E om0 .
E White N 700 White
= 8400
E —l—
E g | Blue
v 4800
E 4000
8 3200 1
A 2400

1600

a:'j -

0

012346678 9101 1213 00123 4656 78 9101 12 13
Time (days) Time (days)
Figure 3. Biomass production under blue, red and white wavelengths and
concentration of 0.45 % v/v of salinity in duplicate.

The growth rate in all treatments shows a decrease in its value as shown in Table 2.
In addition, it is observed an increase in doubling time due to the effect of salinity
on metabolism of Haematococcus pluvialis. The cellular responses to saline stress
are regulatory and seem to depend on a variety of mechanisms linked to the
modification in the balance of abscisic acid, which causes an inhibition of growth
or entry to a latency state [12].

Table 2. Kinetic parameters of Haematococcus pluvialis under blue, red and white
wavelengths and concentration of 0.45% v/v of salinity in duplicate

Reactor 1 Reactor 2
Treatments tmax. (day™)  Doubling  pmax (day?)  Doubling
time (day) time (day)
White light [0.45]% 0,255 2.714 0.260 2.665
salinity
Blue light [0.45]% 0,185 3,748 0.216 3.216
salinity
Red light [0.45]% 0,478 1,450 0.444 1.562
salinity

Figure 4 shows that concentration of 0.9% v/v presents a strong effect under all
light wavelengths, decreasing the concentration of cells even under red light by 30%
in relation to the concentration obtained without exposure to the increase in salinity.
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The vegetative cells of Haematococcus pluvialis are sensitive even at low
concentrations of salinity, therefore concentrations of NaCl above or close to 1%
are harmful and cause cells bleaching and limit cell reproduction. Table 3
summarizes Kinetic parameters obtained at this salinity concentration, in which
highest value for maximum growth rate is reached when red light is used in
microalgae cultivation.
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Figure 4. Biomass production under blue, red and white wavelengths and
concentration of 0.90 % v/v of salinity in duplicate.

Table 3. Kinetic parameters of Haematococcus pluvialis under blue, red and white
wavelengths and concentration of 0.90% v/v of salinity in duplicate

Reactor 1 Reactor 2
Treatments wmax. (day)  Doubling  pmax. (day™) Doubling
time (day) time (day)
White light [0.90]% 0.185 3.741 0.187 3.713
salinity
Blue light [0.90]% 0.136 5.099 0.173 4.015
salinity
Red light [0.90]% 0.247 2.802 0.254 2.723
salinity

Statistical analysis

The Manova analysis allows to determine the presence of significant differences
between the levels of each factor and the incidence of both factors on biomass
production as variable of response. The critical value of F for factors was 4.256 and
for interaction was 3.633. As the cultivation time elapses, the experimental value
of F greatly exceeds the critical value, for which it shows statistically significant
differences of treatments on the response variable.

4 Conclusions

This work attempted to study the effect of light wavelengths and salinity on biomass
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production from Haematococcus pluvialis. The use of metronidazole as an
antibacterial and anti-parasitic agent in microalgae cultures is feasible since it does
not represent adverse effects on culture development, establishing 3 pg / mL as
optimal concentration. The combination that showed the best effect on producing
biomass from Haematococcus pluvialis incorporates red wavelength and salt
concentration of 0% v/v with a maximum productivity 8172.2 mg/mL.
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References

[1] A. Gonzalez-Delgado, J. Garcia-Martinez, Y. Y. Peralta-Ruiz, Evaluation of
Two Pre-Treatments for Improving Lipid Extraction from Microalgae
Navicula sp, Contemporary Engineering Sciences, 10 (2017), 851-859.
https://doi.org/10.12988/ces.2017.78792

[2] C. Agamez, A. Gonzalez-Delgado, Y. Y. Peralta-Ruiz, An Environmental
Impact Based Approach for Synthesis of Palm Fruit Biorefineries from Palm
Oil Production Chains, Contemporary Engineering Sciences, 10 (2017),
819-828. https://doi.org/10.12988/ces.2017.7881

[3] M. Fellin, M. Negri, D. Antolini, Paolo Baggio and Elisa Pieratti, Biomass
Use Best Practices: Monitoring Biomass and Process Emissions for
Sustainable Use: A Case Study, Contemporary Engineering Sciences, 9
(2016), 1535-1546. https://doi.org/10.12988/ces.2016.68136

[4] B. Brasil, F. Silva, F. G. Siqueira, Microalgae biorefineries: The Brazilian
scenario in perspective, New Biotechnology, 39 (2017), 90-98.
https://doi.org/10.1016/j.nbt.2016.04.007

[5] A. Gonzalez-Delgado, Y. Y. Peralta-Ruiz, Thermodynamic Modeling of
Microalgae Oil Extraction Using Supercritical Fluids, Contemporary
Engineering Sciences, 10 (2017), 503-511.
https://doi.org/10.12988/ces.2017.7334

[6] L. Moreno-Garcia, K. Adjallé, S. Barnabé and G.S.V. Raghavan, Microalgae
biomass production for a biorefinery system : Recent advances and the way
towards sustainability, Renewable and Sustainable Energy Reviews, 76
(2017), 493-506. https://doi.org/10.1016/j.rser.2017.03.024

[7] K. Chokshi, I. Pancha, A. Ghosh and Sandhya Mishra, Salinity induced
oxidative stress alters the physiological responses and improves the biofuel
potential of green microalgae Acutodesmus dimorphus, Bioresource Techno-


https://doi.org/10.12988/ces.2017.78792
https://doi.org/10.12988/ces.2017.7881
https://doi.org/10.12988/ces.2016.68136
https://doi.org/10.1016/j.nbt.2016.04.007
https://doi.org/10.12988/ces.2017.7334
https://doi.org/10.1016/j.rser.2017.03.024

1700

[8]

[9]

[10]

[11]

[12]

Luz Karime Torres-Carvajal et al.

logy, 244 (2017), 1376-1383.
https://doi.org/10.1016/j.biortech.2017.05.003

Y. Zhao, S. Sun, C. Hu, Hui Zhang, Jie Xu and Lifeng Ping, Performance of
three microalgal strains in biogas slurry purification and biogas upgrade in
response to various mixed light-emitting diode light wavelengths,
Bioresource Technology, 187 (2015), 338-345.
https://doi.org/10.1016/j.biortech.2015.03.130

C. Montes-Horcasitas, H.V. Perales-Vela, Sergio Gonzalez-Moreno and Rosa
Olivia Caiiizares-Villanueva, Growth, photosynthetic and respiratory
responses to sub-lethal copper concentrations in Scenedesmus incrassatulus
(Chlorophyceae), Chemosphere, 67 (2007), 2274-2281.
https://doi.org/10.1016/j.chemosphere.2006.11.036

E. Agus, Suyono, Aminin, L. Pradani, U. Mu, Ratri Nisfi Habiba,
Ramdaniyah and Eva Fatihatur Rohma, Combination of blue, red, white, and
ultraviolet lights for increasing carotenoids and biomass of Microalga
Haematococcus pluvialis, Procedia Environmental Sciences, 28 (2015),
399-405. https://doi.org/10.1016/j.proenv.2015.07.049

R. Serpa-lbanez, A. Calderon-Rodriguez, Efecto del estrés por salinidad en
cuatro cepas de Dunaliella salina teod. en el Peru, Ecologia Aplicada, 4
(2005), no. 1-2.

M. Minguez-Mosquera, A. Perez-Galvez, D. Hornero-Méndez, Pigmentos

carotenoides en frutas y vegetales: mucho mas que simples ‘colorantes’
naturales, CTC Alimento, 26 (2006), 108-113.

Received: December 6, 2017; Published: December 24, 2017


https://doi.org/10.1016/j.biortech.2017.05.003
https://doi.org/10.1016/j.biortech.2015.03.130
https://doi.org/10.1016/j.chemosphere.2006.11.036
https://doi.org/10.1016/j.proenv.2015.07.049

