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Summary: Growth and biochemical composition of a newly isolated Bulgarian strain
Haematococcus cf. pluvialis Rozhen-12 were studied in relation with culture media com-
position and temperature regime. The best growth and the highest carotenoid content (5.6
mg/g biomass) during the vegetative phase were obtained when the alga was cultivated at
the highest salt concentration in the medium (with urea and NH,NO, as nitrogen sourc-
es). The strain showed a significant adaptive capacity, retaining high biomass productiv-
ity in a wide temperature range 25 — 38°C and a photon flux density of of 2 x 132 umol
m~? s, which makes this alga suitable for outdoor mass cultivation.
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INTRODUCTION

The world’s needs of carotenoids
(used as natural dyes and nutraceuticals)
are continuously growing whereas the
demands for biotechnologically produced
pigments (astaxanthin, canthaxanthin,
lutein, etc.) are also increasing. The
main producers of carotenoids among
microalgae belong to Chlorophyceae -
Chlorella, Chlamydomonas, Dunaliella,
Haematococcus and Muriellopsis (Pulz
and Gross, 2004). These algae can
accumulate carotenoids inside their
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cells and therefore are an alternative to
the chemically synthesized pigments
(Bhosale and Bernstein, 2005).

Microalgal carotenoids are
successfully applied in the food industry
and human health care, with their
antioxidant properties being the focus.
For example, natural B-carotene is a
preferred health product because it is a
mixture of cis and frans isomers and has
an antitumour effect (Demming-Adams
and Adams, 2002).
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Astaxanthin is a  xanthophyll
carotenoid, which is found in various
microorganisms and marine animals. It
exhibits strong antioxidant, anti-lipid
peroxidation, anti-diabetic and anticancer
activities, as well as cardiovascular
disease  prevention and immune-
modulation properties (Ranga Rao et al.,
2014). The green alga Haematococcus
pluvialis accumulates a higher quantity of
astaxanthin under stress conditions such
as high salinity, nitrogen deficiency, high
temperature and light (Sarada et al., 2002;
2012; Ranga Rao, 2011). Astaxanthin
produced from H. pluvialis is a main
source for human consumption (Kidd,
2011). Astaxanthin products in forms of
tablets, capsules, syrups, oils, soft gels,
creams are available on the market.

Bulgaria is one of the countries in the
world where mass outdoor cultivation of
microalgae (Chlorella, Scenedesmus and
Arthrospira) has been achieved. In the
recent years, despite of the great interest
in Haematococcus biomass production,
including a number of Bulgarian
companies, no extensive research has
been done.

The aim of this work was to isolate
and characterize a new local strain from
Haematococcus genera that could be
used for commercial production.

MATERIALS AND METHODS

The studies were conducted with
the strain Haematococcus cf. pluvialis
Rozhen-12. Samples were collected from
an old granite bed of a dried fountain
near Rozhen village (Blagoevgrad
region). The isolation technique included
streaking cells across agar plates
(Andersen and Kawachi, 2005) resulting
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in the formation of single colonies. The
strain was kept in the collection of the
Department of Experimental Algology
at the Institute of Plant Physiology
and Genetics, Bulgarian Academy of
Sciences.

Monoalgal, non-axenic cultures
of Haematococcus cf. pluvialis strain
Rozhen-12 were grown autotrophically
for 8 days (192 h) in different culture
media: BG,, (Rippka et al., 1979);
modified BG,, (Boussiba vand Vonshak,
1991) and medium of Setlik (1967),
modified by Georgiev at al. (1978) at
Y5 concentrations of nutrients, noted as
% ChR (Table 1). A carbon source was
provided by bubbling 2% CO, (v/v) in
air through the suspensions. A block
for intensive cultivation of algae at
set temperatures (21.5 - 40.5°C) and a
photon flux density of 2 x 132 pmol m™
s! was used for 4 days (96 h)-cultivation
of H.cf. pluvialis strain Rozhen-12.

Biomass for biochemical analysis was
harvested at the end of the experiments.

The concentration of the dried algal
biomass was analyzed gravimetrically.
Protein  content =~ was  measured
following the method of Lowry (1951).
Carbohydrate content was determined
following the phenol-sulfuric acid
method of Dubois et al. (1956). Total
lipid content was measured as described
by Petkov (1990) after 2 times extraction
of 20-30 mg of wet biomass with a
mixture of chloroform:methanol (2:1,
v/v). Pigments were extracted with
boiling methanol and their content was
determined spectrophotometrically.
Pigment quantity and growth rate were
calculated based on Mackinney’s formula
(1941) and Levasseur et al. (1993),
respectively.
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Table 1. Chemical composition of different culture media used for cultivation of

Haematococcus cf. pluvialis Rozhen-12.

No Elements BG, [mgl'] modBG, [mgl'] '2ChR [mg]l']

1 NaNO, 1500 1500 -

2 KHPO, 40 320 -

3 KH,PO, - - 340

4 MgSO,.7H,0 75 200 984.5

5 CaCl.2H,0 36 36 -

6 EDTA-Na, 1 1 -

7 Na,CO, 20 100 -

8 NaCl - - -

9 H,BO, 2.86 2.86 31

10 MnCl,.4H,0 1.81 1.81 -

11 ZnSO,. 7H,0 0.22 0.22 -

12 Na,M00,2H,0 0.39 0.39 -

13 CuSO,.5H,0 0.08 0.08 2.25

14 Co(NO,),.6H,0 0.05 0.05 -

15 NH,NO, - - 800

16 CO(NH,), - - 600

17 Fe,(SO,),.9H,0 - - 1.40

18 MnSO,.4H,0 - - 1.10

19 ZnSO,.5H,0 - - 1.45

20 CoSO,.7H,0 - - 1.40

21 (NH,),M00,.7H,0 - - 1.20

22 NaHCO, - - 2000

23 Citric acid 6 6 -

24  Ammonium-ferric citrate 6 6 -
Sum [mg 1] 1689.41 2174.41 4764.30

RESULTS AND DISCUSSION These results are of interest for outdoor

The first step of our work was to
determine the most suitable culture medium
for optimal growth of Haematococcus
¢f. pluvialis Rozhen-12. The intensive
cultivation was carried out at 36°C and a
photon flux density of 2 x 132 pmol m? s
The results are shown in Fig. 1.

The biggest linear phase and the
maximal culture density were reached
when the medium with the highest salt
concentration was used (72 ChR medium).

mass cultivation, especially when using
technology for thin layer cultivation (5-10
mm) and increased density (8-12 g 1) of
the algal suspension (Livansky and Pilarski,
1993; Livansky et al., 1993, 1995).
Qualitative composition of microalgal
biomass is an important feature in mass
cultivation. Differences in the content
of some metabolites in algal biomass
depending on the culture media are an
expected result of the high plasticity
of cellular metabolism. The chemical
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Figure 1. Growth curves of Haematococcus cf. pluvialis Rozhen-12
cultivated in three different media (the average data are shown).

composition of Haematococcus cf. pluvialis
Rozhen-12 is presented in Table 2. The main
component that we were interested in was
carotenoids. It is important to underline the
two times higher carotenoid content in %2
ChR medium (in which urea and NH NO,
were used as nitrogen sources). Our data are
in contrast to the results reported by Goksan
et al. (2011). The authors studied the effect
of various nitrogen sources in vegetative
Haematococcus cultures and observed the
lowest dry weight and pigment (chorophyll
and carotenoids) content in the urea-
containing medium in comparison with
NaNO,, KNO, and NH/NO,-containing
growth media.

The better biomass productivity
and the higher carotenoid content in H.

¢f. pluvialis Rozhen-12 cultivated in %
ChR medium determined the use of this
medium in our further experiments.

Haematococcus cf. pluvialis
Rozhen-12 was cultivated on a block with
a temperature gradient (21.5 — 40.5°C) and
a photon flux density of 2 x 132 pmol m?
s'!. The results on algal growth are shown
in Fig. 2.

The growth rate (n) during the 3rd day
was highest at 35°C. In the temperature
range 25-38°C the decline in cell growth
rate was 19%, while in the range 31-38°C
it was only 5%, indicating that the strain
retained high biomass productivity in a
wide temperature range. These results
demonstrate the adaptive capacity of the
strain as an advantage in mass outdoor

Table 2. Chemical composition of Haematococcus cf. pluvialis Rozhen-12 depending
on the culture media (data presented as % of dry weight).

Proteins  Carbohydrates  Lipids  Chlorophyll ,,a*“ Carotenoids

[% DW] [% DW] [% DW] [% DW] [% DW]
% ChR 21.23+2.98 47.20+£3.82 16.17+£2.13 1.57+0.17 0.66+0.09
Mod. BG,, 13.78+0.14 64.22+3.94  8.29+1.20 0.43+0.03 0.37+0.02
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Figure 2. Growth rate (72h) of Haematococcus cf. pluvialis Rozhen-12,
cultivated at different temperatures (the average data are shown).

cultivation where diurnal and seasonal
fluctuations are significant. The extreme
temperatures (21.5°C and 40.5°C) led to
growth retardation that was stronger at
the low temperature. Neither microscopic
changes nor changes in the suspension
color were observed.

70

Unlike Chlorella spp. and
Scenedesmus spp. in which cell proteins
represent 50% of dry weight (Livansky
et al., 1995; Gacheva and Pilarski, 2008),
protein content in Haematococcus cf.
pluvialis Rozhen-12 was much lower

(by average 23.6%) (Fig. 3). Our results
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Figure 3. Main cellular components (% of dry weight) of Haematococcus
cf. pluvialis Rozhen-12 cultivated at different temperatures (the average

data are shown).
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confirmed the data presented in a technical
review on Haematococcus algae where
an average protein content of 23.62% on
a dry weight basis was pointed (Lorenz,
1999).

Carbohydrate contentin H. cf. pluvialis
Rozhen-12 cells varied from 39% to 62%,
but it was relatively constant in the range
24-38°C. Lorenz (1999) indicated 40%
carbohydrates in Haematococcus cells,
but a serious increase in these metabolites
(almost 60% of dry weight) could be
achieved in nitrogen deficiency conditions
during the first day of impact (Recht et al.,
2012). The accumulation of carbohydrates
in H. pluvialis Rozhen-12 (up to 62%
of dry weight) could be explained by
intensive photosynthesis.

Lipid content in H. cf. pluvialis
Rozhen-12 was highest (24.5% of dry
weight) at 22°C and decreased at 37.5 and
40.5°Ct0 16.2% and 15.9% of dry weight,
respectively (Fig. 3). Low-temperature
stress induced the accumulation of lipids
in the green microalga Dunaliella salina

(Norman and Thompson, 1985). This
result was confirmed also in our study -
the highest lipid level was measured at the
lowest temperatures of Haematococcus
pluvialis Rozhen-12 cultivation. Usually,
the conditions which induce lipid
synthesis reduce the algal growth as
reported for other microalgae (Rodolfi et
al., 2009).

The most significant variations (from
1.10 to 1.98% of dry weight) depending
on the growth temperature were observed
in chlorophyll a content (Fig. 4). Cifuentes
et al. (2003) reported lower levels of
chlorophyll a in H. pluvialis cultivated in
NaNO, and NH Cl-containing mediaunder
85 umol photons m? s (0.38% and 0.63%
of dry weight, respectively). Carotenoid
levels in H. pluvialis Rozhen-12 cells also
increased with temperature enhancement
and reached a maximum at 37.5°C (0.53%
of dry weight). Total carotenoid content
estimated in this work may be considered
low when compared to data reported in the
literature, but the carotenoid accumulation
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Figure 4. Pigment content (% of dry weight) in the cells of Haematococcus
cf. pluvialis Rozhen-12 cultivated at different temperatures (the average

data are shown).
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depends on the strain and the stress
conditions applied: salt stress, nitrate-
deprived medium, high light intensity
(Cifuentes et al., 2003). Our experiments
were conducted under relatively favorable
conditions allowing the achievement of
optimal microalgal growth, but without
a significant stimulation of carotenoid

35

Haematococcus  pluvialis  was  also
analyzed (Fig. 5). Palmitic and a-linolenic
acids were among the most pronounced
fatty acids. Zhekisheva et al. (2002)
reported the presence of fatty acids
with more carbon atoms (20 and 22) in
Haematococcus cells, however, our results
with strain H. ¢f. pluvialis Rozhen-12 did

synthesis. not confirm these data.
Fatty acid composition of The  industrial  production  of
r.aven - r
|
- - .'BJ.C = —odl bt
5 °
=4 = :
! B b=
! : olo 'E $£v =
o e 1 I T B Mo ¥ e
=
oz e SHe——= ==L
= b
= -
— e g — .
z 1
—— — "_1;' ,‘3,, - ——ee
o i
P -4
= ! =1 } =
= i 1 :
o ldl —3— o <
: STHE Y
Lt 1 U."U ! } e y
l ! l i = !
_] ] o2 ! =

Figure 5. Gas-chromatographic record of fatty acid composition of
Haematococcus cf. pluvialis Rozhen-12 cultivated at 35°C and a photon flux

density of 132 pmol m?2s™'.
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astaxanthin from the green alga
Haematococcus pluvialis is a two-step
process: the first step (green phase) is the
production of a sufficient volume of green
vegetative cell suspension under optimal
growth conditions and the second step
(red phase) is astaxanthin accumulation
in microalgal cells at stress conditions
(deprivation of nitrate and phosphate,
increased temperature and light intensity,
salt stress, etc.). Mass cultivation of H.
pluvialis is conducted in open ponds
or closed photobioreactors mainly at
autotrophic conditions.

The main problem with
Haematococcus pluvialis mass outdoor
cultivation is the low growth rate exhibited
by the alga under autotrophic conditions
and its sensitivity to the climate changes
during the cultivation period. Our study
was entirely focused on the vegetative
growth stage of the local strain H. cf.
pluvialis Rozhen-12 as an important
part of biotechnological astaxanthin
production. The obtained results showed
that this strain provided biomass with
a stable biochemical composition even
when cultivation was carried out either at
a very low (24.5°C) or high temperature
(40.5°C). This feature makes this strain
competitive with other Haematococcus
strains. Further research on the red phase
of H. ¢f. pluvialis Rozhen-12 life cycle is
needed.
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