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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 l-1) 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-1) 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 l 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-1) 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-1 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-1) 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 lmm-2 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-1. Tannic 

acid (75, 100 and 300 mg l-1) 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-1) 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-1 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 lmm-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-1 and the most 

significant decrease in pigment uptake was observed at the 

concentration of 75 mgl-1 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). 
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Figure 1. Absorption curves of the phycocyanin solution with various copigments during storage 

 

 
 

Figure 2. Effects of copigment concentrations on absorption of phycocyanin solutions during storage 

 

  

Figure 3. Absorption curves of phycocyanin solutions containing copigments at various concentrations (mg l1) 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 (t1/2) of anthocyanins 

was seen with red color appearance after addition of tannic 

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. 

 

 

 

 
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 

(control) 

pH 1 4 7 10 14 

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 

Acid 

3 605 605 605 605 605 

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 

(ppm) 

Maltodextrin 

Arabic gum 

Pigment Absorption Percentage of Loss  

Day 1 Day 7 Day 14 

1 75 100:00 3.1±0.02Ch 7.2i±0.24Bi 14.1±0.27Af 

2 75 75:25 12.1±0.22Ca 18.3±0.32Be 22.1±0.41Ad 

3 75 50:50 4.7±0.26Cf 12.2±0.24Bg 14.2±0.32Af 

4 75 25:75 10.3±0.16Cb 30.1±0.40Bc 49.8±1.03Ac 

5 75 0:100 10.5±0.32Bb 68.2±0.32Aa 70.4±0.32Aa 

6 100 100:00 2.2±0.20Ch 6.2i±0.36Bi 12.5±0.36Ag 

7 100 75:25 10.1±0.31Cb 16.2±0.24Bef 20.1±0.64Ad 

8 100 50:50 3.6±0.24Cg 10.2±0.57Bh 12.5±0.27Ag 

9 100 25:75 7.2±0.24Cd 26.1±0.14Bd 47.2±0.43Ac 

10 100 0:100 7.4±0.16Cd 61.1±1.52Bb 66.2±0.06Ab 

11 300 100:00 1.49±0.06Cj 5.5±0.40Bi 11.35±0.25Ag 

12 300 75:25 8.3±0.24Cc 14.2±0.48Bf 18.1±0.23Ae 

13 300 50:50 2.4±0.24Ci 9.2±0.16Bh 11.6±0.32Ag 

14 300 25:75 6.3±0.32Ce 24.2±0.24Bd 45.1±2.24Ac 

15 300 0:100 7.9±0.40Bd 60.1±0.35Ab 64.6±2.82Ab 

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 aw of the spray-dried pigments 

Sample 
Moisture Content  

(%) 
aw 

1 4.4±0.16a 75±0.16a 

2 3.9±0.20c 71±0.65b 

3 3.6±0.20d 68±0.81c 

4 4.2±0.12ab 70±0.16b 

5 4.3±0.20a 75±0.40a 

6 4.35±0. 24a 75±0.40a 

7 3.8±0. 24c 70±0.40b 

8 3.55±0. 24d 67±0.81c 

9 4.1±0. 24b 70±0.16b 

10 4.2±0.44ab 71±0.65b 

11 4.32±0.24a 73.5±0.40ab 

12 3.76±0.17cd 68.3±0.16bc 

13 3.52±0.28d 66±0.81c 

14 4.05±0.07b 69±0.81b 

15 4.12±0.18b 71.8±0.47b 

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. 

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). 

 

  

  

 
 

Figure 5. Microstructure of microcapsules at 2000× 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± 0.01b 

2 328.8± 2.19a 1.316± 0.02a 

3 41.8± 0.2d 0.359± 0.00b 

4 44.9± 0.5c 0.333± 0.01c 

5 40.1± 0.6e 0.314± 0.00d 

6 49.85± 0.31b 0.372± 0.00b 

7 335.5± 0.5a 1.312± 0.00a 

8 41.6± 0.2d 0.365± 0.00b 

9 43.7± 0.35c 0.337± 0.01c 

10 40.5± 0.5e 0.318± 0.01d 

11 50.35± 0.39b 0.384± 0.00b 

12 350.23± 3.05a 1.329± 0.00a 

13 42.26± 0.7d 0.377± 0.00b 

14 45.2±0.85c 0.344± 0.00c 

15 41.3±0.35e 0.328± 0.00d 

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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 یرولینااسپ استخراج شده از یکوسیانینرنگدانه ف یداریبر پا یگمانتاسیونکوپ یرتاث یبررس

 یتوسط خشک کن پاشش یسپلاتنس
 2یاطیاحت احمد ،1ینوشهر گرد نجمه ،1یعامر میمر ،*1انیکاراژ رضا

 رانیا مشهد، رضوى، خراسان دانشگاهى جهاد ،یصنعت یوتکنولوژیب پژوهشکده ها،سمیکروارگانیم یصنعت یوتکنولوژیب گروه -1

 ایران مشهد، رضوى، خراسان دانشگاهى جهاد غذایی، مواد فناورى و علوم پژوهشکده غذایی، مواد ایمنی و کیفیت پژوهشی گروه -2

 ریخچه مقالهتا

 2022 می 1 دریافت

 2022 می 5داوری 

 2022می  9پذیرش

  چکیده 

و  شوداستخراج می یسپلاتنس یرولیناجلبک اسی  ای آبی رنگی اسیت که ا   دانهرنگ فیکوسییانی   سااققه   دد:  

 ی ا هدف ا  باشد.یی، غذا یعا  جمله صنا گوناگون، یعدر صنا یسینتز  یهارنگ یبرابسییار خوبی   یگزی تواند جایم

 یم یشاشی ک  پبه روش خشیک  یکوسییانی  ف هایدانهرنگ یداریپا بر یگمانتاسییون روش کوپاثرات  یابیار  یقتحق

 باشد.

 یباتترکتهیه شییدند. سیی س،  (7و  3 ،5) pH( در سییه mgl500-1) فیکوسیییانی های آبی محلول ا مواد   ر ش د

( mgl-1 300و 225، 150، 75، 0) گوناگون یهابا نسییبت یداسیی یگالیکد ید،اسیی یکتان ید،اسیی ینیکر مار فنولییپل

 اب ایاستوانه ظروف به دانهرنگ حاوی هایمحلول .اضیافه شید  به محلول آبی  یمرکوپل عنوان_به صیورت جداگانه _به

 رنگ تغییرات قرار داده شییدند .محیط دمای و lmm 7000-2شییدت با نوری منبع برابر در منتقل و یکسییان ابعاد

 وپیگمنت( ک|)بهتری  کوپلیمر تانیک اسید توسط فیکوسیانی  دانهرنگ محلول. شد بررسی رو  11 با ۀ طی هامحلول

 و 25:75، 50:50، 75:25، 100:0 مالتودکستری : عربی صم )ی هانسبت در عربی صیم   و مالتودکسیتری   با و شید 

 کردن خشک برای پاششی ک  خشک ا . انجام شد 10:1 دیواره به هسته نسبت ریزپوشانی بامخلوط شدند. ( 0:100

با ار یابی نسبت کاهش جذب در حداکثر رو   11خشک شده به مدت  ودانه پوشش دار رنگ پودر پایداری و استفاده

 انجام شد. طیف سنجی ماورای بنفش و مریی توسط ( nm 020طول موج جذب فیکوسیانی  )

 بیترکعنوان بهتری  ( بهmgl300-1دسیت آمده، اسیتفاده ا  تانیک اسید )  به جینتابراسیا    گیری   نتیجهدا یافته

 به ربوطم دانهرنگ ماریت  یدارتریپاعلاوه، شیود. به را موجب می  یانیکوسی یفدر  یشیتر یمقاومت ب، کنندهگمنتیکوپ

 پودر های نمونه کهها نشییان داد ( بود. در ارتباط با اندا ه ذرات، یافته100:0و صییم  عربی )  یمالتودکسییتر پوشییش

 ترتیب)به هسییتند برخوردار تری درشییت اندا ه ا  عربی صییم  حاوی هاینمونه با مقایسییه در مالتودکسییتری  حاوی

نانومتر(. همچنی  نتایج نشان داد که فیکوسیانی  کوپیگمنت شده با تانیک اسیدمقاومت بیشتری در  1/10 و 2/350

 برابر تغییرات محیطی دارد و ریزپوشانی با خشک ک  پاششی در افزایش پایداری فیکوسیانی  موثرتر بود.

  .ندارند مقاله ای  انتشار با مرتبط منافعی تعارض نوع هیچ که کنندمی اعلام گاننویسند تعارض منافع 
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