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ABSTRACT
Microalgae have long been considered promising microorganisms, due to their potential as a
source of valuable pharmaceuticals, pigments, carbohydrates, biofuels, and other fine chemicals.
High-density microalgalphotobioreactors have been considered for exploiting the
biotechnological potential of microalgae. Haematococcuspluvialisis considered the richest
natural source of astaxanthin for pharmaceutical, nutraceutical, and cosmetic applications. One
of key challenges was to provide light sources that are more efficient, to deliver light more
efficiently to the microalgal culture. Recent developments in highly efficient light-emitting diodes
(LEDs) have made possible the development of LED-based photobioreactors (PBR). We
investigated the effects of various LEDs on the growth and astaxanthin production from
Haematococcuspluvialis. The mixture of red and blue was found to be the most effective light
source for growing this microalga. The ratio of mixed red–blue showed the best growth and
astaxanthin accumulation from Haematococcuspluvialis. The maximum biomass and astaxanthin
production with illumination by mixed red–blue LEDs was 1.54 g/L and 20.12 mg/L, respectively.
Biomass and astaxanthin were enhanced by a maximum of 4.84 g/L and 124.96 mg/L, with the
mixed red–blue illumination at high light intensity 160 μE·m-2·s-1. Two stage cultures for large scale
cultivation using tubular photobioreactor with LED lighting panels was firstly investigated in this
study.
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INTRODUCTION
Microalgae have been suggested as
good candidates for valuable production
because of specific advantages they
possess such as higher photosynthetic
efficiency, higher biomass production
and faster growth when compared with
other energy crops (Tran etal., 2010).
Microalgae have been considered as
great promising microorganism due to its
potential as a source of valuable
pharmaceuticals, pigments, carbohydrates, biofuels and other fine chemicals.
Haematococcuspluvialis
is
green
microalga, considered as the best
potential
source
of
astaxanthin.
Astaxanthin (3,3'-dihydroxy-β, β-carotene4,4'-dione) is a high value carotenoid
pigment with potential applications in
various
fields,
including
cosmetics,
nutraceuticals, and the food and feed
industries (Katsumata et al., 2014). The
potent
antioxidant
properties
of
astaxanthin have been implicated in
various
biological
activities,
demonstrated in both experimental
animals and clinical studies. It has both
considerable potential and promising
applications in human health and
nutrition (Guerin et al., 2003). This
photosynthetic microorganism requires
different culture conditions for vegetative
growth and astaxanthin production;
astaxanthin
accumulates
inside
Haematococcuscell bodies during the
transformation of green vegetative cells
to red cyst cells under unfavorable
environments (Kang and Sim, 2007). Many
induction methods, such as nitrogen
starvation, exposure to intense light,
excess acetate addition, salt stress, and
the addition of specific cell division
inhibitors, have been developed for

transforming green cells to red cysts with
high astaxanthin content (Fábregaset al.,
1998). Accordingly, the biotechnological
exploitation for growth and astaxanthin
production
potential
of
microalga
requires exploration.
The most relevant environmental factors
that affect the growth of microalgae
include light, temperature, pH, salinity,
nutrients’ qualitative and quantitative
profiles, and dissolved oxygen, and the
levels of heavy metals or synthetic
organics (Kumar et al., 2010). Microalgal
growth can be affected by reactor
operation conditions such as hydraulic
residence time, harvesting rates, gas
transfer, and mixing equipment, because
these factors affect CO2 availability,
shear rates, and light exposure (Kumar et
al., 2010). However, although work
suggests that nitrogen is a critical factor, it
does not work alone, but interacts with
other factors such as the light intensity to
affect the overall astaxanthin production.
The effect of light intensity on astaxanthin
production can be largely altered by the
algal density in the culture, as the latter
affects the light availability for individual
cells under a given incident light intensity
(Wang et al., 2013). The light regime
inside a cultivation system must be
considered in the design and scaling-up
of photobioreactors, because light
energy is a growth limiting substrate. Two
properties of light energy are important
for astaxanthin accumulation: Light
intensity and spectral quality (Kim and
Lee, 2001). A high light intensity causes
relatively large quantities of astaxanthin
to accumulate in Haematococcus cells.
Spectral quality is defined by the
absorption spectrum for chlorophylls and
other photosynthetically active pigments

2015 May Edition |www.jbino.com | Innovative Association

Hai-Linh Tran et al.

J.Bio.Innov4(3),pp:92-101,2015|ISSN2277-8330
(Electronic)
(such as astaxanthin and carotenoids)
(Kim et al., 2013); supplying a specific
wavelength of light will enhance
astaxanthin production. Light emitting
diodes (LEDs) have recently been
recognized as effective light sources and
low cost energy sources for microalgae
cultivation (Schulze et al., 2014). For these
reasons, it is important to develop general
knowledge in this field, with an emphasis
on the effects of light emitting diodes.
In the present study, the growth and
astaxanthin
accumulation
of
Haematococcuspluvialis was examined
for various light sources. Mixed red–blue
light was found to be the most efficient
for growth and astaxanthin production in
Haematococcuspluvialis, and the shifting
wavelength was investigated. Herein,
Haematococcuspluvialis biomass was
observed as a potential source of
astaxanthin production when cultured
using light emitting diodes.
MATERIAL AND METHODS
Microalgal strain and culture systems
Haematococcuspluvialiswas
obtained
from
Professor
Seong-Moon
Park’s
laboratory, Chonbuk National University,
South
Korea.
It
was
cultivated
photoautotrophically
in
the
OHM
medium, which consisted of (g/L) KNO3,
0.41; Na2HPO4, 0.03; MgSO4·7H2O, 0.246;
CaCl2·2H2O, 0.11; and (mg/L) C6H5FeO7,
2.62; CoCl2.6H2O, 0.011; CuSO4.5H2O,
0.012; MnCl2.4H2O, 0.98, Cr2O3, 0.075;
Na2MoO4.2H2O, 0.12; SeO2, 0.005 and in
(µg/L) biotin, 25; thiamine, 17.5 and B12,
15
(Fábregaset
al.,
2000).
Flask
photobioreactors were made of Duran
glass, and air that had been sterilized by
filtering through glass fiber was passed
into the flasks (Tran et al., 2009).

Fluorescent lamps were used as a light
source for the seed culture, and the
cultivations were maintained at 25 °C.
Biomass estimation
Aliquots of the culture suspension were
harvested via centrifugation at 5,000 rpm
for 10 minutes, after which the cells were
washed twice with distilled water. The dry
weight of the algal cells was then
measured by pipetting the washed cell
suspension onto pre-weighed Nylon filters
(Model
R04SP0470S,
GE
OsmonicsLabstore,
Minnetonka,
MN,
USA). After applying a vacuum from a
small compressor for 5 minutes, the liquid
component of the samples had been
substantially removed, leaving the cell
pellet. The filter and cell pellet were then
placed in the drying oven and dried to
constant weight by heating at 80 °C for
24 hours. The filters were then allowed to
cool to room temperature in a desiccator
and reweighed, after which the dry
weight of the algal biomass was
determined
gravimetrically
as
the
difference between the weight of the
filter before and after use; growth was
expressed in terms of dry weight (g/L)
(Tran et al., 2013).
Astaxanthin measurement
The astaxanthin concentration was
analyzed using a spectrophotometer
after acetone extraction together with
bead-beating using a cell disruptor. The
extraction was centrifuged at 13,000 rpm
for 10 minutes, determined by the
spectrophotometer
at
OD474,and
calculated using calibration curves. The
astaxanthin standard (Sigma-Aldrich Co.
Ltd, U.S.A.) was used for calibration. The
level of astaxanthin production (mg/L)
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(CA) was calculated using the following
equation:
CA= (OD474-0.0831)/0.1426
Morphological change
Morphological changes in the cells were
observed via optical microscope (model
KB-500, KoreaLabTech Corporation) and
were analyzed in photographs taken with
a digital camera (Discovery C30 Scientific
microscope camera) using the ISCapture
version 2.5.1 software, which was supplied
by Scienon Technology Co., Ltd.
Light sources and measurement of light
intensity
Different light sources were used:
Fluorescent lamps (Model FPL-55W,
OSRAM Co., Ltd., Korea), blue (λmax 447
nm) and red LEDs (λmax 656 nm) were
made by LED Agri-Bio Fusion Technology
Research Center, Chonbuk National
University, South Korea. The light intensities
of the fluorescent lights were adjusted by
altering the number of fluorescent lamps
and
the
distance
from
the
photobioreactor. The light intensity of the
LED light was controlled using a light
controller, thus the light intensities of the
LEDs could be adjusted. The light
intensities were measured using a
quantum sensor (Model SKP 200 38684,
Skye Instruments Ltd, United Kingdom).
RESULTS AND DISCUSSION
Effects of different kinds of LEDs on the
growth and astaxanthin production
In this study, we took steps to determine
whether
growth
and
astanxanthin
production
were
affected
by
wavelength.
We
used
the
same
experimental
setting,
except
using
different light sources such as fluorescent

lighting, red, blue, and mixed red–blue
LEDs. LEDs were used because it is
possible to control their wavelengths
precisely. Blue light (wavelength range
400–505 nm, with a peak at 447 nm) and
red light (wavelength range 595–700 nm,
with a peak at 656 nm) were used.
Fluorescent light was used as the control.
As shown in Figure 1, the emission spectra
of these light sources are very distinctive
from one another. The cultures were
illuminated at the same total light
intensity (40 μE·m-2·s-1), and the preculture of H. pluvialis was mixed in OHM
medium in a 500 mL Duran flask, with a
working volume of 350 mL. Inorganic
carbon for microalgae growth was
supplied
at
1
vvm
(aeration
volume/medium working volume/minute)
using an air pump and air sparger. The
schematic diagram of the experimental
setup is shown in Figure 2. As seen in
Figure 3, the mixed–blue LED setup was
found to be the most effective for growth
of the microalga. The maximum biomass
obtained with mixed red–blue illumination
was 1.54 g/L, followed by red, blue and
fluorescent light at 1.44, 1.36, and 1.24
g/L,
respectively.
Compared
with
monochromatic light, the growth and
astaxanthin production of H. pluvialis
using
mixed
red–blueLEDs
were
substantially higher. Ruyters reported that
sufficient red and blue light should be
provided
for
the
adequate
photosynthesis of microalgae and plants
(Schulze et al., 2014). In this study,
photosynthetic efficiency increased by
selectively and simultaneously providing
both red and blue light, which provided
the necessary wavelength ranges for
photosynthesis. Thereby, the biomass and
astaxanthin production rates were higher
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than for only red light, only blue light, or
fluorescent light. These results indicate
that mixed LEDs are more favorable and
effective for biomass and astaxanthin
production in H. pluvialis.
Effects of shifting the wavelength and
initial light intensity of mixed red–blue
LEDs
on
growth
and
astaxanthin
production
To examine the effect of light intensity
and wavelength on growth and
astaxanthin
production
further,
H.
pluvialiscells were cultured under various
conditions. One at low light intensity (40
μE·m-2·s-1), one at high light intensity (160
μE·m-2·s-1) of mixed red and blue
wavelengths, and two experienced
shifting wavelengths (red light and
fluorescent with low light intensity (40
μE·m-2·s-1) for eight initial days, then mixed
red–blue with high light (160 μE·m-2·s-1) for
six days). Red LED and fluorescent light
were used as a control (at 40 μE·m-2·s-1
light intensity). The batches were all
cultured for 14 days in total. Figure 4
shows that the mixture of red and blue
light at a high light intensity (160 μE·m-2·s-1)
was the most effective for growth and
astaxanthin production. It displayed the
highest
biomass
(4.84
g/L)
and
astaxanthin accumulation (124.96 mg/L),
followed by the sample of shifting
wavelength from fluorescent to mixed
red–blue light (high light intensity - 160
μE·m-2·s-1) with 3.8 g/L and 95.26 mg/L. The
next was shifting wavelength from red to
mixed red–blue light (high light intensity 160 μE·m-2·s-1) (3.4 g/L and 86.26 mg/L),
then mixture of red and blue light, red
light and fluorescent with low light
intensity (40 μE·m-2·s-1) with (2.46 g/L and
62.86 mg/L), (2.3 g/L and 59.87 mg/L)

(1.86 g/L and 40.82 mg/L), respectively.
These results suggest that red–blue light,
whose wavelength falls on the adsorption
spectra of astaxanthin and chlorophylls,
has
higher
efficiency
than
nonoverlapping
spectral
sources.
Furthermore, low light intensities (40 μE·m2·s-1) were insufficient to support highdensity photoautotrophic cultures or fully
induce
astaxanthin.
However,
the
efficiency of high light intensities of mixed
red–blue (160 μE·m-2·s-1) have been
jumped recently. This clearly suggests that
LEDs can be suitable light sources, not
only for biomass, but also for astaxanthin
accumulation.
The
growth
and
astaxanthin
accumulation of H. pluvialisin large-scale
cultivation
using
a
tubular
photobioreactor
Both
tubular
and
flat
panel
photobioreactors have been scaled up
to large-scale, yet neither has been
demonstrated as clearly superior to the
other (AciénFernándezet al., 2013).
Although the production of H. pluvialis in
outdoor using tubular PBR has been done
(Olaizola and Huntley, 2003), no data
mentioned to the production of H.
pluvialis in indoor using light emitting
diodes as light sources. The horizontal
tubular photobioreactor (PBR) used in this
experiment was made by total 68 ea of
glass tube which connected by the glass
connector (each tube with long 68 cm
and diameter 2.5 cm), the working
volume in tubular was 25L and the
working volume in the container was 25L,
and its total working volume for this type
PBR is 50L. The culture solution from
container was connected to the tubular
PBR by a centrifugal pump; the speed
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was controlled by a controller. Air was
supplied at the bottom of the container.
In this kind of photobioreactor, light
dilution is obtained by applying LEDs
lighting panels (included red, blue and
mixed of red: blue) to the tubular PBR. It
was experimentally characterized for
developing
scalable
industrial
photobioreactors with LED illumination.
The schematic diagrams of the tubular
photobioreactor are described in Figure
5. A two-stage cultivating process of H.
pluvialiscells for large scale production of
astaxanthin comprising: (stage 1) growing
the cells under controlled environmental
conditions for optimal growth so called
“green stage”, this step using fluorescent
lamp as light sources with intensity (40
μE·m-2·s-1); (stage 2) H. pluvialiscells from
stage 1 were moved to culture in tubular
PBR under the illumination of mixed red–
blue LED (160 μE·m-2·s-1) and the red, blue
light (100 μE·m-2·s-1), this step for the
induction and astaxanthin accumulation

so called “red stage”. The stage 1 was
cultured for 8 days; the stage 2 was
cultured for next 6 days. The batches
were all cultured for 14 days in total. As
seen in Figure 6, the biomass and
astaxanthin
production
under
the
illumination of mixed red–blue light (1.66
g/L and 36.78 mg/L, respectively) was
higher than for blue light (1.5 g/L and
32.06 mg/L) and red light (1.36 g/L and
27.89
mg/L),
respectively.
It
was
confirmed that mixed of red and blue
LEDs can improve the quality and
quantity of microalgal biomass and their
integration into microalgal production
systems (photobioreactors) should be
considered.
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Fig 1: Emission spectra of blue, red, mixed red–blue LEDs, and fluorescent light.
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Fig 2: Schematic diagram of the experimental setup for different light illuminations (A: Fluorescent
light, B: Red LED, C: Blue LED, D: A mixture of red and blue LEDs).

Fig 3: Biomass concentration and astaxanthin production of H. pluvialis under various light sources

Fig 4: Effect of shifting wavelength and light intensity of LEDs on biomass concentration and
astaxanthin production of H. pluvialis.
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Fig 5: Schematic diagrams of 50L tubular photobioreactor (A: tubular PBR with LEDs lighting panels,
B: controller for a centrifugal pump, C: the container)

Fig 6: The growth and astaxanthin accumulation of H. pluvialis in large-scale cultivation using a
tubular photobioreactor.
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