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Abstract

Background and Objective: Phycocyanin is a blue pigment extracted from Spirulina
platensis algae as an excellent alternative for the comparison of synthetic dyes in various
industries, including food industries. The aim of the present study was to assess effects of
copigmentation on the stability of phycocyanin pigments using spray drying method.

Material and Methods: An aqueous solution of phycocyanin (500 mg I) was prepared at
three pH values of 3, 5 and 7. Then, polyphenolic compounds containing rosmarinic acid,
tannic acid and digallic acid (0, 75, 150, 225 and 300 mgl) were separately added to the
solution as copolymers. Pigment solutions were transferred into cylindrical containers with
similar sizes under a light source at an intensity of 7000 | mm-2 and ambient temperature.
Color changes of the solutions were assessed for 14 d. Phycocyanin pigment solution was
copigmented with tannic acid (the best copolymer) and mixed with a combination of
maltodextrin and Arabic gum (100:0, 75:25, 50:50, 25:75 and 0:100). Ratio of the core to
the wall was 1:10. Spray dryer was used for drying and stability of the dried coated pigment
powder was assessed for 14 d by investigating the absorption reduction ratio at the maximum
absorption wavelength of phycocyanin (620 nm) using spectrophotometer.

Results and Conclusion: Based on the results, using tannic acid (300 mgl?) as the best
copigmenting compound induced higher resistance to phycocyanin. In addition, the most
stable pigment treatment was seen with maltodextrin and Arabic gum coating (ratio: 100:0).
In particle size, findings showed that the powder samples containing maltodextrin were
larger than the samples with Arabic gum (350.2 and 40.1 nm, respectively). Moreover,
results showed that phycocyanin copigmented with tannic acid included higher resistance to
environmental changes and encapsulation using spray dryer was further effective in
increasing stability of phycocyanin.
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1. Introduction

Recently, use of natural pigments has been popular in food
and medicine industries owing to their safety and health-
promoting characteristics, compared to synthetic dyes.
Synthetic dyes are widely used in food industries to create
colors in various food products, such as beverages. Synthetic
dyes are generally resistant to temperature, light and pH [1].
Use of natural dyes is further interested by the producers and
consumers of food products due to the negative effects of
synthetic dyes on general human health, especially in

children. Therefore, interests in food dyes with natural
origins are increasing [2]. Of these natural dyes, the blue
pigment has greatly been interested, while its limited sources
make it difficult to recover and extract this pigment. The C-
phycocyanin pigment is a protein that is currently used as a
natural dye in foods and medicines and includes multiple
health and nutritional characteristics owing to its antioxidant
activities. Phycocyanin is approved by the FDA (Food and
Drug Administration) and EFSA (European Food Safety
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Authority) [2,3]. Phycocyanin includes good resistance at
temperatures below 47 °C, while the pigment stability
decreases significantly at high temperatures [4]. With
changing temperature, pH of the environment changes as
well. At high temperatures, pH of the environment increases
too. Up-to-date, several methods have been used to prevent
thermal degradation of phycocyanin; some of these methods
include addition of citric acid, glucose, sorbic acid, sodium
azide, pH adjustment, sucrose and sodium chloride [4].
According to Martelli, high concentrations of sugar can
increase thermal resistance of phycobiliproteins. These
substances cannot protect the phycocyanin molecule and its
chemical structure from structural changes [5]. Furthermore,
cross-linking reactions between the protein molecules and
the silver nanoparticles, methylglyoxal and formaldehyde
increase stability of phycoerythrin as well as preventing
protein aggregation, thermal processes, high pressure and
copigmentation processes [6].

Farhadi reported that the copigmentation of anthocyanin
compounds effectively stabilized these compounds, thereby
linking polyphenolic compounds, flavonoids and antho-
cyanins through hydrophobic forces or hydrogen bonds.
Copigmentation causes hyperchromic effects on the pigment
(e.g., increased absorption), leading to a bathochromic
phenomenon or shifting the maximum wavelength of absor-
ption to other wavelengths [7]. Polyphenolic compounds,
flavonoids, amino acids and organic acids are copigmenting
compounds. Numerous studies have shown that polyphenolic
compounds and phenolic acids can stabilize anthocyanin
solutions extracted from fruits and berries against significant
changes in the matrices of food products such as juices,
purees, jams and syrups [8]. This color stability can occur
due to the chromophore interactions of phycocyanin with
hydroxyl functional groups in the copolymer compounds,
thus protecting phycocyanin from the addition of water [8].
According to Heras-Roger et al., addition of copigments
increases and stabilizes color of wine, thereby preventing
formation of colorless compounds and intensifying color
compounds. Anthocyanin may increase by addition of
copigments. Color of saffron can be stabilized by tannic acid
and gallic acid and formation of complexes and copigments
in saffron (e.g., anthocyanins) increases light absorption and
shifts in length with higher waves [8]. Encapsulation and
microencapsulation are effective methods for the pigment
stabilization. Microencapsulation has been introduced as a
method for stabilizing color compounds and is used in food
and pharmaceutical industries to coat dyes, fragrances and
other effective substances. This method is widely used in
food industries since it decreases decompositions or
reactions with other food compounds during food safety imp-
roveements and controlled releases of effective compounds
[9].

Hydrocolloids such as maltodextrin, Arabic gum and
sodium gelatin caseinate have been used as coating materials

for effective compounds. Several studies have verified
protective effects of whey protein compounds, Arabic gum
and maltodextrin on microencapsulation of various bioactive
compounds such as pigments, antioxidants, enzymes and
drugs [10]. Maltodextrin is addressed as a coating material in
various microcoating methods owing to its ability to form
networks. High efficiency of malt coating by maltodextrin,
low viscosity of the solutions produced from this compound,
availability in various molecular weights and its relatively
low price are key advantages of maltodextrin in coating of
effective materials. Arabic gum is also a commonly used
coating in microencapsulation of susceptible compounds
(e.g., carotenoids) due to its emulsifying characteristics.
Each compound includes unique characteristics in aqueous
solutions and special behaviors during microcoating by spray
dryer. Akhavan Mahdavi et al. used a microencapsulation
method to coat anthocyanins with maltodextrin, Arabic gum
and gelatin. The major reason included that these compounds
enclosed their cavities for the protection from environmental
conditions such as light, heat, moisture and oxygen, which
could increase shelf lives of the products and control releases
of the encapsulated materials [10]. Pournamayati et al.
investigated stability of phycocyanin microcapsules using
maltodextrin and kappa carrageenan as coating materials. In
the highlighted study, spray drying method was used at
various inlet temperatures [11]. Novelty of the current study
included use of copigments to increase stability of the
phycocyanin pigments against environmental conditions
(temperature, light and pH). The major aims of this study
were to assess stability of phycocyanin in various treatments
with copigments, to achieve appropriate compositions and
concentrations of these compounds, to coat the compounds
with maltodextrin and Arabic gum and to assess other
characteristics (e.g., moisture, microscopic structure, particle
size) of the powdered pigments in various treatments.

2. Materials and Methods

2.1. Preparation of the Phycocyanin Pigment

Food grade phycocyanin pigments extracted from Spirul-
ina platensis microalgae were perchased as freeze-dried
powder (A620/280=0.8) from the Industrial Biotechnology
Research Institute, Academic Center for Education, Culture
and Research (ACECR) Mashhad, Iran.

2.2. Copigmentation of Phycocyanin with Polyphenolic
Compounds

Phycocyanin at the concentration of 500 mgl* was
separately dissolved in buffer solutions at pH 3, 5 and 7.
Tannic acid, rosmarinic acid and gallic acid (0, 75, 150, 225
and 300 mgl) were separately added to the phycocyanin
solution at each pH and mixed well to form complexex.
Then, vials were tightly closed and stored in rows under a
completely controlled environment with distances of 30 cm
from the light source; therefore, samples were exposed to
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7,000 Imm2 light. Changes in color intensity during the
incubation were measured through maximum absorption
using spectrophotometer (Biotech, Germany) [12].

2.3. Pigment Stability of the Copigmented Phycocyanin

Changes in color intensity in each treatment were
assessed for 14 d (2-d intervals). Pigment stability was
assessed by calculating the absorption:reduction ratio at the
maximum absorption wavelength of phycocyanin (620 nm)
using spectrophotometer (Biotech, Germany).

2.4. Phycocyanin Encapsulation in various Treatments
with Tannic Acid and Wall Compounds

2.4.1. Phycocyanin Copigmentation with Tannic Acid

As shown in Fig. 1, treatment containing tannic acid
included the lowest decrease in phycocyanin absorption over
the time. Therefore, this was selected for further experi-
ments. At this stage, phycocyanin was dissolved in buffer
solution at pH 3 with the concentration of 500 mgl. Tannic
acid (75, 100 and 300 mg I') was added to the phycocyanin
solution to form a complex.

2.4. 2. Phycocyanin Encapsulation in various Treatments

Copigmented phycocyanin treatments were coated with
maltodextrin and Arabic gum solution (0.1% w v'*) at various
ratios of maltodextrin to Arabic gum (100:0, 75:25, 50:50,
25:75 and 0:100) and a core-to-wall ratio of 1:10 in five
treatments; hence, proportion of the total solid matter was set
to approximately 10%. To prepare the solution, samples were
homogenized using homogenizer (IKA T25, Germany) to
achieve particles of similar sizes. Prepared solution was dried
using spray dryer (Model 191 B, Buchi, Switzerland) with a
nozzle diameter of 0.5 mm, an inlet temperature of 150 °C
and an outlet temperature of 90 °C [13,14].

2.4.3. Stability of the Spray-dried Phycocyanin Pigments

Changes in pigment uptake intensity in each treatment
were assessed for 14 d (2-d intervals). A phycocyanin
solution was prepared from each treatment (total five) at pH
3 at the concentration of 500 mgl™ and sealed tightly using
special glass vials. Then, vials were stored under a complet-
ely controlled environment at 37 °C in straight rows with
distances of 30 cm from the light source; hence, samples
were exposed to 7,000 Imm-2 light. Pigment stability was
investigated by decreasing ratio of the prepared solution at
the maximum absorption wavelength of phycocyanin (620
nm) according to Helgason (2016) using BioQuest CE2502
Spectrophotometer (Progen Scientific, UK).

2.4.4. Moisture and Water Activity (aw) Assessments

Moisture content of the particles was assessed at 105 °C
using oven. In addition, water activity of the microcapsules
was assessed using aw-Sprint TH500 System (Novasina,
Switzerland) [15].

2.4.5. Microstructure Morphology Assessment Using
SEM

Scanning electron microscope (SEM; Oxford Model 360-
S, UK) was used to assess external microstructure of the
microcapsules and structure of the dried powders [14].

2.4.6. Particle size and Zeta Potential

The mean particle diameter and zeta potential of the
coated phycocyanin pigment and light scattering index were
calculated using special particle measuring device (Model
2000, Malvern Instruments, UK) [14,15].

2.5. Statistical Analysis

Data analysis was carried out using SAS Software v.3
and v.9 (SAS, USA) and one-way analysis of variance
(ANOVA). Differences between the means were compared
at Tokay’s levels using Tokay Software (Tokay, USA)
(p<0.01).

3. Results and Discussion

3.1. Assessment of the Most Appropriate Compound for
Copigmentation

As seen in Fig. 1, optical absorption of the phycocyanin
solution containing the three copigments decreased within 14
d of storage. Sample containing tannic acid included the
highest pigment optical absorption and sample with no
copigment combination (control) included the lowest pigm-
ent optical absorption. Therefore, it could be concluded that
phycocyanin solutions containing tannic acid included the
highest resistance to deteriorative environmental factors.

Based on the results (Fig. 2), increasing quantities of
various copigments (tannic acid, rosmarinic acid and gallic
acid) in solutions containing phycocyanin increased
absorption of the solutions due to the increased resistance of
the phycocyanin solution. Moreover, resistance was higher
in tannic acid than rosmarinic acid and higher in rosmarinic
acid than gallic acid. At various concentrations of these
compounds, the least significant decrease in pigment uptake
was seen at the concentration of 300 mgl* and the most
significant decrease in pigment uptake was observed at the
concentration of 75 mgl? with polyphenolic compounds
(each of the three compounds). Findings demonstrated that
the phycocyanin pigment solutions containing higher
quantities of copigments were further stable (Fig. 3).

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 229



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Reza Karazhyan, et al

04 r
035
03 f
0.25 |
02 f
0.15 |

01 f
0.05 |

absorbance (nm)

-
£
-
-

—@—gallic acid rosmarinic acid tannic acid  —®-—phycocyanin

time (day)

Figure 1. Absorption curves of the phycocyanin solution with various copigments during storage
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Figure 2. Effects of copigment concentrations on absorption of phycocyanin solutions during storage
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Significantly, solutions containing copigments were
further resistant with higher concentrations of these
compounds. Concentration of the copigments affected color
stability and increased concentrations of copigments impro-
ved stability of the pigment solutions. Results of the present
study revealed that intensity of pigmentation depended on
molar concentrations of the compounds [16].

As seen in Fig. 4, results of phycocyanin copigmentation
with three polyphenolic compounds at various pH showed
the highest adsorption of the copigmented phycocyanin
solution in tannic acid treatment at various pH, while the
gallic acid treatment represented the lowest adsorption. At
various pH, adsorption was significantly different between
the three copigments, while adsorption decreased during
storage.

Based on Table 1, the maximum absorption (600-605
nm) in the rosrmarinic acid and tannic acid treatments did
not change significantly during the shelf life of the samples,
while the maximum absorption changed in solutions
containing gallic acid to 565 and 450 nm on Days 4 and 10,
respectively (the bathochromic effect).

In the current study, use of organic acids and the
subsequent changes in pH caused changes in the half-life of
anthocyanins from cabernet sauvignon (Vitis vinifera L.)
grape crude extracts. Increased half-life (i) of anthocyanins
was seen with red color appearance after addition of tannic

04 r

acid and gallic acid in assessment of pH. However, the exact
mechanism of copigmentation is unknown. In some
pigments, copigmentation can preserve C-2 chromophore in
the pyranic ring from a hydrophilic attack, often resulting in
discoloration. Moreover, addition of tannic acid resulted in a
longest half-life of the anthocyanin solutions (2,585 h) and
therefore increased their stability [17]. Copigmentation
becomes more efficient with increasing concentration of the
copigments or anthocyanins, which increases exposure of
anthocyanin and copigment structures. In a study, Clement et
al. investigated effects of increased concentration of caffeic
acid copigment on copigmentation of anthocyanins in grape
wastes, reporting that increased concentration of the
copigments linked to the crude extract led to higher
absorption rates [18]. In fact, increasing concentration of
anthocyanins was associated to increased possibility of
accumulations between the anthocyanin molecules, which
increased their stability and absorption. In contrast,
increasing concentration of the copigment created a complex
between the copigment and anthocyanin, which further
increased their stability and absorption.
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Figure 4. Effects of various pH on absorption of phycocyanin solutions containing copigments during storage
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Table 1. Maximum absorption (nm) in copigments at

various pH during storage

Days
Phycocyanin pH 1 4 7 10 14
(control) 3 620 450 450 450 450
5 620 450 450 450 450
7 620 450 450 450 450
Gallic Acid 3 600 565 565 450 450
5 600 565 565 450 450
7 600 565 565 450 450
Rosmarinic 3 605 605 605 605 605
Acid 5 605 605 605 605 605
7 605 605 605 605 605
Tannic Acid 3 605 605 605 600 600
5 605 605 605 600 600
7 605 605 605 600 600

Copigmented anthocyanins are degraded to lesser degrees
than anthocyanins alone. Through the formed complex,
copigmentation prevents breakdown of the anthocyanin
bonds that are exposed to light and stability of anthocyanins
increases against light radiation by addition of the
copigment. Davies and Mazza (1993) suggested that
copigmentation of anthocyanins with chlorogenic acid,
caffeic acid and rutin was higher at pH 3.3-3.6, where
anthocyanins majorly included colorless hemiacetals formed
due to the hydration of flavylium cations [16,18]. In
beverages with no copigments, findings showed that the

chroma for beverages colored with purple carrots was
significantly higher, compared to Sambucus peruviana (SP)
and S. nigra after 8 w [19]. In absence of copigments, half-
lives of the chroma of the model beverages colored with S.
peruviana and S. nigra were similar (23 w); however, they
were less than the half-lives of beverages colored with
acylated anthocyanin from phycocyanins (26 w). Copig-
mentation of non-acylated antocyanins with ferulic acid has
been reported to significantly decrease rates of the chroma
destruction (p<0.01), thereby increasing their half-life from
23 to 49 w with S. peruviana and from 23 to 55 w with S.
nigra [20].

3.2. Assessment of Stability of the Spray-dried
Phycocyanin

Table 2 shows comparison of the mean proportions of
adsorption losses after 14 d of storage. Accordingly, Sample
11 included the highest strength and stability under storage
conditions, which decreased by 11.35% of the initial
absorption of the sample after 14 d of storage.

In tortal, three types of changes were observed in the current
study. In the first group, storage time increased, thereby
leading to steady increases in the proportion of absorption
losses at constant rates. The second group showed relatively
sharp absorption losses on Day 1. Nevertheless, absorption
decreased further at constant lower rates, compared to other
samples. In the third group, absorption losses increased
within the first few days of storage at constant rates followed
by a steady state; in which, absorption of the samples was
relatively constant.

Table 2. Proportions of the adsorption decreses in phycocyanin pigment samples spray-dried with various ratios of tannic

acid, maltodextrin and Arabic gum

Sample Tannic Acid Maltodextrin Pigment Absorption Percentage of Loss
(ppm) Arabic gum Day 1 Day 7 Day 14

1 75 100:00 3.1+0.02¢" 7.21+0.248 14.1+0.27AF
2 75 75:25 12.1+0.22¢2 18.3+0.32B¢ 22.1+0.417d
3 75 50:50 4.7+0.26° 12.2+0.2489 14.2+0.32A
4 75 25:75 10.3+0.16> 30.1+0.408¢ 49.8+1.034¢
5 75 0:100 10.5+0.328° 68.2+0.327% 70.4+0.3272
6 100 100:00 2.240.20¢" 6.21+0.368 12.5+0.3649
7 100 75:25 10.1+0.31¢» 16.2+0.245¢f 20.1+0.647d
8 100 50:50 3.60.24%9 10.2+0.578h 12.5+0.2749
9 100 25:75 7.2+0.24% 26.1+0.148d 47.2+0.43¢
10 100 0:100 7.4+0.16% 61.1+1,5280 66.2+0.06"°
11 300 100:00 1.49+0.06C 5.5+0.408 11.35+0.25%9
12 300 75:25 8.3+0.24C¢ 14.2+0.485 18.1+0.23%¢
13 300 50:50 2.4+0.24C 9.2+0.168" 11.6+0.3249
14 300 25:75 6.3+0.32C¢ 24.2+0.2484 45.142.24A¢
15 300 0:100 7.9+0.408¢ 60.1+0.35"° 64.6+2.8270

Different lower-case letters in each column indicate a significant difference between data. Different uppercase letters in each row indicate a significant

difference between treatments (p < 0.01).
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Accordingly, these samples were expected to include the
highest stability in the final products during the storage. Due
to the lower proportion losses, Sample 11 could be a viable
option for use in beverage formulation.

3.3. Moisture and aw Assessments of the Spray-dried
Phycocyanin Pigments

Technically, type of the wall materials affects the final
moisture contents of powdered pigments. Table 3 shows that
moisture contents of the samples with Arabic gum were
higher since Arabic gum included several heteropo-
lysaccharide components with branched structures as well as
hydrophilic groups, which led to its binding to water
molecules and prevented exit of these molecules [21].

Moreover, findings showed that types of the wall
materials affected physicochemical characteristics of the
produced microcapsules [9]. Moisture contents of the
microcapsules prepared with maltodextrin and a mixture of
maltodextrin and Arabic gum were estimated as 4.4 and
3.52%, respectively. This difference might be due to the
number of water-binding groups in maltodextrin and Arabic
gum molecules, resulting in differences in moisture contents
of the powdered samples.

3.5. Morphology Assessment of the Spray-dried Coated
Pigments Using SEM

Comparison of the results showed that types of the wall
materials affected structure morphology of the micro-
capsules. Samples included spherical shapes of maltodextrin,
smoother surfaces and fewer wrinkles, compared to
microcappsules composed of Arabic gum. In addition,
microcapsules prepared with a mixture of maltodextrin and
Arabic gum included smooth surfaces that were not uniform,
as well as minimum density and depression on the surfaces.
Furthermore, these microcapsules included more pores and
were larger and better distributed. Wrinkles were due to the
mechanical stresses caused by the movement of moisture on
surfacse of the droplets during non-uniform drying. Reason
for the serrated surfaces of microcapsules is their contra-
ctions when drying in the spray chamber was due to the rapid
evaporation of water. Numbers of this shrinkage varied
depending on compositions of the walls [13,22].

In a study, Hojjati reported that microcapsules of Arabic
gum included serrated surfaces. These microcapsules were
almost spherical, including small cracks and fissures on their
surfaces. In the highlighted study, structure of the microcap-
sules showed that the samples prepared with maltodextrin
included larger particle sizes [13]. Characteristics of similar
shapes were also reported by Santana et al., who carried out
microencapsulation of jussara fruit pulps with Arabic gum,
modified starch and whey protein concentrates [22]. In
another study, Pang et al. reported that increasd maltodextrin
concentration resulted in production of particles with further
softer regular surfaces [23]. Figure 5 demonstrates SEM
images of the phycocyanin microcapsules. As seen in the

figure, most of the phycocyanin microcapsules included
irregular cracked shapes.

3.6. Particle Size and Poly Dispersibility Index

Based on the results of particle size assessment (Table 4),
types and concentrations of the wall materials significantly
affected sizes and specific surface areas of the produced
powders (p<0.01).

Table 3. Moisture and ay, of the spray-dried pigments

Moisture Content

Sample (%) aw

1 4.4+0.16° 75+0.16%

2 3.9+0.20¢ 71+0.65°

3 3.610.20¢ 68+0.81°

4 4.2+0.12% 70+0.16°

5 4.3+0.20° 75+0.40?

6 4.35+0. 24 75+0.40?

7 3.8+0. 24° 70+0.40°

8 3.550. 24¢ 67+0.81°

9 4.1+0. 24° 70+0.16°
10 4.2+0.44% 71+0.65°
11 4.32+0.24° 73.5+0.40%
12 3.76x0.17¢ 68.3+0.16"
13 3.52+0.28¢ 66+0.81°
14 4.05+0.07° 69+0.81°
15 4.12+0.18° 71.8+0.47°

Different lower-case letters in each column indicate a significant
difference between data (p<0.01).

Measurement of microcapsule particles is critical as these
particles affect texture of the foods. Shabanpour reported that
wall materials and microcoating methods significantly
affected sizes, shapes and overall structures of the microcap-
psules [24].

In the current study, sizes of the particles with various
ratios of wall compositions were in the range of 40.1-350.2
nm (p<0.01). Based on the particle size distribution curves,
capsules prepared with various treatments (except Samples 3
and 4) included single peaks, which indicated uniform
particle-size distributions. In addition, poly dispersibility
indices (PDI) of the microcapsules were in the range of
0.314-1.329, which indicated appropriate dispersions of the
particles and particle size homogeneity. Based on the current
findings, higher concentrations of maltodextrin led to the
production of larger particles. This might be associated to the
viscosity of feeds, which increased logarithmically with
higher maltodextrin concentrations. Moreover, the mean
sizes of the liquid droplets distinctly differed from the
viscosity of liquids in the device, which converted elements
into the fine particles at a constant rate. These findings were
similar to those by Renata et al. [25]. Based on a study by
Swetank et al., wall materials and the microcoating
techniques significantly affect sizes, shapes and overall
structures of microcapsules [26].
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In the present study, all experiments included only one
distinct peak with particle diameters of 40.1-350.2 nm.
Furthermore, the mean particle diameters of the encapsulated
phycocyanin powders changed with various wall materials.

10pm Signal A = QBSD
EHT = 20.00kV WD= Bmm Phato No. = 3341

Time :12:58:25

10pm Signal A = QBSD
EHT =20.00 kV WD= gmm Photo No. = 3348

Time :13:07:35

EHL = 50°00 KA
sohw

Date :27 Jul 2020

20um Signal A= QBSD Date :27 Jul 2020
— EHT = 20.00 kV WD= gmm Phata No. = 3366 Time :13:22:17

Date :27 Jul 2020 20pm Signal A= QBSD

MD= 8w

Encapsulated phyco-cyanin powder with a higher

maltodextrin fraction in the wall material mixture included a
larger particle size, while a higher Arabic gum fraction
decreased the particle size (p<0.05).

L
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Figure 5. Microstructure of microcapsules at 2000x magnification. 1) Sample 6, maltodextrin and Arabic gum (100:0); 2)
Sample 7, maltodextrin and Arabic gum (75:25); 3) Sample 8, maltodextrin and Arabic gum (50:50); 4) Sample 9, maltodextrin
and Arabic gum (25:75); and 5) Sample 10, maltodextrin and Arabic gum (0:100)
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Table 4. Particle size and poly dispersibility index in spray-
dried phycocyanin samples

Sample Particle Size (nm) PDI

1 49+0.2b 0.369+ 0.01°
2 328.8+2.19° 1.316+ 0.022
3 41.8+0.2¢ 0.359+ 0.00°
4 449+ 0.5¢ 0.333+0.01¢
5 40.1+£ 0.6° 0.314+ 0.00¢
6 49.85+ 0.31° 0.372+0.00°
7 335.5+0.52 1.312+0.002
8 41.6%0.24 0.365+ 0.00°
9 43.7+ 0.35°¢ 0.337£0.01¢
10 40.5+ 0.5° 0.318+ 0.01¢
11 50.35+ 0.39° 0.384+ 0.00°
12 350.23+ 3.052 1.329+ 0.00?
13 42.26+0.7¢ 0.377+0.00°
14 45.2+0.85¢ 0.344+ 0.00¢
15 41.3+0.35¢ 0.328+ 0.00¢

4. Conclusion

One of the problems with use of phycocyanin pigments
includes their sensitivity to temperature and pH due to their
protein nature. In this study, these pigments were stabilized
via copigmentation, especially in combination with tannic
acid. Results revealed that phycocyanin copigmented with
tannic acid included higher resistances to environmental
changes. To increase resistance of the phycocyanin pigments
to pH, pigments were covered by polymers using spray-
drying method. In this study, maltodextrin and Arabic gum
of various proportions were used to coat the pigments using
spray dryer. Furthermore, the current findings demonstrated
that coated pigments with higher ratios of maltodextrin
included the highest resistance to light and ambient
temperature with larger particle sizes.
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