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ABSTRACT

Adsorption of C-Phycocyaninalong with its recovery and purity was tested with various adsorbents. Evaluation of 
experimental results shows that activated charcoal has a higher adsorption when compared to Graphite, Chitosan, and 
Sawdust and fi lter aid. Langmuir and Freundlich adsorption isotherms were taken into consideration to screen the best 
adsorbent. Although, Langmuir and Freundlich isotherms follow a similar sequence of ranking for adsorbents, Langmuir 
ranking had shown signifi cant variation in ‘qm’ (Adsorption capacity) over the ‘KF’ (Binding constant) of Freundlich 
model. Nevertheless, both models predicted activated charcoal as the best adsorbent with the maximum specifi c adsorp-
tion. Discrete step optimization for Phycocyanin recovery and purifi cation shows 1% activated charcoal retained 79.3% 
of CPC while adsorbing 64.8% of contaminant protein with 2.1 purity index. FTIR spectroscopic studies reveal that the 
C-PC after adsorption with 1% charcoal showed a signifi cant reduction in the concentration of other components char-
acteristic of the crude sample. Thus, this work suggests a quick and reliable way to screen adsorbents based on binding 
constants and FTIR studies.
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INTRODUCTION

C-Phycocyanin (C-PC), is a water-soluble protein pig-
ment derived from the alga Arthrospira platensis. The 
pigment besides being a natural colorant is known as a 
potential antioxidant, anti-infl ammatory agent. Studies 
also show C-PC is known for its platelet aggregation 
inhibitor. It has also shown to have hepato-protective 
and neuroprotective properties (Gupta, 2012). In phar-
maceutical applications, the purity of C-PC should be 
(A620/A280) ≥ 4. Cosmetic and food industry requires 
a purity ratio of A620/A280 ≥ 2. On the other hand the 
analytical grade (‘Medical’ or ‘Research’ grade) prefers a 
purity ratio of 2.5-3.5 (Chaiklahan, 2011).

Phycocyanin is a protein complex which can be puri-
fi ed by a simple adsorption technique. Adsorption is a 
physical phenomenon in which one can notice an adhe-
sion of atoms, ions and molecules on to a solid surface 
(Siegbahn, 1990). The adsorbate creates a fi lm on the 
surface of the adsorbent. The process of adsorption can 
be explained with classical adsorption models such as 
the Langmuir and Freundlich isotherms. During a typical 
adsorption, before equilibrium, the amount of adsorbate 
on the adsorbent is a function of its pressure (if gas) 
or concentration (if liquid) at constant temperature. 
The amount of adsorbed material is the normalization 
of adsorbent mass, so that a comparison of different 
adsorbent material can be made during the screening of 
adsorbents. Freundlich and Langmuir isotherm models 
are useful tools for comparison of adsorption effi ciency 
of the adsorbents. 

A study (Alves, 2010) shows the adsorption of pro-
teins such as bovine serum albumin, human serum albu-
min (HSA) and human fi bronectin (HFN). In their study 
it was shown that albumin adsorption fi ts the Freundlich 
model. Several studies show enzyme (protein) adsorp-
tion onto the polymer particles (Tetsuya Yamamoto, 
2017).

The recovery and yield of a desired product is impor-
tant during extraction process. At present, several expen-
sive unit operations are routinely adopted for purifi ca-
tion of C-Phycocyanin. About 50-90% of the production 
costs are included in the purifi cation steps. Common 
methods for extraction and purifi cation of phycocyanin 
involve break up of cells using high pressure homogeni-
zation (Moraes, 2011), sonication (Furuki, 2003), freeze 
thawing, or enzymatic treatment; ammonium sulphate 
precipitation followed by procedures adopting hydro-
phobic (Bracewell, 2011). ion exchange, size exclusion 
(Jian-Feng, 2007), hydroxyapatite chromatography 
(Markov, 1974) and aqueous two phase extraction (Patil, 
2007). In spite of the increased purity, these methods, 
however proven to be expensive and time consuming. In 
addition, some purifi cation techniques may change the 

structural and functional properties of proteins, (Bermej, 
2008 (Sikarwar, 2017).

Therefore, it is essential to develop a reliable economic 
process for the separation and purifi cation of phyco-
cyanin.The present work aims at process optimization 
for increased recovery and purity of phycocyanin using 
various adsorbent materials like Charcoal, Graphite, Chi-
tosan, Saw dust and Filter aid in a minimum number of 
operations. The corresponding affi nity of the adsorbent 
towards the protein was studied using Langmuir and Fre-
undlich isotherm constants. (Finette, 1997)Considering 
the yield and purity index of the phycocyanin obtained 
after the each adsorption process with different adsorbent 
material, a suitable method has been developed which is 
more effi cient and economically feasible.

MATERIALSAND METHODS

Phycocyanin extraction and estimation

Phycocyanin was extracted from spray dried Spirulina 
platensis. About 500mg of biomass was dissolved in 
500mL of 50mM phosphate buffer (pH 6.8) or equal vol-
ume of distilled water in an Erlenmeyer fl ask (Borosil, 
India). About 20g of 0.65mm glass beads (Merck, India) 
and 0.25M CaCl2.2H2O were weighed and pre-mixed with 
the biomass-solvent mixture. The extraction was done 
using a rotary shaker (Pharmacon, India) at 150 rpm 
for 30min. The lysed biomass was centrifuged (10,000 
rpm, 10min at 10oC) and the supernatant was estimated 
for recovery and purity of phycocyanin using a double 
beam UV-Vis spectrophotomeer (Dynamica, Halo DB20). 
The peak for C-PC was identifi ed at 620nm while the 
allophycocyanin was identifi ed at 652 nm. The purity of 
C-PC was estimated by the absorbance index of A620/
A280.The conc. of pigment (mg mL-1) was estimated 
using the following equation adopted by (Moraes., 
2011)

ADSORPTION STUDIES

The selected adsorbents for the present study are acti-
vated charcoal (Merck, India), Graphite (Ottokemi, 
India), Chitosan (Ottokemi, India), Hyfl osupercelFilter 
aid (Ottokemi, India) and Sawdust. The porous sawdust 
collected was washed with de-ionized water, air dried 
and sieved to a mesh size of 297 microns. 

Batch adsorption experiments were carried out by 
adding 5% (wt/v) of each adsorbent material to 20mL 
of crude phycocyanin extract at fi ve different concen-
trations (obtained by diluting the original crude extract 
(20%-100% (v/v)). The crude phycocyanin extract was 

(1)
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allowed to equilibrate with the adsorbent material for 
a contact time of 30 minutes on an orbital shaker at 
150rpm and then centrifuged at 10,000rpm for 10min-
utes at 10oC. The corresponding phycocyanin concentra-
tion and the recovery after adsorption were calculated. 
The effect of various concentrations of charcoal (0.5, 
1.0, 2.0, 5.0 % w/v) on the recovery and purity of phy-
cocyanin after adsorption were also determined follow-
ing the same protocol.

The equilibrium concentration (Ce) of the total protein 
in the supernatant collected was determined by Lowry’s 
method (farina mujeeb., 2018) referring to the calibra-
tion curve of BSA standards. The equilibrium adsorption 
capacity (qe) is obtained by dividing the amount of total 
protein adsorbed by the mass of the adsorbent material 
taken. The adsorption data was fi tted into both Lang-
muir model (Eq. 2) and Freundlich model (Eq. 3). The 
maximum adsorption capacity (qm) in Langmuir equa-
tion and the Binding constant (KF) in Freundlich equa-
tion were determined accordingly. While ‘n’ being the 
Freundlich isotherm constant.These models were cho-
sen to estimate the adsorption intensity of the sorbent 
towards the adsorbent

samples were applied on to a Calcium fl uoride (CaF2) 
glass windows for measuring the protein peakafter 
attaining equilibrium during adsorption process. All the 
spectra during analysis were smoothed and analysed by 
using Spectrum 10™ version 10.3.06 software.

RESULTS AND DISCUSSION

Batch adsorption experiments

The C-PC pigment recovery was made from the 
S.platensis dried biomass. The recovered extract was 
designated as 100% crude CPC solution. A series of dilu-
tions was made and fi ve different concentrations of the 
crude protein extract were generated to study the inter-
action of the crude CPC with different adsorbent mate-
rials- graphite, activated charcoal, fi lter aid, chitosan 
and sawdust. Table 1 enlists the adsorbents in the study 
and their physical properties with various isotherm con-
stants. The methylene blue adsorption studies showed 
highest specifi c adsorption by activated charcoal fol-
lowed by graphite, sawdust, fi lter aid and chitosan. The 
specifi c adsorption of protein in crude phycocyanin 
solution also revealed a similar order with maximum 
specifi c adsorption of protein being 10fold higher than 
chitosan (Sala, 2014).

Although, Langmuir and Freundlich isotherms fol-
low a similar sequence of ranking for adsorbents, Lang-
muir ranking had shown signifi cant variation in ‘qm’ 
(Adsorption capacity) over the ‘KF’ (Binding constant) 
of Freundlich model,both of which reveal the specifi c 
adsorption capacity of an adsorbentNevertheless, irre-
spective of the variation in the magnitude of constants 
in both cases, activated charcoal was shown to perform 
better than any of the adsorbent being adopted in the 
present study.

(2)

(3)

FTIR studies

Structural elucidation of Phycocyanin was made using 
Fourier transform – Infrared Spectroscopy, Spectrum 
Two™ was purchased from Perkin Elmer. (USA). The 
instrument uses LiTa03 (Lithium tantalite) pyroelectric 
infrared detector for scanning the samples. The CPC 

Table 1. Physical properties and isotherm constants for various adsorbents

S. No Adsorbent

Physical properties
 Langmuir Isotherm
Constants# & regression

Freundlich Isotherm   
constants@& 
regression

Particle 
size (μm)

*specifi c 
adsorption 
(qm) (mg/g)

qm(g/g)  K(mL/g) R 2 Kf(g/g) n R2

1.
Activated 
Charcoal

60 183.62 0.16 3978 0.99 0.60 4.35 0.99

2. Graphite 50 134.0 0.14 2270 0.96 0.43 4.06 0.98

3. Sawdust 297 80.2 0.02 113.2 0.99 0.39 1.30 0.99

4. Filter aid 30 74.0 0.02 135.1 0.98 0.30 1.43 0.97

5. Chitosan 300 50.3 0.02 163.7 0.99 0.25 1.43 0.99

*Methylene blue specifi c adsorption
#Langmuir constants:qmandK attained with phycocyanin-protein adsorption studies with various adsorbents 
@Freundlich constants: ‘n’ and Kfattained with phycocyanin-protein adsorption studies with various adsorbents
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Comparison of the various adsorbent materials for 

phycocyanin recovery and yield

Phycocyanin, is essentially a protein –pigment complex. 
The adsorption of phycocyanin was attributed partly 
due to the protein complex associated with the pig-
ment chromophore. The algal biomass also was shown 
to comprise 60% of total protein. Hence, during cell lysis 
and recovery of intracellular pigment-protein complex, 
supplemental protein contaminant (protein from bio-
mass) (Rajakumar, 2015) is anticipated along with the 
crude total protein extract of phycocyanin. 

The relative screening of the effective adsorbent 
material is based on the amount of adsorbed contami-
nant protein; the CPC recovered after adsorption and 
the purity index. Table 2 shows the total protein par-
tition profi le of the crude protein extract and Table 3 
details the adsorption effi ciency of the adsorbents dur-
ing simultaneous CPC recovery and purifi cation. In the 
initial batch adsorption studies, a higher purity index 
of 1.87 was observed with activated charcoal at a crude 
protein concentration of 100% (Table 4). Crude protein 
adsorption with activated charcoal exhibited a relatively 
higher purity index at all the fi ve different concentra-
tions when compared to the sorption studies with other 
adsorbents. Chitosan and Graphite are ranked in the 
next order for their purity index of the adsorbed phyco-
cyanin (Minkova, 2003)

The importance of the current study lies in highlight-
ing the proportion of the adsorbed contaminant pro-
tein. Data (Table 3) shows a signifi cant proportion of 
the contaminant protein removal (84.95%) was observed 
with 5 % (w/v) activated charcoal at 60% concentra-
tion of the crude protein. Graphite was found to be next 
in its adsorption capacity of the contaminant protein 
(68.88%). Filter aid reported 64.46% contaminant pro-
tein removal at 80% crude protein concentration while 
sawdust reported 61.29% removal effi ciency. Chitosan 

Table 2. Partition profi le of various   concentrations of 
Crude Phycocyanin

S. No.
 
Dilution 
(%)

C-PC*
(mg/mL)

Contaminant 
protein 
(mg/mL)

Total 
protein 
(mg/mL) 
(by Lowry’s 
method)

1. 20% 0.074 0.436 0.51

2. 40% 0.144 0.756 0.9

3. 60% 0.199 1.241 1.44

4. 80% 0.266 1.754 2.02

5. 100% 0.33 1.9 2.23

*used in adsorption studies 
*Crude Phycocyanin (total protein): defi ned by pigment-protein complex 
+contaminant protein
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Table 4. Optimization of activated charcoal for selectiveremoval of 
crude protein from phycocyanin extract

S. No Charcoal
Concentration 
(%)

Contaminant
Protein 
absorbed (%)

C-PC recovered
After adsorption 
(%)

Purity 
Index

1. 0.5 57.80 87.20 1.62

2. 1.0 64.80 79.30 2.10

3. 2.0 53.50 63.43 2.37

4. 5.0 65.50 5.90 1.87

FIGURE 1. FTIR studies showing the effect of concentrations of activated charcoal  adsorp-
tionof pigment

reported 42.94% crude protein removal effi ciency at 
80% crude protein concentration. 

The screening of the effective adsorbent for further 
study lies in its effi ciency towards its CPC recovery and the 
relatively higher purity index after the adsorption experi-
ment. On an average, the CPC recovery after the adsorp-
tion with activated charcoal was about 70%. Hence, the 
activated charcoal though reported lesser recovery of CPC 
compared to other adsorbents it was screened for further 
study due to its increased purity index and a higher per-
centage of contaminant protein removal. (Kethineni, 2018)

Discrete step optimization for Phycocyanin recovery and 

purifi cation

At high concentration of activated charcoal (5%w/v), 
indiscriminate adsorption of protein (phycocyanin as well) 
was observed. However, a supplementary study on optimi-
zation of the concentration of activated charcoal for the 
CPC recovery is performed (Table 4). One percent activated 
charcoal retained 79.3% of CPC while adsorbing 64.8% of 
contaminant protein with 2.1 purity index. Nevertheless, a 
purity index of 2.37 was reported with 2% (w/v) activated 
charcoal with a CPC recovery of only 63.43%

FTIR spectra analysis of crude and adsorbed C-PC sample

The structural confi guration of the Phycocyanin after 
adsorption at different concentrations of the charcoal 

as adsorbent were confi rmed by FTIR spectra (Fig-
ure 1). On the FTIR spectra of crude C-PC, the peaks 
in the range of 3698.23-3460 cm-1 indicate the pres-
ence of O-H stretching vibrations and the peaks at 
2932.99-2912.28 cm-1 represent the asymmetrical and 
symmetrical stretches of aliphatic CH2 groups. The fre-
quency range from 1345.07-1250.18 are assigned to the 
C-O stretching, O-H bending vibrations and C-O asym-
metric C-O-C stretching, which represent the presence 
of alcohols and esters. Peaks of 1133.11 and 1079.64 
cm-1 represent symmetric C-H stretching vibration. The 
peak values of 677.39 and 640.22 cm-1 represent the 
stretch of S=O and S-O. The peaks at 537.21, 1650.72 
and 3440.91 cm-1 in the FTIR spectra of crude C-PC 
are characteristic of phycocyanin, which are also present 
in the spectra of C-PC after adsorption with 1% char-
coal. However, it can be seen that some peaks of C-PC 
crude sample disappear in the 1% charcoal adsorbed 
C-PC sample explaining the phenomena of increased 
purity index after adsorption. Thus, all the characteristic 
peaks of Phycocyanin observed in the crude C-PC sam-
ple is evident in the FTIR spectra of C-PC after adsorp-
tion with 1% charcoal with a signifi cant reduction in 
the concentration of other components characteristic 
of the crude sample. Furthermore, the spectra also pro-
vide a fi ngerprint of the adsorbed Phycocyanin in the 
sample. 
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CONCLUSION

Process intensifi cation approach in the recovery and 
purifi cation of phycocyanin in the minimum number 
of operations is proposed. Basing on the scalability and 
economic feasibility, the activated charcoal (powder) at 
1% was chosen to be the material of choice for simulta-
neous recovery and purifi cation of phycocyanin. Amidst 
the high value and low volume nature of the targeted 
product, the recovery and specifi c yield of cyanobacte-
rial phycocyanin from Spirulina platensis dried biomass 
showed the suitability of the biomass in various adsorp-
tion operations in optimizing the product extraction for 
maximum pigment recovery. The adsorption phenomena 
are further confi rmed by the FTIR studies.
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