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Figure S1: Schematic of the batch recirculating vortex based hydrodynamic cavitation 
experimental setup used for phycocyanin extraction. 
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Figure S2: Microscopic observation (10 X magnification) of Spirulina biomass (a) as received 
powder (b) after dispersing in buffer at 3 g L-1 and (c) after the HC treatment at 80 kPa and 

100 passes. 
 

 

Figure S3: Spirulina biomass solution before (left) and after (right) HC treatment. 
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Figure S4: Influence of soaking 3 g L-1 Spirulina biomass in 1 L 0.1 M phosphate buffer on the 
background release of phycocyanin. (a) Open black squares depict three replicates and solid 

black squares depict the average of the replicates for CPC yield (mg g-1) and open brown 
circles depict three replicates and solid brown circles depict the average of the replicates for 
APC yield (mg g-1). (b) Open black diamonds depict three replicates and solid black diamonds 

depict the average of the replicates for normalised CPC yield and open brown triangles 
depict three replicates and solid brown triangles depict the average of the replicates for 

normalised APC yield. n = 3 in all the cases and the error bars denote the standard deviation 
between replicates. 

 

Methodology for CPC Purification 

After extracting the total phycocyanin using vortex-based HC, the crude sample 

collected after 100 passes at 80 kPa inlet pressure was used to determine and establish the 

phycocyanin purification protocol. A two-step extraction procedure was developed and 

established. Initially, 10 mL of crude extract supernatant obtained after centrifugation at 5000 

rpm for 5 min, was added into nine centrifuge tubes (50 mL). Ammonium sulphate of various 

saturation levels (0-90%) was gradually added into respective centrifuge tubes. The samples 

were kept in the refrigerator at 4 °C for 4 h and centrifuged at 6000 rpm for 15 min. The 

supernatant was collected, pellet was discarded (presuming lower size proteins were 

removed) (Kaur et al., 2019) and CPC content and purity were estimated using equations (1) 

and (3). Based on CPC content and purity, a lower ammonium sulphate saturation was 
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selected as 20 %. In second step, 100 ml of the crude extract was treated with 20% saturated 

ammonium sulphate solution, kept at 4°C for 4 h and centrifuged at 6000 rpm for 15 min. The 

supernatant collected was subjected to a second ammonium sulphate precipitation step. 

Here, the supernatant obtained from the first step was subjected to 30-90% of saturated 

ammonium sulphate solution. After 4 h incubation at 4 °C, the sample was centrifuged at 6000 

rpm for 15 min, and supernatant was discarded (presuming high molecular weight proteins 

were removed). The pellet was resuspended into unit volume and the CPC content and purity 

were estimated using equations (1) and (3). All the experiments were performed in triplicates. 

The mean value of the triplicate is reported here with the standard deviation between the 

replicates as error bars. 

 

 

Figure S5: Phycocyanin recovery percentage and purity at different saturation levels of 
ammonium sulphate (n =3). Solid orange, yellow and green bars for each saturation level 

represents the replicates. 
 

Results from purification of phycocyanin  

CPC purity for soaking was found to be in the range of 0.24-0.30 while for APC it was 

found to be in the range of 0.09-0.147. For the non cavitating flow condition at 20 kPa the CPC 

and APC purities were found to be in the range of 0.23-0.34 and 0.10-0.19 respectively, which 

were similar to those obtained from the soaking tests. At inception (80 kPa), the 
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corresponding purities increased to 0.24-0.41 and 0.12-0.20 respectively. Under fully 

developed cavitating flow in the range of 150-350 kPa, the purities of CPC and APC further 

increased to 0.17-0.42 and 0.04-0.26 respectively. The highest purity for CPC was obtained at 

350 kPa (0.42), while at the optimum CPC extracting condition of 150 kPa the maximum purity 

obtained was 0.37. Similarly for APC, a maximum purity of 0.26 was obtained at 350 kPa while 

a maximum purity of only 0.16 was obtained at the optimum extraction conditions (250 kPa). 

The purities of CPC achieved with HC in this work are comparable to purities achieved with 

other mechanical methods reported in literature. While consistent, this purity should be 

increased to make economic sense – (i.e.) achieving purity above 0.7 required for food grade 

to obtain a price of $130 g CPC-1. Therefore, to improve the purity of extracted phycocyanin, 

a two-step ammonium sulphate precipitation process was used. The purification procedure in 

this work was demonstrated using the crude extracts obtained at 80 kPa (inception). 

In the first purification step, proteins with a molecular weight lower than phycocyanin 

(70–110 kDa) were removed by precipitating with 20% ammonium sulphate. In the second 

step, proteins of higher molecular weight than phycocyanin, were targeted and removed. To 

achieve this, the supernatant obtained from the first step was subjected to ammonium 

sulphate precipitation in the range of 30-70%. It was observed that 50% saturated ammonium 

sulphate precipitation in the second step resulted in the maximum purity of 1.3 with 75% 

phycocyanin recovery as shown in the supplementary information. Phycocyanin with the 

highest purity of 5.22 have been reported in literature by Patil et al. (2006). Various authors 

also presented purities in the range of 0.4-5.2 in literature (Fratelli et al., 2021). These studies 

focussed exclusively on the purification of phycocyanin and studied the influencing 

parameters in detail and therefore was able to achieve a higher purity than what has been 

reported here. The crux of the study presented here was to establish that HC can be utilised 

as an effective treatment method to extract phycocyanins bound to the inner cell membranes. 

Therefore, additional focus beyond what was required was not given to pigment purification. 

It should however be noted that the crude phycocyanin extract can be coupled with existing 

well established downstream processes for the purification of phycocyanin see examples in 

(Chethana et al., 2015; Patil et al., 2006; Patil and Raghavarao, 2007). 
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