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Abstract

The blue-green alga Spirulina platensis is a source of
phycocyanin pigment which has highly commercial uses in food
colorant, cosmetic and pharmaceutical industries. This paper
describes the isolation and extraction of phycocyanin from
Spirulina platensis using an alkaline buffer and different drying
methods under indoor and outdoor conditions.

Spirulina platensis was cultivated in an open outdoor photo-
bioreactor and in two glass aquarium (10 L) with Zarrouk's
medium using different sources of nitrogen. The results showed
that ; the highest mass production and purity ratio of phycocyanin
and the lowest percentage of phycocyanin loss were conducted
under outdoor condition in large scale low-cost photo-bioreactor
and the fresh biomass was the best for large amount of
phycocyanin (0.097 g/L) with the highest purity ratio (1.06) and
the loss percentage of (3%). In addition, there was a low-cost
synthetic medium by using urea as commercial fertilizer instead of
analytical grade sodium nitrate as nitrogen source in Zarrouk's
medium and commercial grade sodium bicarbonate instead of
analytical grade. This high amount of phycocyanin with high
purity and low-cost can be used in food, cosmetic and
pharmaceutical industries.

Keywords: Phycocyanin; Spirulina platensis; blue-green algae; drying methods;
purity ratio.

INTRODUCTION

Spirulina platensis is a blue-green microalga, it represents the most
important commercial microalga for the production of biomass as health
food (Vonshak and Tomaselli; 2000 ). It can produce large quantities of
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high value products such as phycobiliproteins (Chen and Zhang, 19997).
Phycocyanin is an accessory photosynthetic pigment of the
phycobiliprotein in Spirulina and may reach 20% of the dry weight of
Spirulina (Vonshak, 1997). Phycocyanin is a natural blue colorant in
food industries replacing the toxic synthetic pigments (Leema et al.
2010). It is used also in cosmetics (Sarada et al., 1999).Recently it has
been observed that phycocyanin used in pharmaceutical industries
(Reddy et al., 2003).

Several factors can effect on the amount of phycocyanin and its
purity ratio. The drying methods, culture media and culture conditions all
play important roles in the yield of phycocyanin and its purity ratio
(Ratana et al., 2011). The cost of phycocyanin products varies widely and
depends on the purity ratio (Ratana et al., 2011).The medium is also
important for the cost involved in mass production of Spirulina (Raoof
et al., 2006). This study investigated the effect of raw material quality
through different methods of drying and medium composition, on the
yield and purity ratio of phycocyanin under indoor and outdoor
conditions, in terms of low-cost production.

MATERIAL AND METHODS
Culture conditions of Spirulina platensis.
(A) Indoor mass culture.

The culture experiments were carried out in two glass aquarium;
each containing 10 L Zarrouk's Spirulina medium (Zarrouk, 1966). The
first (no. one) has 2.5 (g/L) NaNos; (Analytical grade). While, the second
(no. two) contains 2.5 (g/L) K;NOj3 as nitrogen source. The pH was 9,
and temperature was 25-30C°. Stirring by glass road was done once a day
in the aquarium. The alga was harvested from medium solution by
plankton cloth mesh, 20 diameter.
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(B) Outdoor mass culture.

Using commercial synthetic medium in which the urea add as nitrogen
source instead of nitrate and using commercial grade sodium bicarbonate
instead of analytical grade, for low-cost mass production of Spirulina, in
a large scale with constant aeration, pH was 9 and the temperature was
30-35C° during the end of the summer.

Extraction and spectroscopic measurement of phycocyanin.

Samples from fresh, freeze dried, sun dried and oven dried Spirulina
platensis were subjected to extraction process. 0.1 g Dry weight of
Spirulina platensis was suspended into 10 ml of 0.15 M phosphate
buffer (pH=7.0), leaved at 4 C° for 24 h. The cells residue of Spirulina
platensis samples were removed by centrifugation at 13.000 rpm for 15
min. The supernatant of each sample (in blue color) was obtained.and the
absorbance was measured at wave lengths 615 and 652 nm.The
phycocyanin concentration was calculated according to Equation (1)
(Patel et al., 2005).
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Where PC is the phycocyanin concentration (g/L)
ODeg;s is the optical density of the sample at 615 nm
ODsgs; is the optical density of the sample at 652 nm

Phycocyanin purity ratio.

The purity ratio of the phycocyanin extract was determined
spectrophotometrically by the Agis/Asg ratio (Abalde at al., 1998).
Absorbance at 615 nm indicates the phycocyanin concentration, while
that at 280 nm is due to the total concentration of proteins in the solution
(Liu et al., 2005). So, the purity of phycocyanin was calculated according
to Eqgation (2).
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Where, P is the purity ratio of the phycocyanin extract.
ODeg;s is the optical density of the sample at 615 nm,

OD.g is the optical density of the sample at 280 nm.
The percentage loss of phycocyanin.

The percentage of phycocyanin loss for each sample was calculated
from the relation between the amount of phycocyanin with different
drying methods and its amount in fresh biomass.

RESULTS AND DISCUSSION

Effect of raw material on the production and purity of phycocyanin
under indoor condition (1).

The present investigation aimed to exploit the high phycocyanin
content of Spirulina platensis for using in food, cosmetic and
pharmaceutical industries with low-cost mass production of spirulina.
The results indicated that, only 4% loss of phycocyanin was observed in
freeze dried biomass and 14% loss in sun dried biomass whereas around
57% loss was observed in oven dried biomass (Table 1). Similar studies
conducted by Sarada et al. (1999) reported that oven drying, resulted in
an approximately 50% loss of phycocyanin. Also Oliveira et al. (2009);
Desmorieux and Hernandez, (2004) reported that drying methods for
Spirulina resulted in an approximately 50% loss of phycocyanin.
However, Doke (2005) reported that Spirulina biomass, when dried at 25
C° under shading with air-circulation, showed 5-7 % loss of phycocyanin.
Oliveira et al. (2009) also reported that Spirulina dried at 60 C° showed
an approximately 21% loss of phycocyanin as compared with the value of
phycocyanin in fresh Spirulina. The highest phycocyanin content (0.073
g/L) was observed when fresh biomass was used as raw material. The
amount of phycocyanin from freeze and sun dried biomass were 0.07 and
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0.063 g/L, respectively. While oven dried biomass, contains the lowest
amount of phycocyanin (Table 1, Fig. 1).
Table 1. Drying conditions in fresh and dried Spirulina biomass, Purity

ratio, amount and loss (%) of phycocyanin under indoor
conditions (1).

Drying Phycocyanin in Purity ratio of The (%)loss of
methods crude extract (g/L) crude extract phycocyanin
Fresh 0.073 0.78 0%
Freeze dried 0.07 0.75 4%
Sun dried 0.063 0.73 14%
Oven dried 0.031 0.51 57%

The highest purity ratio of crude extract was approximately 0.78,
which was observed when fresh biomass was used as raw material. For
dried biomass, the purity ratio of phycocyanin from freeze dried and sun
dried biomass were 0.75 and 0.73 respectively. Oven dried biomass
showed the lowest purity 0.19 (Table 1, Fig. 2). So the use of fresh
biomass was the best for production of phycocyanin. Similar studies
conducted by Ratana et al., (2011) reported that, the use of fresh biomass
was considered suitable for the extraction of phycocyanin on the basis of
purity, phycocyanin content and operating cost for drying.

Effect of raw material on the production and purity of phycocyanin
under indoor condition (2).

There is no big difference between the results when using K;NO3
as nitrogen source instead of NaNog. The results indicated that, only 6%
loss of phycocyanin was observed in freez dried biomass and 17% loss in
sun dried biomass whereas around 55% loss in oven dried biomass (Table
2, Fig. 3). The highest purity ratio and crude phycocyanin were 0.72 and
0.066 g/L respectively(Table 2, Fig. 1&2). The purity ratio and amount of
phycocyanin from freeze and sun dried biomass were 0.7, 0.6 and 0.062,
0.055 g/L respectively. Oven dried biomass showed the lowest purity
0.39 and the lowest amount of phycocyanin 0.03 g/L (Table 2, Fig. 1&2).
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This data agree with Sarada et al., (1999) who reported that drying of
Spirulina using cross-flow drying, spray drying and oven drying, resulted
in an approximately 50% loss of phycocyanin. As the result, using fresh
biomass was the best for phycocyanin production.

Table 2. Drying conditions in fresh and dried Spirulina biomass, Purity
ratio, amount and loss (%) of phycocyanin under indoor
conditions (2).

Drying Phycocyanin in Purity ratio of The (%) loss of
methods crude extract (g/L) crude extract phycocyanin
Fresh 0.066 0.72 0%
Freeze dried 0.062 0.7 6%
Sun dried 0.055 0.61 17%
Oven dried 0.03 0.39 55%

Effect of raw material on the production and purity of phycocyanin
under outdoor condition.

The highest purity and phycocyanin were recorded at fresh biomass
under outdoor condition. They were 1.06 and 0.097 g/L respectively
(Table 3, Fig. 1&2). While the lowest purity and phycocyanin were 0.46
and 0.043 g/L respectively, which recorded at oven dried biomass (Table
3 and Fig. 1&2). This agree with, Ratana et al., (2011) who found that the
highest purity ratio was 1.04, which was observed when fresh biomass
was used as raw material. While the lowest purity and phycocyanin were
recorded at oven dried biomass. Only 3% loss of phycocyanin was
observed in freeze dried biomass where as 18% and 56% loss were
observed in sun and oven dried biomass respectively (Table 3 and Fig. 3).
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Table 3. Drying conditions in fresh and dried Spirulina biomass, Purity
ratio, amount and loss (%) of phycocyanin under outdoor

conditions.
Drying Phycocyanin in Purity ratio of The (%) loss of
methods crude extract (g/L) crude extract phycocyanin
Fresh 0.097 1.06 0%
Freeze dried 0.094 1.03 3%
Sun dried 0.079 0.78 18%
Oven dried 0.043 0.46 56%

So, the use of fresh biomass was suitable for commercial
production of phycocyanin specially under outdoor condition in large
scale production of Spirulina platensis, in which using commercial
Zarrouk medium with urea as a nitrogen source instead of nitrate, on the
basis of saving in the operating cost of Spirulina platensis production.
Thus the use of fresh outdoor biomass was considered suitable for the
extraction of phycocyanin on the basis of purity ratio, phycocyanin
amount and operating cost for the production.

Fig.1
The relationship between the different drying methods and the
phycocyanin con. ( g/L) under indoor 1 (a), indoor 2 (b) and outdoor
(c) conditions respectively.
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Fig.2
The relationship between the different drying methods and the purity
ratio under indoor 1 (a), indoor 2 (b) and outdoor (c) conditions

respectively.
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Fig.3
The relationship between the different drying methods and the loss (%)
of phycocyanin under indoor 1 (a), indoor 2 (b) and outdoor (c)
conditions respectively.
e
5
1 . g
=
o
oy
L | v ©
S
=
j=9
o
[ | ». ©
2
K]

=l |

Fresh Freeze dried Sundried Ovendried

Drying methods




Abeer M. A. Mahmoud 152

CONCLUSION

This work aimed to describe, a suitable method for the mass
production of phycocyanin from blue-green alga Spirulina platensis. The
highest mass production and purity ratio of phycocyanin and the lowest
percentage of phycocyanin loss were conducted under outdoor condition
in large scale low-cost photo-bioreactor and the fresh biomass was the
best for large amount of phycocyanin (0.097 g/L) with the highest purity
ratio ( 1.06 ) and the loss percentage of (3%). In addition, there was a
low-cost synthetic medium by using urea as commercial fertilizer instead
of analytical grade sodium nitrate as nitrogen source in Zarrouk's medium
and commercial grade sodium bicarbonate instead of analytical grade.
This high amount of phycocyanin with high purity and low-cost can be
used in food, cosmetic and pharmaceutical industries.

ACKNOWLEDGEMENT

This research was supported by Prof. Dr. Ola Ezz El-din Taha, Prof.
of phycology, National Institute of Oceanography & Fisheries.

REFERENCES

Abalde, J.; L. Betancourt; E. Torres; A. Cid and C. Barwell, 1998.
Purification and characterization of phycocyanin from the marine
cyanobacterium Syechococcus.

Chen, F. and Y.M. Zhang, 1997. High cell density mixotrophic culture of
Spirulina platensis on glucose for phycocyanin production using a
fed-batch system. Enzyme Microb. Technol., 20 (3): 221-224.

Desmorieux, H. and F. Hernandez, 2004. Biochemical and physical
criteria of spirulina after different drying processes. In:
Proceedings of the 14™ International Drying Symposium (IDS), B,
PP. 900-907.



153 Separation And Purification Of Phycocyanin
From Spirulina Platensis Using ......

Doke, J.M., 2005. An improved and efficient method for the extraction of
phycocyanin from Spirulina sp., Int. J. Food Eng., 1 (5): 1-13.

Leema,J.T.M.; R. Kirubagaran; N.V. Vinithkumar; P.S. Dheenan and S.
Karthikayulu, 2010. High value pigment production from
Arthrospira (Spirulina) platensis cultured in seawater. Bioresour.
Technol., 101 (23): 9221-9227.

Liu, L.N.; X.L. Chen; X.Y. Zhang; Y.Z. Zhang and B.C. Zhou, 2005.
One step chromatography method for efficient separation and
purification of R-phycoerythrin from Polysiphonia urceolata. J.
Biotechnol., 116: 91-100.

Oliveira, E.G.; G.S. Rosa; M.A. Moraes and L.A.A Pinto, 2009.
Characterization of thin layer drying of Spirulina platensis utilizing
perpendicular air flow. Bioresour. Technol., 100: 1297-1303.

Patel, A.; S. Mishra; R. Pawar and P.K. Ghosh, 2005. Purification and
characterization of c-phycocyanin from cyanobacterial species of
marine and freshwater habitat. Protein Expression Purif., 40: 248-
255.

Rroof, B.; B.D. Kaushik and R. Prasanna, 2006. Formulation of a low-
cost medium for mass production of Spirulina. Biomass Bioenergy,
30 (6): 537-542.

Ratana, C.; C. Nattayaporn; L. Veara; T. Suvit and B. Boosya, 2011.
Separation and purification of phycocyanin from Spirulina sp using
a membrane process. Bioresource Technology, 102: 7159-7164.

Reddy, M.C.; J. Subhashini; S.V.K. Mahipal; V.B. Bhat; P.S. Reddy; G.
Kiranmai; K.M. Madyastha and P. Reddanna, 2003. C-
Phycocyanin, a selective cyclooxygenase-2 inhibitor, induces
apoptosis  in  lipopolysaccharide-stimulated RAW  264.7
macrophages. Biochem. Biophys. Res. Commun., 304, 385-392.



Abeer M. A. Mahmoud 154

Sarada, R.; M.G. Pillai and G.A. Ravishankar, 1999. Phycocyanin from
Spirulina sp; influence of processing of biomass on phycocyanin
yield, analysis of efficacy of extraction methods and stability
studies on phycocyanin. Process Biochem., 34 (8): 795-801.

Vonshak, A., 1997. Spirulina platensis (Arthrospira); Physiology, Cell-
biology and Biotechnology. Taylor & Francis. London.

Vonshak, A. and L. Tomaselli, 2000. Arthrospira (Spirulina):
Systematics and ecophysiology. In: Whitton BA, Potts M, editors.
The ecology of cyanobacteria. The Nether Lands: Kluwer
Academic Publishers, P. 505-22.

Zarrouk, C., 1966. Contribution a' Letude d' une cyanophycee'. Influence
de divers facteurs physiques et chimiques sur la croissance et al
photosynthese de Spirulina maxima .Ph.D. Thesis, Paris.



155 Separation And Purification Of Phycocyanin
From Spirulina Platensis Using ......

(3 PRIl (ueidly Ll paec¥) il (e Cbonssall) Aty 36
dald g dplare Cigpb ciad Cadaill 48lid
dgada daa) dada s
cvladly ylad aplel o5l dgzall
) padlel
gl Duas sy 485 ehadll Qlladall e Bl g pul) Glade ey

Jraxill Clpimatiosns 4381 (sl Jlae 8 doady 4plad cilalasinl 4l 53 Gl Sl
oY) el

plaainly Gty Lalg pan) (e Gl Sl padlalialy Jie Gl 138 Caagi)
B Ll gl & a8 LAs)lay desddl Jaly Cadaill adling @yhy g8 Jile
Ty paiiil () ) glay cmmsn b dendl Jal3y S i) G b danal
Jaly 5l A ey il o) o) mlall casagly . cpmg yil] ddlise obias aa (35
st o (Janall mHld) Lmla Cag ks Cand ot (g CilS (il Sl 8 8 s
pssall Gl e Ya el Lysl) slew aladiuly A L g)lat aus sl
() by (b el e Yoy ()l agseall @lisn s cpmg il juasS el
A % T ) ee T sl A b€ aa +or AV sl all culs,
o leelanin) (S J8Y) LadlSis dllall Leglany (Cpilu oSl (e ABiLel) dpasl) 3205
sy dsanill Gl pmniose delia s 4813 Gleliall Jla



