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Abstract. Spirulina platensis, a blue-green algae abundant in tropical regions, is rich in minerals, 

vitamins, fibers, and pigments, with low nucleic acid content. It has unique chromoproteins 

called phycobiliproteins, notably phycocyanin, used in various applications. This study aims to 

optimize phycocyanin extraction using different solvents (distilled water and sodium phosphate 

buffer pH 6.7) and methods (freeze-thaw and sonication). Spirulina platensis biomass was 

extracted in both solvents, then some of them was freeze for 24 and 48 hours followed by thawing 

overnight. The other was sonicated for 2.5 minutes, 50 Hz then soaked for 1, 2, and 3 hours. All 

of the samples were centrifuged at 6000 rpm for 10 minutes and the absorbance was measured 

using a UV-Vis spectrophotometer at wavelengths of 280, 620, and 650 nm. with freeze-thawing 

for 48 hours yielded the highest phycocyanin concentration (0.55%), with a yield of 11.07 and 

purity of 0.21. Sonication improved phycocyanin concentration, yield, and purity significantly, 

yielding 1.108, 25.85, and 0.26, respectively.  
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1. Introduction 
Blue-green algae (cyanobacteria) are among the most primitive life forms on Earth. Their 

cellular structure is a simple prokaryote. They share features with plants, as they have the ability 
to perform photosynthesis [1]. These algae use solar energy, carbon dioxide, and minerals within 
the water to grow, and their growth rate is very high. Additionally, microalgae can produce 
various products by photosynthesis during their growth. Spirulina platensis contains a relatively 
low nucleic acid content; is composed of 55%–70% protein, 6%–9% fat, and 15%–20% 
carbohydrate, and is rich in minerals, vitamins, fibers, and pigments. It has many unique 
chromoproteins known as phycobiliproteins. In some countries, phycobiliprotein, a fluorescent 
chromoprotein, has been used as an additive in foods, cosmetic products, and medical diagnostic 
reagents [1]. 

Phycocyanin converted into chemical energy that can be used directly by living cells. Different 
from higher plants and green algae, major light-harvesting antennae in cyanobacteria and red 
algae are a large multisubunit protein complex called phycobilisome (PBS). PBPs can be 
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classified into four types according to their spectral properties: phycoerythrin (PE), phycocyanin 
(PC), allophycocyanin (APC), and phycoerythrocyanin (PEC) [2]. C-phycocyanin (C-PC) and 
allophycocyanin (APC) approximately at a ratio of 10:1[3]. 

The application of phycocyanin by utilizing its biological activity, especially as an antioxidant 
compound, has been widely applied, both in the fields of nutraceutics, cosmeceutic, and 
pharmaceuticals. Phycocyanin has a wide range of biological activities including anticancer, 
antidiabetic, antimelanogenic, anti-inflammatory, and antioxidant [4] as fluorescent markers [5]. 

Although several methods have been developed for the separation and purification of these 
phycobiliproteins, they are either more tedious or time consuming. The major drawback of almost 
all these methods is the large number of steps involved, and it is known that higher the number of 
steps higher is the loss of product yield. Furthermore, the scale-up of these methods is very 
difficult and also expensive. Freeze thawing and maceration is one of the potential purification 
techniques of downstream processing. It is a better alternative to existing methods especially in 
the early processing stages, with regard to scale of operation, low processing time, enrichment of 
the product and continuous operation for the separation and purification of desired 
enzymes/proteins from a complex mixture. 

The primary objective of this study is to develop a simple and efficient method for extracting 
phycocyanin from Spirulina platensis. This study explores the optimization of phycocyanin 
extraction using different solvents (distilled water and sodium phosphate buffer pH 6.7) and 
methods (freeze-thaw and sonication). The novel approach presented in this study aims to 
improve extraction efficiency and product quality, which is crucial for expanding the applications 
of phycocyanin in various industries. By employing innovative techniques and solvents, this 
research seeks to enhance the extraction process, making it more feasible and effective for large-
scale applications. 

 
2. Methods 

The dry mass of Spirulina platensis used as the sample was procured from PT. ALBITEC, 
Semarang, Central Java, Indonesia. Extraction processes were performed using three different 
methods: sonication, freeze-thaw, and maceration. For all methods, a sample-to-solvent ratio of 
1:20 was applied with two types of solvents: distilled water (aquadest) and 0.1 M sodium 
phosphate buffer (pH 6.7). 

The sonication process was optimized with minor modifications. Ultrasonication was 
conducted at an amplitude of 50%, with 10 seconds on and 10 seconds off cycles for a total of 2.5 
minutes. The samples were then soaked for 1 hour, 2 hours, and 3 hours, respectively, and 
subsequently centrifuged at 4000 rpm for 10 minutes. 

For the freeze-thaw method, Spirulina was initially mixed with water and sodium phosphate 
buffer solution at 1000 rpm for 10 minutes. The mixture was then placed in a deep freezer 
overnight. The frozen samples were allowed to thaw at room temperature for 24 hours and 48 
hours before being centrifuged at 4000 rpm for 10 minutes. 

The maceration process was carried out similarly to the freeze-thaw method, except that the 
prepared samples were kept at room temperature for 24 hours and 48 hours instead of being 
frozen. 

The absorbance of the prepared solutions was measured using UV-Vis spectrophotometry at 
wavelengths of 280 nm, 620 nm, and 650 nm. Yield and purity were calculated using the 
following equations: 

𝑃ℎ𝑦𝑐𝑜𝑐𝑦𝑎𝑛𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
mg

mL
) =  

𝐴620−0,474×𝐴650

5.34
, (1) 

𝑃ℎ𝑦𝑐𝑜𝑐𝑦𝑎𝑛𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 =

 
𝑃ℎ𝑦𝑐𝑜𝑐𝑦𝑎𝑛𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (

𝑚𝑔

𝑚𝑙
)×𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑠 (𝑚𝑙)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑡 (𝑚𝑔)
× 100%, 

(2) 
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Phycocyanin purity =
𝐴620

𝐴280
 (3) 

Notation: 

0.474 = Chlorophyll’s Reduction Factor (Photosynthetic Pigment of Spirulina) 

5.34   = Molar Absorption Coefficient Conversion Factor for Phycocyanin 

A280 = Absorbance at 280 nm 

A620 = Absorbance at 620 nm 

A650 = Absorbance at 650 nm 

 

3. Results and Discussion 

Figure 1. Phycocyanin obtained from maceration using (A) sodium phosphate buffer, 

(B) distilled-water. 

In this research, dry mass spirulina was obtained from PT. ALBITECH. There are enormous 
benefits from spirulina that has been continuously explored. Therefore, it is meaningful to develop 
the most effective and efficient method for the spirulina extraction, mainly phycocyanin, one of 
phycobiliproteins in spirulina. Based on that, this study has been focused to find the best polar 
solvent that can be used for obtaining the optimum phycocyanin. Distilled water and sodium 
phosphate buffer pH 6.7 were used in this study. Figure 1 shows the Phycocyanin extracted from 
Spirulina platensis by maceration using two different solvents; sodium phosphate buffer and 
distilled-water. Visually, both sodium phosphate buffer and distilled-water have the similar blue 
pigment color density and viscosity. However, it is not the case for the yield and purity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1.1. Phycocyanin yield 
1.2. Phycocyanin purity 
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Figure 2. (2.1) Phycocyanin yield, (2.2) Phycocyanin purity, obtained from 

maceration method with (A1) destilled-water for 1 h, (A2) destilled-water for 2 

h, (A3) destilled-water for 3 h, (B1) sodium phosphate buffer for 1 h, (B2) 

sodium phosphate buffer for 2 h, (B3) sodium phosphate buffer for 3 h. 

Figure 2 shows the result of solvent optimation. The maceration method using distilled-water 
shows the highest phycocyanin yield of 15.95 (A3), while sodium phosphate buffer has the 
highest phycocyanin yield of 25.85 (B2). The highest phycocyanin purity from distilled-water 
maceration is 0.23 (A3), while sodium phosphate buffer gives the highest purity of 0.26 (B2). 
These results show higher concentrations compared to those reported by Wulandari et al. (2016), 
who extracted Spirulina using phosphate buffer with a freeze-thaw method for 72 hours and 
obtained a concentration of 8 mg/mL, and Gustiningtyas (2020), who used ultrasonic extraction 
with phosphate buffer and achieved a concentration of 1.25 mg/mL. Compared to previous 
studies, the phycocyanin purity index in this research is lower than the values reported by Ridlo 
et al. (2015), who achieved a purity index of 1.61 using ultrasonic extraction with phosphate 
buffer, and Gustiningtyas (2020), who reported a purity index of 1.33 with the same method and 
solvent. Additionally, Margiati et al. (2019) obtained a purity index of 1.03 using distilled water 
as the solvent.  

 

  
 

Figure 3. Phycocyanin (3.1) yield and (3.2) purity obtained with variation extraction method 
of freeze-thawed and maceration. (A24) distilled water-maceration for 24 h, (A24FT) 
distilled water-freeze thawed 24 h, (A48) distilled water-maceration for 48 h, (A48FT) 
distilled water-freeze thawed 48 h, (B24) buffer-maceration 24 h, (B24FT) buffer-freeze 
thawed 24 h, (B48) buffer-maceration 48 h, (B48FT) buffer-freeze thawed 48 h. 
 

Figure 3. effectively illustrates the comparative yields of phycocyanin under different 
experimental conditions, highlighting the influence of these conditions on production efficiency. 
Generally, the use of sodium phosphate buffer in the extraction process yields higher amounts of 
phycocyanin compared to the use of distilled water. The highest yield is observed in the buffer 
extraction process using the maceration method for 24 hours (B24), which produces the greatest 
yield. 

The freezing and thawing (FT) method does not consistently increase the yield, as evidenced 
by the minimal differences between samples treated with and without FT. For example, there is 
only a slight difference between A24 and A24FT, as well as between B24 and B24FT.  

Further analysis of the yield and purity of phycocyanin under various conditions (Figure 3) 
reveals that the use of sodium phosphate buffer (B24, B24FT, B48, B48FT) consistently 
outperforms the use of distilled water (A24, A24FT, A48, A48FT). Among the tested conditions, 
the buffer extraction process combined with the maceration method for 24 hours (B24) achieves 
the highest yield and purity, making it the most effective method. The freezing and thawing 
treatments have minimal and inconsistent effects on both yield and purity. 

3.1. Phycocyanin yield 3.2. Phycocyanin purity 
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In conclusion, the buffer extraction process, particularly B24, is optimal for maximizing the 
production and quality of phycocyanin. This method demonstrates superior efficiency and 
effectiveness compared to the other tested conditions. 

Significant test between the different method and the same solvent shows no significant 
different, while significant test between the same method and different solvent describes the 
significant different. The use of distilled water together with sonication method results in all 
variable has p value <0.05. It describes that sonication method in distilled-water no significant 
different with the highest score of of phycocyanin purity 0.23 using sonication method. The use 
of sodium phosphate buffer together with sonication method has significant different between 
method and the highest phycocyanin purity of 0.33. 

Phycocyanin is a natural pigment from Spirulina platensis which is polar, so that in its 

extraction a polar solvent is used [9]. The polar solvents used in this study were destilled water 

and sodium phosphate buffer pH 6.7. Both type of solvents can dissolve phycocyanin. The purity 

and yield of the phycocyanin with solvent aquadest and time of maceration 3h was not 

significantly higher (P < 0.05) than the solutions buffer pH 6.7 and time of maceration 3h. This 

is because the pH of the destilled water and buffer is not much different so that the ability to 

extract phycocyanin is not much different.  
 

 

              
Figure 4. The effect of sonication process for cell damage to phycocyanin concentration: (A1) 

distilled water-maceration 1 h, (A2) distilled water-maceration 2 h, (A3) distilled water-

maceration 3 h, (B1) buffer-maceration 1 h, (B2) buffer-maceration 2 h, (B3) buffer-maceration 

3 h, and without sonication: (A24) distilled water-maceration 24 h, (A48) distilled water-

maceration 48 h, (A24FT) distilled water-freeze thawed 24 h, (A48FT) distilled water-freeze 

thawed 48 h, (B24FT) buffer- freeze thawed 24 h, (B48FT) buffer-freeze thawed 48 h. 

 
Sonication plays a crucial role in the extraction of the pigment phycocyanin from Spirulina 

platensis due to its ability to enhance extraction efficiency significantly. The process utilizes 
ultrasonic waves to create cavitation in the solution, leading to the formation and subsequent 
explosion of microbubbles. This results in the effective disruption of cell walls, allowing for the 
release of phycocyanin more efficiently than conventional methods. By employing sonication, the 
extraction process can achieve higher concentrations and purity of phycocyanin, which is essential 
for various applications in nutraceuticals, cosmeceuticals, and pharmaceuticals. Moreover, 
sonication reduces the extraction time dramatically, making it a more efficient method compared 
to traditional techniques like soaking or freeze-thawing [10]. 

Figure 4 describes the impact of sonication on phycocyanin purity affected by extraction 
method and solvents. Sonication significantly influences the purity of phycocyanin extracted from 
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Spirulina platensis. When combined with sonication, the purity of phycocyanin tends to improve 
due to the enhanced efficiency of cell disruption and pigment release. This method uses ultrasonic 
waves to create cavitation effects that break open cell walls more effectively than maceration or 
freeze-thaw techniques. Consequently, sonication leads to a more complete release of 
phycocyanin into the extraction solvent, thereby increasing its concentration and reducing the 
presence of contaminants. 

The choice of solvent also plays a crucial role in the purity of the extracted phycocyanin. 
Phycocyanin extracted using sodium phosphate buffer generally exhibits higher purity compared 
to those extracted with distilled water. The buffer solution helps maintain an optimal pH for 
preserving the stability and integrity of phycocyanin, whereas distilled water may lead to less 
controlled conditions that can affect the protein's stability. When sonication is employed, the 
combination of the buffer with sonication enhances the extraction efficiency and results in a more 
refined product with fewer impurities. Conversely, while sonication improves extraction 
outcomes, the traditional freeze-thaw method combined with either solvent shows inconsistent 
effects on purity, indicating that sonication in conjunction with buffer solutions is more effective 
in achieving high-purity phycocyanin. 

Phycocyanin is water-soluble and can be easily extracted from Spirulina sp. as a protein–

pigment complex. Appropriate control of the pH and ionic strength during extraction, separation 

and purification processes are crucial for the stability of phycocyanin molecules. The degradation 

of phycocyanin depends on the aggregation state of the protein, which is influenced by parameters 

such as light, temperature, pH and protein concentration[10][11]. Phosphate buffer solvents can 

attract pigments more strongly from inside the cells because they are able to maintain both acidic 

and basic conditions. The function of the buffer solution is to stabilize the pH, so that after the 

extraction process, the phycocyanin solution is in a stable condition and is able to minimize the 

pigment degradation process. Phycocyanin degradation will occur if the degree of acidity 

decreases or the alkalinity increases (stable pH 4-9), a buffer with a pH of 6.7 is a suitable solution 

for phycocyanin extraction, because from the results of research by comparing pH 5, 6 and 7, the 

optimum pH for phycocyanin extraction is 6-7 [12]. Therefore, buffer concentration at pH 6-7 

was used as a suitable pH level for C-phycocyanin extraction. Selection of a suitable buffer for 

phycobiliprotein extraction is also a crucial factor for obtaining high yield and quality of 

phycobiliproteins. Moreover, among the different buffers evaluated to maximize 

phycobiliproteins extraction, sodium phosphate was found to be the best [10]. 

When compared to alternative methods, freeze-thaw cycles have been the most efficient way 

to extract C-PC from wet cyanobacterial biomass[8], CPC has also been extracted after 

mechanical cell disruption[13]. C-phycocyanin can be extracted from cyanobacteria by different 

procedures which combine breakage of the cell walls and extraction of water-soluble 

phycobiliproteins into aqueous media [14]. Several factors influence C-phycocyanin extraction; 

the most important being the cellular disruption method, type of solvent, biomass-solvent ratio, 

and type of biomass [15]. Physical methods include sonication, cavitation, osmotic shock, and 

repeated freeze-thawing, whereas chemical methods use acids, alkalis, detergents, and enzymes. 

Combinations of a variety of physical and chemical methods are exploited for cell breakage[16]. 

Ultrasound is a novel technology to improve the extraction process of hydrophobic compounds 

from microorganisms by disrupting the cell wall of the different bio-tissues to facilitate the release 

of extractable compounds and enhance mass transport of solvent from a continuous phase into the 

cells [17].For C-phycocyanin extraction by ultrasonic methods, the biomass solution is treated 

ultrasonically to accelerate cell wall breakage through direct osmosis which effectively shortens 

the treatment time[18]. After cell breakage, clarification by centrifugation was performed, and the 

product is primarily isolated from the supernatant[16]. The research result method with sonication 

have significantly higher (P >0.05) than method without sonication. Wet Spirulina and solvent 

buffer and time of maceration 3h have higger purity 0.27 and yield 22.18 in sonication 

method[19][17]. Buffer with freeze thawing method have higger purity and yield than all method. 
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In freeze thaw method we use 24 H and 48 H for freezing and overnight for thawing. Differences 

in time and methods used cause differences in yield and purity values. 

 

4. Conclusion 
 The freeze-thawed using sodium phosphate buffer was better than distilled water with a 

freezing time of 48 hours. It shows phycocyanin concentration of 0.55, yield of 11.07, and purity 
of 0.21. The use of sonication process could increase the value of phycocyanin concentration, 
yield, and purity with the best results of 1.108, 25.85, and 0.26 respectively. Future research 
should focus on optimizing sonication parameters and exploring alternative solvents to enhance 
phycocyanin extraction efficiency and purity. Additionally, investigating the scalability of these 
methods and their impact on phycocyanin's bioactivity will be crucial for advancing industrial 
applications and ensuring high-quality production. 
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