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Abstract

Blue-green microalgae are the source of many commercially important products such as protein, amino acids, fatty
acids, carotenoids and phycobiliproteins, and biotechnological studies on this issue has been profoundly increasing.
Arthrospira (Spirulina) platensis is the main source of cyanobacterial phycocyanin, used as a natural colorant that is
called as "Lina blue" in the commercial area. The purity ratio and quantity of phycocyanin may vary depending on the
processing method, also the purity of the phycocyanin is an important factor that determines its application area. Food-
grade phycocyanin is utilized safely as a natural dye in the food formulation without offering health risk. Many
conventional methods are used in several to obtain crude extracts of C-PC, such as freezing and thawing, sonication and
mechanical disruption. Also, for the purification stage high-speed centrifugation, precipitation with ammonium
sulphate, and ion-exchange chromatography methods are used. The aim of this study is to investigate the effects of a
modified and combined extraction and purification method, including precipitation, chilling and centrifugation, at
different centrifuge speeds, temperature and time on phycocyanin concentration to obtain a food grade phycocyanin
from Spirulina platensis. As a result, centrifugation at 25 °C was found the higher purity ratio, above 0.7.
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1. Introduction

Microalgae has recently attracted worldwide attention with its potential use in the food, feed, pharmaceutical, fertilizer,
fuel, pigment and aquaculture industries and the production of secondary metabolites such as vitamins, toxins,
enzymes. Blue-green microalgae are the source of many commercially important products such as protein, amino acids,
fatty acids, carotenoids and phycobiliproteins, and biotechnological studies on this issue has been profoundly
increasing.

The most important type of phycobiliprotein, which is found in high amounts in blue-green microalgae, is blue-coloured
phycocyanin. Phycocyanin can be found in protoplasm up to about 20 % of cell dry weight. Due to the predominance of
the green chlorophyll-a and blue-coloured phycocyanin pigment in the cell, the cells appear in characteristic blue green
colour.

Phycocyanin got this name because of its phycocyanobilin (FSB) chromophore. Considered as the prosthetic group of
the protein, phycocyanobilin exhibits a linear tetrapyrrole structure formed by four pyrrole rings. This structure forms
the phycocyanin structure (Fig.1) by binding to the cysteine amino acid from different regions. The chemical structure
of phycocyanobilin is similar to bilirubin, which is a bile pigment and has a strong radical removing effect in the cell,
and this finding supports that phycocyanobilin’s also have radical removing effects such as bilirubin [1,2].

COOH COOH

Figure 1 Chemical structure of phycocyanobilin

The main blue green microalgae responsible for the production of phycobiliprotein are Spirulina (Arthrospira) [3] and
Anabaena [4] species. The characteristics of the development conditions applied, especially nitrogen and carbon
sources, determine the phycobiliprotein content [5].

Bousibba and Richmond [6] stated that the phycocyanin serves as a storage nutrient in Spirulina. It is used as a
biochemical isotope in immune-related trials. Due to the fluorescent property of the pigment, pure phycocyanin is
profoundly utilised as fluorescent labelling reagents in microscopy and cytometry studies [7,8]. It has been also stated
that the phycocyanin generally supports the immune system and provides protection against various diseases due to
their antioxidant and anti-inflammatory properties [9,10]. Mainly in food industry, phycocyanin is preferred as a natural
food colorant because of its colour of bright blue to indigo blue [11] despite its un-stability to heat.

Today, the main problem in the extraction and purification of phycocyanin is seen as low yield and purity. Many
conventional methods are used in several to obtain crude extracts of C-PC, such as freezing and thawing, sonication and
mechanical disruption [6,12-14]. Also, methods for the extraction stage are include nitrogen cavitation for algal-cell
disruption [15,16], acidic extraction [17] and high-pressure extraction [18]. For the purification stage high-speed
centrifugation, precipitation with ammonium sulphate, and ion-exchange chromatography methods are used. Each
method has its advantages and disadvantages. Despite all these studies, the problems of extraction and purification
processes such as the long-time, expensive, not being able to work in large volumes and low purity rate keeps remain.
From this point of view, it is of great scientific and commercial importance to obtain effective and efficient phycocyanin
from blue-green microalgae.

Hence, the aim of this study is to investigate the effects of a modified and combined extraction and purification method,
including precipitation, chilling and centrifugation, at different centrifuge speeds, temperature and time on phycocyanin
concentration and purity from Arthrospira (Spirulina) platensis.
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2. Material and methods

2.1. Materials

All analytical grade chemicals were purchased from Merck. Arthrospira (Spirulina) platensis, in Schéssler medium, were
cultivated in a 2 L photobioreactor under conditions of 25 + 2 °C, 150 pmol photon m-2 s'1, for 20-day cultivation, at the
Food Biochemistry and Biotechnology Laboratory, Yalova University.

The culture in the growing logarithm phase was taken from the photobioreactor and treated with ammonium citrate to
obtain pH 7. Biomass yield of the culture was determined as 0.58 g L-1 and the added buffer ammonium citrate ratio was
maintained as 1:1 (solid: liquid, g: L). Then the homogenized mixture was kept in refrigerator conditions (5 °C)
overnight. Chilled mixture was separated in 50 mL centrifugate tubes for a 40 mL volume and then treated at different
centrifugation speed and time.

2.2. Analysis

Phycobiliproteins (phycocyanin and allophycocyanin) were determined using Egs. (1) and (2) [19], phycocyanin purity
was evaluated using Eq. (3) and phycocyanin / allophycocyanin separation factor using Eq. (4). Absorbance values were
corrected by subtracting the absorbance at 750 nm [20].

Ap15—0.474 X Ags

[PC] = <22 (1)
 Ag52—0208x Agys

[APC] = 5.09 (2)
. Ae15

Purity = . (3)
280

Separation Factor = 26—15 (4)

652

As1s, Ass2 and Azgo are the absorbance for phycocyanin absorption at 615 nm, allophycocyanin absorption for 652 nm
and for whole protein content absorbance at 280 nm. All spectrophotometric measurements were performed with a
Schimadzu 1280 (Kyoto, Japan) UV-VIS spectrophotometer (+0.001 units of absorbance, 10 mm light path)

2.3. Design of experiment

According to the Taguchi method, the L9 standard orthogonal array (Table 1) of Taguchi for three different parameters

used and three different levels of each parameter (Table 2) and this design requires 9 experimental studies.

Table 1 Experimental design matrix according to the Taguchi’s design approach

Factor Name Minimum  Maximum Coded Low Coded High
A Temperature (°C) 5 25 -1o5 +1 e 15

B Centr. Time (min) 5 25 -1e5 +1 e 25

C Centr. Speed (rpm) 3000 8000 -1 & 3000 +1 & 8000

The objective in this study was to find the optimum extraction conditions for phycocyanin concentration (C-PC) and
phycocyanin purity ratio, the experimental data (yi) were converted to a signal-to- noise (S/N) ratio, so the “larger is
the better” function was used to calculate S/N ratio using the following Eq. 5;

5z
% = —logy (@) (5)

“w:n
1

where yi is the “i"th quality parameter and “n” is the number of trials. The expected values of observations (Yopt), i.e.,
the phycocyanin concentration and the purity ratio, were calculated using the following Eq. 6;
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Yopt =T+ Z(E - T) (6)

where T and Fi are the grand averages of the S/N ratios and the factor averages at each factor level, respectively. The
main effect was the difference between the maximum and minimum values of the factor averages at each factor level,
while the percent main effect of each factor was calculated as the percentage of its main effect divided by the sum of the
main effects of all the factors.

Table 2 Experimental design matrix with actual and coded values

Actual values Coded values
Run Temperature  Centrifugation Centrifugation Speed A B c
Order (°C) Time (min) (rpm)

1 25 15 3000 3 2 1
2 25 5 8000 3 1 3
3 5 25 8000 1 3 3
4 15 15 8000 2 2 3
5 5 15 5000 1 2 2
6 25 25 5000 3 3 2
7 15 25 3000 2 3 1
8 15 5 5000 2 1 2
9 5 5 3000 1 1 1

3. Results and discussion

3.1. Taguchi’s approach results

One of the most important process to obtain phycocyanin from microalgae is optimizing the extraction and purification
steps. Many techniques can be used to extract and purify the phycobiliproteins, but unfortunately, the techniques or the
procedures may be varied from one organism to another organism. The release of C-phycocyanin is directly related to
cell rupture, but small algae such as Spirulina have resistant multi-layered cell walls, making the extraction procedure
difficult.

Table 3 Results of experiments according to Taguchi orthogonal design and S/N ratios

St Run Mean value of S/N ratio of Mean value of S/N ratio of
Order Order B C Phycocyanin Purity Phycocyanin Purity C-PC (g/L) C-PC (g/L)
1 9 5 5 3000 0.7007 3.08936 0.2064 19.7517

2 5 5 15 5000 0.6446 3.81419 0.1922 20.3818

3 3 5 25 8000 04521 6.89531 0.1625 21.7662

4 8 15 5 5000 0.7795 2.16368 0.2041 19.8365

5 4 15 15 8000 0.5701 4.88098 0.1878 20.5467

6 7 15 25 3000 0.5586 5.05798 0.1991 20.0698

7 2 25 5 8000 0.7236 2.81003 0.2131 19.7096

8 1 25 15 3000 0.6929 3.18659 0.2222 19.0001

9 6 25 25 5000 0.7209 2.84250 0.2181 19.3155
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In the presented study, Arthrospira (Spirulina) platensis was cultivated for 20 days with an initial OD at 680 nm as 0.30
and the final OD as 1.073. Then the culture was taken from the bioreactor at the stationary phase, which biomass yield
was calculated as 0.58 g.L-1. Phycocyanin yield was also obtained between 38.31 mg.g! (run 1) and 28.02 mg.g! (run
3).

The results obtained from the parameters designed according to the Taguchi method are converted to the signal / noise
(S / N) ratio and are expressed in decibels (dB). The signal value represents the actual value given by the system and
desired to be measured, and the noise factor represents the share of undesired factors within the measured value. S / N
ratio; smaller is better, larger is better and nominal is better, calculated with different formulas according to target
value. Whichever S / N ratio formula is used, the value with the largest S / N ratio among the factor levels in the
experimental design is the value that provides the best performance. According to Taguchi experiment design, the
experiment configuration determined using the L9 orthogonal index, the mean value for each experiment and the S / N
ratio calculated according to “larger is better” were given in Table 3. As shown in table, the higher PP was obtained at
(run 8) 15 °C, 5 min and at 5000 rpm as 0.7795 and also, the higher C-PC was obtained as 0.2222 mg.L1culture at (run
1) 25 °C, 12 min. and 3000 rpm.

The level of the greatest values of the parameters (Table 4) indicates the test result corresponding to the best level of
that parameter. These calculated values were shown graphically in Figure 2 for each parameter. As a result, the values
with the highest S / N ratios are shown in the circle, giving the optimum design. These optimum parameters were
designated as AsB1C: for C-PC and AsB1Cz for PP.
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Figure 2 Main effects graphics for S/N ratio a) of PP, b) of C-PC

Table 4 Response Table for Signal to Noise Ratios

Level Temperature Centrifugation Time (min) Centrifugation Speed (rpm)
Purity

1 4.600 2.688 3.778
2 4.034 3.961 2.940
3 2.946 4.932 4.862
Delta 1.653 2.244 1.922
Rank 3 1 2
C-PC

1 -14.60 -13.65 -13.60
2 -14.12 -13.97 -13.79
3 -13.25 -14.34 -14.58
Delta 1.36 0.69 0.99
Rank 1 3 2

Larger is better

10
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3.2. ANOVA Analysis

In order to test the statistical reliability of the results obtained and to determine how much variation was contributed
by each factor, variance analysis (ANOVA) was made using the Minitab 19 program using the S/N ratios responses. As
seen in Table 5 C-PC is highly affected by temperature and centrifugation speed (Contribution ratio is 0.5440) while the
purity ratio was contributed with all parameters. Temperature and centrifugation speed parameters were found
statistically significant for both PP and C-PC.

Table 5 ANOVA of factors affecting PP and C-PC

Source DF Contribution F-Value P-Value
Phycocyanin Purity
Temperature 2 23.81% 125.27 0.000*
Time (min) 2 44.14% 232.27 0.000"
Centrifugation Speed 2 31.00% 163.12 0.000"
Error 11 1.05%
Lack-of-Fit 2 1.01% 150.14 0.000
Pure Error 9 0.03%
Total 17 100.00%
R2 R? (adj)

Model Summary 98.95% 98.38%

Phycocyanin Concentration

Temperature 2 54.40 % 54.20 0.001"
Time (min) 2 11.82% 11.78 0.002*
Centrifugation Speed 2 28.26 % 28.16 0.001"
Error 11 552%
Lack-of-Fit 2 3.51% 7.84 0.011
Pure Error 9 2.01%
Total 17 100.00 %
Model Summary R2 R2 (adj)

94.48 % 91.47 %

3.3. Process Validation

Confirmation testing is a necessary requirement of the Taguchi method. Confirmation tests were both conducted for C-
PC and PP using the optimum settings of the process parameters, as A3B1C: and A3B1Cz. The confirmation test results
for the set of optimization conditions (Table 6) revealed a comparable predicted value with confirmation of the
phycocyanin concentration (C-PC) and the phycocyanin purity (PP). As seen from the results (Table 6) for the prediction,
C-PC and PP results were found closely to the observations.

Table 6 Predicted and experimental values of optimum parameters by Taguchi’s design

Optimum Predicted Values Experimental Values
Designs C-PC PP C-PC PP

A3B1C1 0.2372 0.8157 0.2305 0.7872
A3B1C2 0.2327 0.8798 0.2284 0.8294

11
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Many researches have been reported that the phycocyanin extraction from biomass showed freezing and thawing was
considered to be best when compare with other methods studied by Sarada et al. [17] and Acker & McGann [21]. Walter
et al. [22] studied different light intensity with different filters (red-blue-yellow).After sodium phosphate buffer
treatment with several freeze-thaw steps, 0.237 mg.mL and 0.8 purity ratio was observed. In recent years, some papers
reporting the C-phycocyanin extraction from wet biomass were published [3,23-25]. Moraes et al [26] extracted
phycocyanin from wet Spirulina biomass and used different extraction methods and obtained an extraction yield of
43.75 mg.g! and a C-phycocyanin concentration of 0.21 mg.mL1. These results were similar to presented work findings,
also in this study Spirulina biomass was only treated with sodium citrate buffer and then centrifugation step was
performed.

Compared to previous studies, it was observed that the centrifugation procedure after citrate buffer treatment is
sufficient for the food grade phycocyanin. Other purification techniques based on chromatography, for example, can
provide a higher degree of purity, if needed, but for the presented extraction procedure there is no need for an extra
purification step for the usage in food industry.

4., Conclusion

The presented work hypothesised optimum cultivation of Arthrospira platensis, in a 2 L photobioreactor under
conditions of 25 + 2 °C, 150 pumol photon m2 s'1 for 20-day cultivation, and a minimal extraction treatment of the un-
harvested culture could be reached a food grade phycocyanin with an acceptable phycocyanin concentration. To prove
the hypothesis the Taguchi’s approach was used. Taguchi method is a high-quality tool for the optimization of
biotechnological processes involving microorganism. In this study, the influence of the extraction parameters on
phycocyanin from Arthrospira platensis could be tested with only 9 runs with the consequent saving time and cost. The
optimal conditions for phycocyanin purity (PP) and phycocyanin concentration (C-PC) were obtained as 25 °C, 5
minutes and 5000 rpm.
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