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Abstract C-phycocyanin (C-PC) a blue color phyco-

biliproteins used as a food colorant, therapeutics, medici-

nes, health food and biomarkers. In the present study,

morphological property of encapsulated C-PC and its sta-

bility under various conditions like temperature, pH con-

ditions are discussed. Microencapsulated droplets formed

by extrusion found to be spherical with average size

1.2 ± 0.1 mm. SEM micrographs of freeze dried encap-

sulate confirmed the spherical shape. The effect of droplet

formation with varying alginate percentage (1.5%, 2.0%

and 2.5% w/v) was studied. In the stability test at 70 �C
and 80 �C relative concentration (CR %) was found to be

86.89 and 88.19%, respectively. The encapsulated C-PC

showed a slow degradation at higher temperature compared

to without encapsulated C-PC which was confirmed by

UV–visible absorbance. At 45 �C and 55 �C temperatures

the stability was studied at various pH conditions (pH 4.5,

5.5, 6.5, and 7.0) and reported. Aggregation of C-PC pro-

tein will not change during encapsulation was confirmed by

SDS-PAGE. FTIR analysis of encapsulate and the alginate

depicted similar characteristics of the compound compared

to that of native C-phycocyanin colorant. Microencapsu-

lation improves the stability and increases the shelf life of

colorant.
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Introduction

C-phycocyanin (C-PC) a one of the major phycobilipro-

teins pigment present in prokaryotic blue-Green

(Cynobactreia) and eukaryotic red algae (Rhodophyta)

(Romay et al. 2003; Patil and Raghavarao 2007; Tavanandi

et al. 2018). It occurs as a super molecular protein complex

with phycoerthrin, allophycocyanin to harvest light to

perform photosynthesis in photosystem-II reaction centre.

C-phycocyanin composed of two subunits, a and b, which
occur in equal numbers, but the exact number of a and b
pairs make up the molecule may vary among the species

(Tandeau de Marsac 2003). C-PC is commonly used as

natural dye in food (Chewing gum, dairy product, ice-

cream jellies etc.) and cosmetics (lipstick and eye liners)

and replaced the synthetic dyes as it is nontoxic and non-

carcinogenic (Eriksen 2008; Fernández-Rojas et al. 2014;

Jiang et al. 2017; Kuddus et al. 2013; Martelli et al. 2014).

C-PC has a significant antioxidant, anti-inflammatory,

hepatoprotective due to radical-scavenging properties

(Patil et al. 2006; Romay et al. 1998).

C-PC and other phycobiliproteins have large applica-

tions as a convenient markers for gel electrophoresis, iso-

electric focusing, and gel exclusion chromatograph (Gupta

et al. 2011). C-PC pigment is widely used as natural col-

orant as food additives due to its deep and intense blue

color (Suresh et al. 2013; Chethana et al. 2015). They are

also used as a fluorescent reagent in immunological anal-

ysis (Suresh et al. 2013). They are been used as a valuable

fluorescent probe for analysis of cells and molecules.

Another important applications of phycobiliproteins is that
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it is been used as fluorescent markers for cells and

macromolecules in biomedical research (Sekar and Chan-

dramohan 2008).

The application of C-phycocyanin in food, pharmaceu-

tical, beverages and other commercial uses depends up on

the aggregation state of the protein. The degradation of

protein is influenced by pH, temperature, light and protein

concentration (Chaiklahan et al. 2012; Edwards et al. 1997;

Jespersen et al. 2005; Sarada et al. 1999; Wu et al. 2016).

Microencapsulation is an effective and economical method

for protecting and improving bioactivity of any biomole-

cules against adverse conditions (Dubey et al. 2009). To

protect the bioactivity or aggregation of protein structure

and reactivity of the side chain against variation of tem-

perature, pH and degradation against light can be con-

trolled by encapsulating in different coating or wall

materials (Lee and Mooney 2012; Zhang et al. 2016a, b).

To improve the stability of C-phycocyanin lot of effort‘s

were carried out by various authors for improving a sta-

bility of C-phycocyanin to effecting parameter. Such as

keeping or preserving in preservatives, by changing char-

acteristics by modifying gene or protecting by coating or

entrapping with coating material by various methods (Li

et al. 2009; Manconi et al. 2010; Yan et al. 2014). In

current study, microencapsulated C-phycocyanin was syn-

thesized by extrusion technology by sodium alginate

matrix in order to improve stability of C-phycocyanin and

to study its morphological nature of droplet formed.

Materials and methods

Biomolecule

Food grade C-phycocyanin from Spirulina platensis spray/

freeze dry powder was gifted from M/s. Delhi Nutraceu-

ticals Private Limited, New Delhi, India. The pure

C-phycocyanin was used without further processing for all

our experiments.

Chemicals and reagents

Anhydrous calcium chloride (CaCl2) and Sodium Alginate

food grade were procured from Sigma-Aldrich. Analytical

grade chemicals are used for phosphate buffer (pH 7.4)

preparation. All other chemicals used were of analytical

grade.

Experimental setup

Extrusion of Sodium alginate and C-phycocyanin solution

into droplet by using an infusion syringe pump (NE-300)

from New Era Pump Systems, Inc., USA. Syringe needle

tip used for droplet formation was grinded and polished to

uniform size to get uninterrupted droplet formation.

Methods

Phosphate buffer preparation

Phosphate buffer of pH 7.4 was prepared using double

distilled water. It used to dissolve droplets after subjecting

to stability test to find the quantity and purity of

C-phycocyanin.

Microencapsulated of C-phycocyanin droplet

formation extrusion dripping technique

Matrix type of microencapsulated C-phycocyanin

([ 1 mm) were prepared by extrusion dripping technique

using sodium alginate as a coating material. Sodium algi-

nate solutions were prepared with 1.5%, 2% and 2.5% (w/

v) concentration. The solutions were kept in magnetic

stirrer for 2 h to get uniform homogeneous solution.

C-phycocyanin powder was added to alginate solution

according to the ration of 1:1 (w/w) and stirred uniformly

for 30 min. The prepared solution was further taken in a

syringe of volume 20 ml. The flow rate of the infusion

syringe pump was maintained at 30.0 ± 0.1 ll/min. Uni-

form and constant droplet were extruded by needle into a

beaker contain 2% (w/v) calcium chloride solution. The

dropped droplets were kept for 24 h in calcium chloride

solution to complete ionic gelation process at room tem-

perature. The encapsulated calcium alginate droplets were

filtered using Whatman filter paper number 40. Droplets

were washed with double distilled water to remove unre-

acted sodium alginate. The filtered droplets were analyzed

and tested for its C-phycocyanin content and stability by

subjecting it to various temperature and pH conditions. The

schematic representation of the experimental setup for

preparation of microencapsulated of C-phycocyanin is

depicted in Fig. 1.

Stability studies of encapsulated C-phycocyanin

To study the effect of encapsulation on C-phycocyanin,

encapsulated droplets were incubated in water bath and

maintained at different temperature (40, 50, 60, 70, and

80 �C). To evaluate the effect of pH, encapsulated

C-phycocyanin droplets were incubated at different pH

levels (4.5, 5.5, 6.5 and 7.0) with respect two different

temperatures (i.e., 45 and 55 �C). After stipulated time

droplets were removed and dissolved in phosphate buffer to

find out remaining concentration of C-phycocyanin.
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SDS-polyacrylamide gel electrophoresis (SDS-

PAGE) of encapsulated C-PC

To study the change in nativity of C-PC protein, SDS

PAGE gel–electrophoresis (vertical mini gel system, Bio-

world, Bangalore) was carried out. SDS-page was com-

posed of 5% stacking gel in pH 6.8 Tris–HCl buffer and

10% SDS and 12% separating gel with buffer of pH 8.8.

Native protein, encapsulated protein and standard marker

were used for electrophoresis at 150 V for 1 h. Finally

bands were visualized by silver staining (Chethana et al.

2015).

Analysis

Spectroscopic measurements

The purity and concentration of C-phycocyanin were

measured using a calibrated UV/Visible Spectrometer

(Model: T80 ? Double Beam UV Spectrophotometer, PG

instruments Ltd., United Kingdom) at the wavelengths of

280, 615 and 652 nm.

Purity or grade of C-phycocyanin

The purity or grade of C-phycocyanin is given by the ratio

of absorbance at 620 nm to 280 nm i.e., A620/A280, wherein

A620 is the maximum absorbance of C-phycocyanin and

A280 is the absorbance of total proteins (Patil and Ragha-

varao 2007).

Concentration of C-phycocyanin

The concentration of C-phycocyanin was determined by

measuring the absorbance at 620 nm and 615 nm.

Quantitative amount of C-phycocyanin in mg/ml is cal-

culated using the following Eq. (1) as given by (Yan

et al. 2014).

C-PC ðmg/mlÞ ¼ ½A615 � 0:474ðA652Þ�
5:34

ð1Þ

Relative concentration of C-phycocyanin (CR)

Relative concentration (CR) of C-phycocyanin is repre-

sented by the remaining concentration of C-phycocyanin

(C) as percentage of the initial concentration (C0) is cal-

culated (Chaiklahan et al. 2012) as shown in Eq. (2)

CR ð%Þ ¼ C

C0

� 100 ð2Þ

where C is the concentration at time t, C0 is the initial

concentration.

Microscopic size analysis

The diameter of the encapsulated C-phycocyanin droplet

size was visualized and measured under light microscope at

40 9 resolution. Using optical microscope (282A Moticam

Pro, Motic, Hong Kong, China) consists of digital camera.

50 droplets were collected and size was measured and

averaged.

Morphology studies

The morphology of encapsulated was observed by Scan-

ning electron microscope (SEM). The freeze-dried encap-

sulated droplets were attached to aluminum stubs using

two-sided adhesive carbon tape and coated under vacuum

with 200 Å gold before examination using a scanning

electron microscope (SEM Model: Tescan Vega 3 LM

Octane Pro, Module Info:2.18/1116129, Česká Republika,

Europe). The SEM was operated at 10 to 20 kV and

magnified to 150 9 and 5000 9.

Fig. 1 Schematic diagram of

extrusion of C-phycocyanin and

sodium alginate mixture into

CaCl2 by syringe pump
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Fourier-transform infrared spectroscopy (FTIR) analysis

Freeze dried microencapsules, phycocyanin and the algi-

nate were grounded and mixed well with potassium bro-

mide, further the prepared grounded powder were made

into thin discs using hydraulic press at 100 bar pressure.

The spectra were recorded using FTIR spectrophotometer

(Model Spectrum 2, PerkinElmer Spectrum Version

10.4.3) from 4000 to 500 cm-1 wave number at a data

acquisition rate of 1 cm per point at ambient temperature.

Results and discussion

Experiments were carried out initially using equal ratio of

concentration of 0.5%, 1.0% 1.5%, 2.0%, 2.5% and 3.0%

(gm/ml) sodium alginate and was mixed with C-Phyco-

cyain (C-PC) purified powder 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0

gm, respectively. The alginate CPC prepared mixture at 1:1

ratio was subjected to extrusion process and dropped into

calcium chloride solution to get encapsulated C-PC. The

concentration of alginate and viscosity of the solution are

another major affecting parameters for droplet formation.

At lower concentration of alginate the droplets of irregular

shape and less stiffness were formed (Viscosity\ 19.6 cP).

As the concentration of alginate mixture increase the shape

and stiffness is also increased. But with an increase in

alginate mixture, the viscosity of the mixture also increa-

ses. This increase of viscosity ([ 1180 cP) will makes the

flow difficult and plugs the needle. Similar problems were

reported by Yan et al. (2014) where extrusion of more than

3% concentration of sodium alginate plugs the needle and

less concentration forms tailings (Yan et al. 2014). To

avoid the plug and free flow of the mixture further exper-

iments were carried out at 1.5%, 2.0% and 2.5% sodium

alginate concentrations to have a uniform droplet size.

Morphology studies of microencapsulated

C-phycocyanin (C-PC) droplets

The surface morphology is one of the important parameter

for release of active ingredients from an encapsulated

product. For a high throughput production of the encap-

sulate the size uniformity of droplets plays a significant

role during scale-up of the encapsulation process (Jyothi

et al. 2010). In this study, 2.5% concentration of sodium

alginate and C-PC (1:1) were used for droplet formation.

The native C-PC purity was measured and found to be 1.2.

Encapsulated C-PC, the size of encapsulate was measured

using optical microscope (Motic B302 Model) consists of

digital camera. Around 50 numbers of encapsulated C-PC

droplets were collected and its images were taken using the

digital microscope. The sizes of encapsulated droplets were

averaged and the average size was found 1.2 ± 0.1 mm.

Size of droplet depends on orifice of the needle and the

droplet size varies as orifice of the needle varies. The

frequency of droplet formation depends up on flow rate of

the feed (Nayak and Pradeep 2018). During the experi-

ment, a constant flow rate (30 lL/min) was maintained and

needle size of 0.55 mm was used for encapsulation process.

Microencapsules containing C-phycocyanin appeared

smooth spherical appearance without any surface cracks.

C-PC is homogeneous within alginate matrix. This is

clearly confirmed by Fig. 2a, b. The Fig. 2a depicts with

magnification of 40 9 using the optical digital microscope.

The images show a clear spherical shape with a sharp dark

blue colour encapsulation of C-phycocyanin. Examination

of SEM micrographs of freeze dried encapsulated C-PC is

Fig. 2 Morphology of encapsulated microsphere of C-PC a with

magnification using microscope 9 40 and b scanning electron

microscope (SEM) images of encapsulated microsphere of C-PC

magnification of 9 150
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shown Fig. 2b. The Fig. 2b confirms the spherical

appearance of the encapsulated C-PC even after the freeze

dried process. The freeze dried encapsulate size was

measured and found to be 0.868 ± 0.15 mm. The surface

is found to be rough this can be attributed to the evapo-

ration of water during freeze-drying process. Nayak and

Pradeep (2018) and Yan et al. (2014) have reported similar

observations and structure in SEM observation for

C-phycocyanin pigment (Pradeep and Nayak 2016; Yan

et al. 2014). Yan et al. 2014, carried out for C-phycocyanin

encapsulation by using a chitosan-alginate matrix by

extrusion method. The droplet formed from this matrix for

2.5% alginate was found to be in spherical shape with

mean diameter 1.41 ± 0.07 mm before freeze drying.

Further, after freeze drying the size was reduced to

1.05 ± 0.11 mm. The size reduction and the rough surface

after freeze drying is due to fast water evaporation during

the freeze drying process (Yan et al. 2014). Similarly,

another literature by Li et al. (2009) reported that C-PC

doped silica biomaterial matrix SEM image shows cracks

in the surface cluster which is attributed to the evaporation

process (Li et al. 2009).

Effect of temperature on encapsulated

C-phycocyanin (C-PC)

Temperature is one of the important parameter which affects

the stability of C-phycocyanin. To study the effect of tem-

perature on encapsulated C-PC 1.5%, 2.0% and 2.5%

sodium alginate concentrations were taken. Around fifty

numbers of microencapsulated C-phycocyanin was incu-

bated in water bath maintained at 40, 50, 60, 70 and 80 �C
temperatures. After incubation at specific time the droplets

were dissolved in phosphate buffer solution and its C-PC

concentration was analysed. For 2.5% concentration CR

value of microencapsulated C-PC after incubating for

30 min at 40 �C, 50 �C and 60 �C were about 95.13%,

94.74% and 92.02%, respectively. This indicates the rate of

degradation was slow for 2.5%. This slow rate of degrada-

tion may be attributed to the alginate structure and strong

matrix formation at 2.5% as well as the C-PC is stable up to

55–60 �C in its native form. While at 70 �C and 80 �C, the
rate was observed to be 90.46% and 88.15%, respectively

for 30 min of incubation. But after 120 min of incubation

the CR values decreased to 88.19 and 86.89%. This change

is small at 2.5% alginate at higher temperature. Thus

encapsulated C-PC is stable for a longer time (p\ 0.05)

compared to that of the native C-PC. The similar results are

reported by Yan et al. (2014) where C-PC shows greater

stability at 40 and 50 �C temperature for a longer duration

when it encapsulated with chitosan-sodium alginate matrix

(Yan et al. 2014). Martelli et al. (2014) reported the stability

with Manuk honey as preservative for C-PC (Martelli et al.

2014). This report stated that the rate of degradation

increased at higher degree temperatures when compared to

that of lower temperatures. After 90 min of time during their

study, it was found that the CR values were not significantly

decreased for all the temperatures. This indicates that

microencapsulated C-PC can maintain an increased stability

at temperatures even at 70 �C and 80 �C.
Microencapsulation enhances the stability of the

C-phycocyain with respect to temperature. The encapsu-

lated C-PC was compared with the native proteins at var-

ious temperatures to confirm the stability. These results

were also confirmed by absorbance peak at 620 nm

wavelength and shown in Fig. 3a–e. The peak of encap-

sulated C-phycocyanin shows some sharp absorbance at

lower temperature i.e., 40 �C and 50 �C depicting that the

biomolecule is not degraded and is in native form as shown

in Fig. 3a, b. As temperature increases from 50 to 80 �C
absorbance peak decreases Fig. 3c–e. The decrease in the

absorbance peak is due to the denaturation of the protein.

The change in colour of the protein was observed at 70 �C
and 80 �C due to denature of the protein. Similar absorp-

tion spectra was reported after exposure of the C-PC/

Manuka honey mixture for 30 min at 25, 50, 60, 70 and

80 �C, whereas as the temperature increases spectra gives

low C-PC value. Shu and Zhu (2002) studied the release

behaviour for encapsulated C-PC coated with sodium

alginate and chitosan and reported that at higher concen-

tration of bio-polymer the integrity and strength of

encapsulated droplet is high (Shu and Zhu 2002).

Effect of pH on encapsulation

C-phycocyanin is highly unstable above 50 �C at its native

form. Its property altered and denatured after 50 �C (Sar-

ada et al. 1999). To verify the stability of microencapsu-

lated C-PC was studied at four different pH levels at 4.5,

5.5, 6.5 and 7.0 at two different temperatures (45 �C and

55 �C). Degradation of C-PC was found as relative con-

centration after incubating at two different temperature i.e.,

45 and 55 �C. The results are shown in the Fig. 4a, b. The

maximum stability was found to be at pH 6.5 and the

lowest stability was at pH 7.0 as well as at pH 4.5. The

protein degrades at alkaline or acidic pH conditions which

attributes the lower relative concentration. The degradation

was found to be minimum for pH-6.5 at both 45 and 55 �C
temperatures. It indicates that the encapsulated C-PC was

not stable at lower pH and at higher pH value. Similar

results are reported by Jiang et al. (2014) showed phyco-

biliprotein is unstable at strong acidic and alkaline envi-

ronment, whereas encapsulated C-PC was stable at a large

range of pH value (Jiang et al. 2014).
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Effect of microencapsulation process on C-

phycocyanin protein structure stability

Effect of encapsulation process on protein structure sta-

bility or integrity of protein was studied. The released

C-PC from the encapsulated C-PC was subjected in SDS–

PAGE with along with native C-phycocyanin protein. The

developed SDS-PAGE is shown in Fig. 5. The protein

marker, pure native C-PC and released C-PC from

microencapsulate are shown in Lane-1, 2, and 3 respec-

tively in Fig. 5. The bands of the standard protein marker

are indicated in the Lane-1 consist of two bands of

molecular weight 18.4 kDa and 21.3 kDa respectively. In

Lane-2 and Lane-3 also consists of two bands of a and b
subunits of C-PC are clearly visible. These molecular

weights were consistent with those of earlier literature

reports (Chethana et al. 2015). The purity of the released

protein was found to be 1.2 ± 0.01 which was not degra-

ded even after encapsulation. Released protein from the

encapsulate band height is same height of that of the pure

native protein. This confirms that there is no change during

encapsulation process as well as later released protein. The

retaining of C-PC structure is very important to maintain its

properties. This finding suggests or clears that encapsula-

tion process does not change structure of proteins hence it

can be used to improve the stability at severe conditions of

temperature and pH. Encapsulation of liposome and

Human Serum Albumin (HSA) efficiently were entrapped

within the alginate microcores. Observation were made that

the cross linking of calcium and alginate could significantly

affect the integrity of the entrapped protein (Dhoot and

Wheatley 2003). Another research article, a protein was
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entrapped within the alginate matrix to protect from

organic solvents, the matrix helped to preserve the struc-

tural integrity of the protein (Zhou et al. 2001).

FTIR analysis of the microencapsules

The FTIR analysis of microencapsulate, C-phycocyanin

and the alginate are depicted in Fig. 6. The spectrum of

microencapsulated and that of the alginate are similar, but

it is very different from that of the C-phycocyain pigment

only. This may be attributed to the alginate is well

embedded with the pigment. Spectra mainly consists of

wave number ranges of 3560–3500 cm-1,

3500–3000 cm-1 and 1750–1735 cm-1. These ranges

represents O–H, N–H and C=O bonds respectively for

characterization of proteins and sodium alginate (Devi

et al. 2012). After encapsulation the wave number range

3500–3000 cm-1 (N–H Secondary amines) starching to

higher wave number due to formation of weak electrostatic

bond. O–H group peak is shifted from 3352 to 3426 cm-1

wave number is due to breaking of intra molecular

hydrogen bond. Wave number of C=O peak also shifted

from 1654 to 1628 cm-1 may due to formation of hydro-

gen bond (Chaiklahan et al. 2012; Kanokpanont et al.

2018). FTIR confirms there are no much chemical changes

of CPC during encapsulation. Encapsulates are formed by

the electrostatic interactions, this interactions help the

stability of the pigments in the matrix and sustained release

of protein form alginate matrix easily for its end uses.
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Conclusion

C-phycocyanin (C-PC) successfully was encapsulated

within calcium alginate. The morphology study confirmed

the spherical shape of encapsulate and was found to be

1.2 ± 0.1 mm. The stability of encapsulated C-PC was

studied for various temperatures (40–80 �C). It was found
that the degradation of 2.5% alginate encapsulated C-PC of

was slow till 60 �C and relative concentration was found to

be 90.28% for 120 min. Whereas, the encapsulated C-PC at

higher temperatures 70 �C and 80 �C the degradation was

found 88.19% and 86.89%, respectively. The encapsulated

C-PC was stable even at high temperature. The protein

structural stability of the protein was verified using SDS-

PAGE. FTIR confirmed that the nativity of the C-PC was

not degraded during encapsulation process. The encapsu-

lation process protects the nativity of the protein as well as

the structure of the protein at high temperature. It can be

concluded that the controlled extrusion encapsulation pro-

cess can be utilized to enhance the stability of the C-PC.

This method provides high throughput encapsulate for

valuable and sensitive components.
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