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Abstract

Microalgae can produce various natural products such as pigments,
enzymes, unique fatty acids and vitamins that benefit humans. The objective
of the study was evaluation of carotenoids (beta carotene, zeathanthin,
lutein, lycopene and astaxanthin) and chlorophyll a in spirulina microalgae.
Spirulina powder has been produced by Jordan’s method in Iran.
Carotenoids were extracted from Spirulina platensis by adopting a method
described by Reboul; then the sample was prepared and injected into a
HPLC instrument with triplicate injection. Chlorophyll’s biomass content
was determined by spectrophotometer. After assaying the curves of HPLC,
the amount of chlorophyll a, astaxanthin, beta carotene, Ilycopene,
zeaxanthin and lutein in spirulina was determined as 4.3+0.14, 0.21+0.02,
7393+2.76, 741+2.32, 6652+3.69 and 424+2.83 ug/ml respectively. Beta
carotene account for 80% of the carotenoids present in spirulina after that
zeaxanthin was most. At last, Spirulina was a good source for carotenoids as
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1. Introduction

Spirulina  and its derivatives can be
incorporated into many kinds of foods [1]. This
useful microalgae consists of proper contents of
macro and micro nutrients [2,3]. It may also
improve the viability of probiotic bacteria in
carrier food [4-6]. Due to its pharmacological
and medical activities, several beneficial health
benefits of spirulina have been documented [4,
7]. Carotenoids are tetraterpenoids and
synthesized in plants, algae and other
photosynthetic organisms as well as in some
nonphotosynthetic bacteria, yeasts, and molds.
Most of the carotenoids are composed of a
central carbon chain of alternating single and
double bonds, and carry different cyclic or
acyclic end groups. Their major biochemical
functions are determined by the extended system
of conjugated double bonds, which is also
responsible for their color. Carotenoids are
unique constituents of a healthy diet, and play an
important role in the network of antioxidant
vitamins and phytochemicals. They are good
blue light filters, and efficient quenchers of
singlet oxygen and excited triplet state
molecules. Lipophilicity of carotenoids determi-

nes their subcellular distribution. Carotenoids
are enriched in membranes and other lipophilic
compartments. Taken together, this makes
them suitable photoprotectants, not only for
plants but also for humans [8-10]. Microalgae
produce various natural products such as
pigments, enzymes, unique fatty acids and
vitamins that benefit humans. The potential of
microalgae to enhance nutritional content of
conventional food preparations is great as they
represent a valuable source of nearly all essential
vitamins (e.g. A, By, Bz, Bg, By, C, E, nicotinate,
biotin, folic acid and pantothenic acid).
Microalgae can also be an important source of
carotenoids for commercial use, because these
compounds can be obtained in high yield [11-
13]. Spirulina platens is a microscopic blue-
green alga in the shape of a spiral coil, living
both in sea and fresh water. It is widely used as
health food due to its protein content, vitamins
and active substances for the immune system
[14]. Currently, the commercial production of
spirulina in many countries is oriented mainly
towards the health food market. Considerable
interest has been invested in outdoor cultivation
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of Spirulina sp. for commercial biomass produ-
ction because of its potential source of protein
and valuable chemicals [15].

The possibility of increasing the level of
some bioactive compounds (beta carotene,
phycopiliprotein and total lipids) in Spirulina sp.
isolated from Wadi EIl Natron lake (Egypt) was
studied [16].

The low productivity of algal cultures in the
production of high-value compounds is the most
significant bottleneck for commercialization of
this technology. Production and selective
extraction of carotenoids in  two-phase
bioreactors from Spirulina platensis as an
alternative algal technology to traditional organic
water solvent extraction systems can be done by
using several methods [17]. Also, chemical
characterization of the extracts was performed
using liquid chromatography with Diode Array
Detector while the fractions were also
functionally  characterized by in  vitro
antioxidant activity assays (using the b-carotene
bleaching method) [18]. The amounts of total
carotenoids, chlorophylls-derived and phenolic
compounds were associated inversely with the
concentration of nitrogen in growth media [19].
Different conditions of culture and drying can
also affect the biochemical composition of
spirulina [20, 21]; for this reason, the objective
of the study is evaluation of carotenoids (beta
carotene, zeathanthin, lutein, lycopene and
astaxanthin) and chlorophyll a in Spirulina
platensis microalgae that has been produced in
Iran for the first time.

2. Materials and Methods

2.1 Preparation of spirulina microalgae

Spirulina platensis was cultured by Jourdan’s
method and harvested with net filtration in
maximum growth in Persian Gulf Biotechnology
Center [22, 17]. Slurry of spirulina was dried by
freeze drier (VACO2-E model, ZIRBUS) and
milled to produce spirulina powder [17].
Extraction and determination of carotenoids and
chlorophyll a have been carried out in Shahid
Beheshti University, Tehran, Iran.

2.2 Determination of chlorophyll a

The cellular concentration was determined by
measurements of optical density at 560 nm. The
chlorophyll biomass content was determined
spectrophotometrically at 661 nm from a fresh
biomass on a D5 spectrophotometer following
the methods of Mackinney [23, 24].
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2.3 Extraction of carotenoids

Carotenoids were extracted from Spirulina
platensis by adopting a method described by
Reboul et al. [25]. In brief, 0.5 g of microalgae
powder was added to 10 ml of methanol
containing 0.57 (w/v) magnesium carbonate.
Then, the samples were homogenated for 30
seconds using a vortex. Next, 10 ml of
trichloromethane, which contained 0.005 (w/v)
butylated hydroxyl toluene, was added. The
samples were then homogenised for a further 30s
in the vortex blender. Ten millilitres of distilled
water was added after 15 minutes. The samples
were centrifuged (2000 xg for 10 minutes) by
using Hettich Universal 32R centrifuge (Hettich,
Tuttlingen, Germany). The lower phases of the
samples were collected, and the upper phases
were repeatedly extracted over three rounds. The
extracts of the lower layer were then pooled,
evaporated to dryness, and re-dissolved in 8 ml
of acetonitrile/dichloromethane  (50:50; Vv/v).
Then, the extract was filtered with Whatman
polytetrafluoroethylene (PTFE) 0.22 um syringe
filter, and the filtrate was injected into a HPLC
valve with 1 ml syringe. To obtain dried extracts,
the dried microalgae extracts after evaporation
were dissolved in 5 ml trichloromethane and
flushed with nitrogen in a dark room until dried
[13].

24 HPLC

A Waters® HPLC equipped with a Model 440
fixed-wavelength detector fitted with a 436-nm
wavelength kit at an attenuation of 0.02
absorbance units full scale (AUFS), a Waters’
Guard-Pak pre-column, and a stainless steel (30
cmx3.9 mm 1.0. 10-lim IIBonda-pak CUI
column) were used for the chromatographic
separation. Sample injection volumes (50 to 100
pL( were dispensed with a Rheodyne 7125
injector. A Water's 6000A solvent delivery
system was used to deliver the mobile phase
(acetonitrile-methanol-ethyl acetate, 88:10:2, v
Iv) at the rate of 2.0 ml/min. Peak areas were
quantitated with a Water’'s 730 Data Module
[26]. Hexane in the test solution was first
evaporated off on a water-bath with the aid of
nitrogen gas. The residue was immediately re-
dissolved in a suitable volume of the mobile
phase. After passing through an OAS5-I1m
regenerated cellulose membrane filter, suitable
volumes were chromatographed using the
conditions described above. Quantitation of the
carotenoids was carried out by comparing with
the reference standards. Peak areas of the sampl-
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es and standards used for calculation were based
on the mean values obtained from at least three
injections.

2.3 Statistical analysis

The experiments were done in triplicate. Data
are expressed as the meanstSD. Results were
analyzed by one-way ANOVA and Student’s t-
test at significance level of 5%. All analyses
performed using spss software version 16.

3. Results and Discussion
The amount of chlorophyll a, astaxanthin, beta
carotene, lycopene, zeaxanthin and lutein in
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spirulina was 4.3+0.14, 0.21+0.02, 7393+2.76,
741+£2.32, 6652+3.69, 424+2.83  pg/ml,
respectively.

Fig. 1 shows the separation of 4 standards in
chromatogram and fig. 2 presents the
chromatogram of extracted spirulina solvent in
methanol. Maximum absorption of UV-Vis in
carotenoids in dynamic phase (nm) and
concentration of carotenoids and Equation
adjustment in spirulina are shown in Tables 1
and 2, respectively.
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Figure 1. Chromatogram of a) lutein b) zeaxanthin c) lycopene and d) beta carotene
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Figure 2. Chromatogram of the sample extracted by methanol
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Table 1. Maximum absorption of UV-Vis in carotenoids in dynamic phase (nm) in spirulina powder

Carotenoid Amaxi(MM)  Amae(NM)  Amaxa(NM)
Beta carotene 425 455 484
Lycopene 448 474 505
Lutein 422 448 475
Zeaxanthin 425 454 480

Table 2. Concentration of carotenoids and Equation adjustment in spirulina powder

Carotenoid

(ng/g Dry weight)

Amount of pigment  Equation adjustment R? RSD Recovery

(%) (%)

Beta carotene 7393+2.76*
Lycopene 741+2.32
Lutein 424+3.69
Zeaxanthin 6652+2.83

y =2103.2x+68.4 0.997 0.45 90

y=1077.x+78.09 0.998 0.58 92

y =13110x +255.1 0.999 15 93

y=49459x +151 0.994 0.72 93

"Mean+CL (confidence limit 95%)
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Figure 3. Chromatogram of astaxanthin in spirulina powder

The carotenoid content in the extract
strongly depends on sample preparation and
extraction conditions, and the solvent
properties markedly favor the extraction of
carotenoids [27]. Spirulina organic extracts
showed that carotenoids and derived chlorophyll
were present as the main constituents, and their
quantity was changed significantly based on the
culture conditions [19].
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In this research, the amount of spirulina
chlorophyll a was 4.3 pg/ml, but it was 6.6-9.2
g/kg in Sethu’s study [28], and another study has
reported it as 1.35 (% DW) The chlorophyll
productivity depended on temperature variable in
an analog manner to what occurred for the total
chlorophyll [29]. Beta carotene account for 80%
of the carotenoids present in spirulina after that
zeaxanthin was most. At last, Spirulina was a
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good source for carotenoids as a pro-vitamin A
in organisms.

4. Conclusion

Scientists in India, China, Japan, USA and
other countries are working on this remarkable
food to unlock its potential. However, it is
already clear that this safe and natural food
provides concentrated nutritional support for
optimum  health and  wellness.  The
multifunctional role of spirulina species makes it
an ideal natural drug with immense prophylactic
and therapeutic properties variable.

Carotenoids are unique constituents of a
healthy diet and play an important role in the
network  of  antioxidant  vitamins and
phytochemicals. In  some  studies, the
concentration of beta carotene, astaxanthin,
luteine, zeaanthin and cryptoxanthin in Spirulina
platensis was reported as 39.12, 5.61, 0.30, 1.56
and 1.69 pg/g, respectively; however, in our
study, it was more than this. Astaxanthin has
been determined 0.21 (%DW) in India for
Spirulina platensis.This result is in agreement
with our study. In previous researches it was
achieved 6 and 7.9 g/kg for carotenoid and
chlorophyll, respectively in spirulina, but in our
study, it was less than this.
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