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Abstract
 

Phycocyanin is a blue-green colored phycobiliprotein present in Arthrospira 

platensis and has antioxidant properties. Due to its sensitivity to pH, temperature, 

light, oxygen, and moisture, its protection often involves microencapsulation 

through spray drying. This process allows it to be rapidly entrapped within the 

microcapsule coating material, composed of gum arabic, maltodextrin, and 

whey protein isolate. This study aims to determine the optimal combination 

concentrations of these components to optimize encapsulation performance. 

Optimization used the Minitab application with Response Surface Methodology 

and a Central Composite Design. The independent variables were the 

concentrations (%) of gum arabic, maltodextrin, and whey protein isolate. The 

response variables included yield, phycocyanin content, antioxidant activity, 

encapsulation e൶ciency, phycocyanin retention, solubility, and particle size. 
Scanning electron microscopy was utilized for the morphological analysis of 

the optimized microcapsules. Minitab analysis recommended 20 potentially 

optimized solutions, with the highest desirability value of 0.7656. The selected 

optimal formula consisted of 8.3% gum arabic, 11.7% maltodextrin, and 

5.2% whey protein isolate. Its predicted response values were yield 75.30%, 

phycocyanin content 4.55%, antioxidant activity 48.87%, encapsulation 

e൶ciency 98.98%, phycocyanin retention 68.57%, solubility 95.15%, and 
particle size 212.73 nm. Validation results con¿rmed a yield of 81.45%, 
phycocyanin content of 3.60%, antioxidant activity of 52.36%, encapsulation 

e൶ciency of 94.48%, phycocyanin retention of 61.88%, and a particle size of 
205.3 nm. These ¿ndings indicate that the proposed solution is e൵ective and 
acceptable.
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Phycocyanin is a blue-green, water-soluble 

phycobiliprotein derived from Arthrospira platensis, 

widely known for its antioxidant activity and thera-

peutic potential (Ashaolu et al., 2021). The blue color 

is produced by a chromophore called phycocyanobilin, 

which binds to proteins via thioether bonds (Jaeschke 

et al., 2021). Its antioxidant properties primarily de-

rive from phycocyanobilin, an open-chain tetrapyrrole 

chromophore bound to the protein via thioether bonds 

(Yuan et al., 2022). Phycocyanin has been used to treat 

various diseases, including inÀammation and cancer 
caused by oxidative stress (Adjali et al., 2022; Nege 

et al., 2020). It is usually used as a natural colorant 

in foods, cosmetics, and as a synthetic coloring agent 

because it is nontoxic and noncarcinogenic. However, 

its stability during processing and in the ¿nal product 
is a concern for the entire food industry as it is a lim-

iting factor in its applicability (García et al., 2021). 

Despite its biofunctional bene¿ts, phycocyanin’s ap-

plication is limited due to its sensitivity to heat, pH, 

light, and oxidation, which accelerates its degradation. 

It easily degrades, resulting in color fading and a loss 

of antioxidant capacity during processing and storage, 

thereby reducing the quality of products (Adjali et al., 

2022; Ribeiro and Veloso, 2021; Munawaroh et al., 

2020). Microencapsulation has emerged as an e൵ec-

tive strategy to enhance the stability of phycocyanin 

against environmental stressors, thus extending its 

applicability in food and pharmaceutical formulations 

(Pan-utai and Iamtham, 2020).

Microencapsulation is a micro-sized packag-

ing technology for core materials that are wrapped in 

a polymer layer (Li et al., 2022). It can protect the 

bility of bioactive compounds, and increase product 

shelf life (Ribeiro and Veloso, 2021). Spray drying 

encapsulation is often used because of its simple op-

eration, high speed, and low cost (Samborska et al., 

2021). The selection of wall materials is based on the 

characteristics of the core material, such as emulsify-

ing, solubility, and ¿lm-forming properties (Petkova 

et al., 2022). The most commonly used wall materials 

for spray drying are carbohydrate- and protein-based 

(Petkova et al., 2022). These are selected based on the 

characteristics needed to meet the expected quality of 

the ¿nal product. Carbohydrate-based wall materials 
are most commonly used due to their abundance, low 

cost, biodegradability, and biocompatibility (Ribeiro 

et al., 2020). They can form a barrier or layer that 

protects the core material from oxygen. In addition, a 

layer of this wall material forms on the microcapsule 

surface during drying, preventing heat transfer toward 

the droplet core due to its high glass transition tem-

perature (İlter et al., 2021).

Maltodextrin (MD) and Gum Arabic (GA) are 

the most widely used carbohydrate-based wall materi-

als. GA is very e൵ective due to its excellent ¿lm-form-

ing ability, stable emulsion formation, and plasticity 

that prevents cracking (Al¿onita et al., 2022; Ribeiro 

et al., 2020). MD has a relatively low cost, high hy-

groscopicity and solubility, low viscosity, and good 

protection against oxidation. However, due to its low 

emulsifying capacity (Kang et al., 2019), it performs 

better when mixed with other wall materials that can 

form a stable emulsion, such as GA and whey protein 

isolate (WPI). Kurniasari et al. (2025) reported that 

MD alone produces lower encapsulation e൶ciency 
than a combination of MD & GA. According to Bay-

san et al. (2021), a combination of coating materials 

is preferred for suitable encapsulation, desired powder 

properties, and high microencapsulation e൶ciency.

The e൵ective coating of the core material 
is inÀuenced by the encapsulation e൶ciency (Rep-

ka et al., 2023). Di൵erent wall materials can a൵ect 
the e൶ciency because they a൵ect the amount of ac-

phycocyanin has various bene¿ts, such as increased 
stability, environmental protection, and controlled re-

lease (Li et al., 2022). Although binary combinations 

of wall materials are well-documented, the use of a 

ternary system—combining GA, MD, and WPI—for 

 		   

                      	                     
  JIPK: Scientific Journal of Fisheries and Marine  									                          Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga

1. Introduction   

559

Pebriyanti et al. / JIPK, 17(3):558-576

The interaction of protein-based wall materi-

als or proteins with carbohydrates is applied in fab-

ricating the microcapsule wall material, in which the 

protein fraction functions as an emulsi¿er and a lay-

er-former and carbohydrates as a matrix-forming ma-

terial. The most common combination in spray dry-

ing is WPI with MD or GA (Wangkulangkool et al., 

2023). According to İlter et al. (2021), protein-based 

wall materials are excellent for microencapsulation by 

spray drying because of their high functional quali-

ties. WPI is one of the most commonly utilized wall 

materials, as it has a good emulsi¿cation capacity, in-

creases the antioxidant activity of the bioactive com-

pounds, and forms a ¿lm enveloping the core active 
material, which protects it from destruction by the ex-

ternal environment (Li et al., 2022; Deng et al., 2023). 

Zhang et al., (2021) reported that WPI can enhance 

the storage stability of phycocyanin by encapsulating 

the chromophore in a protein and protecting it from 

oxidative attacks by external free radicals. İlter et al., 

(2021) used a combination of carbohydrate-based wall 

materials (MD & GA) and protein-based wall mate-

rials (WPI & sodium caseinate) in phycocyanin mi-

crocapsules; the best combination was MD and WPI, 

but the encapsulation e൶ciency was higher using the 
combination of GA. 

tive material that can be encapsulated. Encapsulated 

core material from the environment, ensure the sta-



phycocyanin encapsulation remains underexplored. 

Various studies have used such a combination for the 

microencapsulation of turmeric oleoresin, citron ex-

tract, and anthocyanin (Mahdi et al., 2020; Ribeiro et 

al., 2020; Youse¿ et al., 2022). This research aimed 

to determine the e൵ect of a ternary combination of 
carbohydrate-based wall materials (GA & MD) and 

protein-based wall materials (WPI) on phycocyanin 

microcapsules prepared by spray drying. The research 

related to the optimization for the use of three wall 

materials for encapsulation has never been done, so 

in this study, optimization will be carried out using 

Central Composite Design (CCD) based on Response 

Surface Methodology (RSM) to obtain microcapsules 

with optimal response. RSM evaluated the concentra-

tions of GA, MD, and WPI, which will be optimized to 

obtain high yield values, phycocyanin content, antiox-

idant activity, encapsulation e൶ciency, phycocyanin 
retention, solubility, and small particle size. 

2. Materials and Methods

2.1 Material

2.1.1 The equipments

	 The equipment used in this research included 

a spectrophotometer UV-VIS (Optima, Germany), an 

MX-S vortex (DLAB, Beijing, China), a D-500 high 

speed homogenizer (DLAB), a refrigerator (LG), a 

chiller (Modena, Jakarta, Indonesia), a YC-015 spray 

dryer (Shanghai Pilotech Instrument & Equipment Co. 

Ltd., Shanghai, China), a Nanotrac Wave II e. AAS 

and Micrometrix Particle Size Analyzer (PSA) (Mi-

crotrac, PA, USA), and a JSM-6510LA scanning elec-

tron microscope (SEM) (JEOL Ltd. Tokyo, China).

 

 

Independent Variable Level Code Min value (-1) Max value (+1)

Gum Arabic (g) X
1

10 15

Maltodextrin (g) X
2

5 10

Whey protein isolate (g) X
3

4 5

 

2.1.2 The materials

The materials used in this study included Ar-

throspira platensis powder (Algae Biotechnology In-

donesia), maltodextrin (DE 10-12, Qinhuangdao Li-

hua Starch), whey protein isolate (Puro Chari Makmur 

Indonesia), gum arabic (Ingredion, Thailand), distilled 

water, ethanol (Merck, Germany), and DPPH powder 

(Merck, Germany).

2.1.3 Ethical approval

This study does not require ethical approval 

because it does not use experimental animals.

2.2 Method

2.2.1 Extraction of A. platensis phycocyanin

	 Phycocyanin extraction was conducted by dis-

solving 20 g of A. platensis powder in 200 mL of 0.1 

M phosphate bu൵er (pH 7.0), followed by freeze–thaw 
cycles at −20℃ for 24 hours and room temperature 
thawing. This cycle was repeated twice. Next, the 

mixture was centrifuged at 2800x g for 10 min at -4℃. 
The supernatant was ¿ltered, and the phycocyanin ex-

tract was collected into a bottle wrapped in aluminum 

foil and stored in a chiller (Chittapun et al., 2020).

2.2.2 Microencapsulation of Phycocyanin

The required amounts of GA, MD, and WPI 

for each treatment were placed in beaker glass, and 

100 mL of distilled water was added. The mixture was 

stirred at 600 rpm for 30 min at 60℃ until homogene-

ity. It was then cooled to ~45℃ and stored overnight 
in a chiller at 15℃–20℃ (Purba, 2013).

2.2.3 Spray drying

For this, 50 ml of phycocyanin extract were 

mixed with 100 mL of encapsulant solution (1:2 v/v) 

and homogenized at 12,000 rpm for 3 minutes. The 

mixture was then dried using a spray dryer set at inlet 

and outlet temperature of 110°C and 65°C, respective-

ly. The resulting microcapsule powder was stored in 

lightproof plastic in a dry place (Iqbal and Hadiyanto, 

2020; Pan-utai and Iamtham, 2020).

 

 

 

 

 

 

 

 

 

 

2.2.4 CCD

	This study optimized the microencapsulation 

wall materials utilizing RSM and a CCD. The inde-

pendent variables included the concentrations of GA, 

MD, and WPI. The dependent variables (responses) 

were yield, encapsulation e൶ciency, phycocyanin 
concentration, phycocyanin retention, antioxidant 

activity, solubility, particle size, and SEM. A total of 
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20 run-order treatments were conducted. The concen-

tration of GA ranged from 10% to 15% (Adsare and 

Annapure, 2021; Gharibzahedi et al., 2012; Nthimole 

et al., 2022), maltodextrin (MD) ranged from 5% to 

10% (Aminikhah et al., 2023; Mishra et al., 2014; Sa-

blania et al., 2018; Yunilawati et al., 2018), and WPI 

ranged from 4% to 5% (Stănciuc et al., 2018; Zhao 

et al., 2023). The independent variable values at the 

three CCD levels are shown in Table 1.

 

 

 

Formula GA (%) MD (%) WPI (%)

1 12.5 7.5 5.3

2 15 10 5

3 8.3 7.5 4.5

4 12.5 7.5 4.5

5 15 5 4

6 12.5 7.5 4.5

7 15 10 4

8 12.5 3.3 4.5

9 10 10 5

10 12.5 7.5 3.7

11 10 10 4

12 12.5 7.5 4.5

13 15 5 5

14 12.5 11.7 4.5

15 16.7 7.5 4.5

16 12.5 7.5 4.5

17 10 5 5

18 12.5 7.5 4.5

19 12.5 7.5 4.5

20 10 5 4

 

 

 

2.2.5 Microcapsule Characteristic Analysis 

2.2.5.1 Yield

The yield was calculated by comparing the 

weight of the microcapsule powder obtained to the to-

tal weight of the encapsulant and phycocyanin extract, 

then multiplying the result by 100% (Kurniasih et al., 

2018). The yield was determined by applying the fol-

lowing formula:

Yield = MW(g)/(WE(g)+PW(g))  x 100%...............(1)

Where :

MW 	 = Microcapsule Weight

EW 	 = Encapsulant Weight

PW 	 = Phycocyanin Weight (extract). 

2.2.5.2 Phycocyanin content

A total of 40 mg of phycocyanin microcap-

sule powder was diluted in 10 mL of 0.1 M phosphate 

bu൵er (pH 7.0), homogenized, and then the OD
615

 and 

OD
652

 were measured (Pan-utai and Iamtham, 2020; 

Purnamayati et al., 2016). The phycocyanin content 

was then calculated utilizing the following formula:

PC (%) = (A
615nm

-0.474 A
652nm

)/5.34  x 100%...........(2)

Where :

PC		  = Phycocyanin concentration 

0.474 and 5.34	 = Molar absorption coe൶cient of PC 	
                            concentration

A
615

		  = Absorbance value at wavelength (λ) 	
		     615 nm 

A
652

		  = Absorbance value at wavelength (λ) 	
		     652 nm.

2.2.5.3 Antioxidant activity

A 200 µM DPPH solution was prepared by 

dissolving DPPH in 100 mL of ethanol in a volumet-

ric Àask. The solution was homogenized with a vortex 
and stored in an Erlenmeyer Àask wrapped with alu-

minum foil. The microcapsule powder was dissolved 

in ethanol to a ¿nal concentration of 1 mg/mL. To de-

termine the antioxidant activity, 2 mL of the micro-

capsule solution was mixed with 1 mL of the DPPH 

solution and vortexed. The mixture was then incubat-

ed at room temperature for 30 min and the OD
517

 was 

determined using a spectrophotometer (Pan-utai and 

Iamtham, 2020). A blank solution consisting of DPPH 

and ethanol was employed as a reference. The percent-

age of DPPH inhibition (%DPPH) was calculated uti-

lizing the following formula:

Table 2. Formulation design of phycocyanin micro-

capsules using the central composite design (CCD)

Description: GA = Gum Arabic; MD = Maltodextrin; 

WPI = Whey protein isolate.
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%DPPH Scavenging activity = (A
2
-A

1
)/A

2  
x 100%.(3)

Where :

A
1
 = sample absorbance 

A
2
 = absorbance of blank

 

 

Formula Yield (%)
Phycocyanin 

content (%)

Antioxidant 

activity (%)

Solubility 

(%)

Encapsulation 
E൶ciency (%)

Retention of 

Phycocyanin (%)

Particle 

Size (nm)

1 83.98 3.94 54.42 93.49 97.67 62.95 350.0

2 83.47 3.10 60.71 93.42 99.35 86.03 294.5

3 87.12 3.98 46.49 94.06 95.54 79.88 204.6

4 71.22 3.38 55.89 91.28 92.23 71.34 232.7

5 80.59 4.51 55.37 91.46 97.73 73.39 233.7

6 63.62 3.65 58.88 92.11 96.76 72.40 257.4

7 61.44 3.11 49.72 93.89 99.27 84.04 274.6

8 83.76 4.46 48.24 87.58 91.41 86.3 250.3

9 62.97 3.61 50.19 93.58 98.1 71.95 273.2

10 72.32 4.06 47.67 89.33 97.53 70.94 223.7

11 82.17 3.87 48.98 90.95 96.82 74.75 224.8

12 75.31 3.39 56.51 93.22 95.82 74.98 297.8

13 87.31 3.36 47.04 88.4 93.14 64.45 286.5

14 74.27 3.33 52.08 93.56 97.25 64.95 250.9

15 73.11 3.40 49.31 89.96 90.56 64.61 262.6

16 77.78 3.64 56.29 92.91 96.49 72.74 305.0

17 76.22 4.55 40.00 91.6 95.58 89.14 363.0

18 73.33 3.55 50.65 94.29 99.26 73.87 276.0

19 71.94 3.50 51.11 94.1 98.4 62.85 284.8

20 74.41 4.08 46.44 88.74 98.11 74.62 248.4

 

 

2.2.5.4 Encapsulation e৽ciency 

To evaluate the e൶ciency of phycocyanin mi-
croencapsulation, the total and surface phycocyanin 

contents of the microcapsules were ascertained em-

ploying a method reported by Laokuldilok and Kanha 

(2017) and Pan-utai and Iamtham (2020) with mod-

i¿cations. For total phycocyanin determination, 100 

mg of the sample was dissolved in 10 mL of distilled 

water and homogenized with a vortex for 3 min. The 

resulting mixture was centrifuged at 13,500 rpm and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

25℃ for 5 min. The clear supernatant was collected 
and ¿ltered through a 0.45 mm membrane (Millipore, 
MA, USA) to ascertain the phycocyanin concentra-

tion.

To determine the surface phycocyanin, 100 

Table 3. Analysis results of the phycocyanin microcapsule parameters
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mg of the sample was extracted with 10 mL of 95% 

(v/v) aqueous ethanol solution. The mixture was ho-

mogenized with a vortex for 1 min, then centrifuged at 

10,000 rpm and 25℃ for 10 min. After phase separa-

tion, the clear supernatant was ¿ltered through a 0.45 
mm pore-size membrane (Millipore), and the surface 

phycocyanin was measured by absorbance. The mi-

croencapsulation e൶ciency was calculated by apply-

ing the following equation:

EE =  (TP-SP)/TP x 100%.......................................(4)

Where : 

EE = Encapsulation e൶ciency

TP = Total Phycocyanin

SP = Surface Phycocyanin

 

 

Response Model Math
Significant 

(p<0.05)

Lack-
of-Fit 

(p<0.05)

R2

Yield Quadratic

Y
1
 = 353 – 19.85 X

1
 + 0.98 X

2
 – 81.7 X

3
+ 0.260 

X
1
*X

1
 + 0.211 X

2
*X

2
 + 4.76 X

3
*X

3
- 0.319 

X
1
*X

2
 + 3.58 X

1
*X

3
 – 0.17 X

2
*X

3 
 

0.355 0.068 0.5338

Phycocyanin 

content
Quadratic

Y=13.01 + 0.454 X
1
 – 0.460 X

2
 – 4.07 X

3
 

+ 0.0060 X
1
*X

1
 + 0.0176 X

2
*X

2
 + 0.589 X

3
*X

3
 

– 0.0102 X
1
*X

2
 – 0.1370 X

1
*X

3
 + 0.0410 X

2
*X

3  

0.355 0.068 0.8411

Antioxidant 

activity
Quadratic

Y=-19 + 7.62 X
1
- 6.36 X

2
 + 16.9 X

3
 

– 0.381 X
1
*X

1
 – 0.253 X

2
*X

2
 – 5.08 X

3
*X

3
 

– 0.094 X
1
*X

2
 + 0.789 X

1
*X

3
 + 2.697 X

2
*X

3 
 

0.036 0.424 0.7512

Encapsulation 

e൶ciency Quadratic

Y=172.8 + 3.15 X
1
 – 4.25 X

2
 – 35.1 X

3
 

– 0.115 X
1
*X

1
 – 0.043 X

2
*X

2
 + 3.56 X

3
*X

3 

+ 0.130 X
1
*X

2
 – 0.326 X

1
*X

3
 + 0.848 X

2
*X

3

0.340 0.508 0.5406

Phycocyanin 

retention
Quadratic

Y=-170 + 6.24 X
1
 + 0.17 X

2
 + 98.4 X

3
 

+ 0.081 X
1
X

1 
+ 0.153 X

2
*X

2
 – 6.42 X

3
*X

3
 

+ 0.137 X
1
*X

2
- 2.56 X

1
*X

3
 – 1.37 X

2
*X

3

0.015 0.520 0.7979

Solubility Quadratic

Y = -7.4 + 4.58 X
1
 + 0.67 X

2 
+ 28.8 X

3
 

– 0.0459 X
1
*X

1
 – 0.1273 X

2
*X

2
 – 1.99 X

3
*X

3
 

+ 0.0652 X
1
*X

2
 – 0.902 X

1
*X

3
 + 0.236 X

2
*X

3

0.023 0.258 0.7766

Particle size Quadratic

Y = -242 + 62X
1
 + 13.8 X

2
- 34 X

3
 

– 1.74 X
1
*X

1 
– 0.78 X

2
*X

2
 + 31.9 X

3
*X

3 

+ 3.25 X
1
*X

2
- 9.03 X

1
*X

3
 – 9.91 X

2
*X

3 

0.020 0.576 0.7847

 

 

2.2.5.5 Phycocyanin retention 

Phycocyanin retention is de¿ned as the ratio 
of the phycocyanin content in the microcapsules af-

ter spray drying to the initial phycocyanin content in 

the extract before microencapsulation (Faieta et al., 

2020). Phycocyanin retention was calculated utilizing 

the following formula:

PR =  PT/PE x 100%...............................................(5)

Where :

PT = Phycocyanin Total

PE = Phycocyanin extract

 

2.2.5.6 Solubility  

Solubility identi¿cation followed the method 
described by İlter et al. (2021). A 1 g sample of the 

microcapsule powder was dissolved in 25 mL of dis-

tilled water and homogenized with a magnetic stirrer  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

for 30 min at room temperature. The solution was then 

centrifuged at 3,000 rpm for 5 min. The supernatant 

was transferred to a preweighed container and dried 

in an oven at 105℃ for 5 h until constant weight. The 
weight of the dried sample plus the container was then 

Table 4. Model analysis of the response/parameters of phycocyanin microcapsules
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Figure 1. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate and (c) the yield parameter response.

Surface Plot of Yield vs Maltodextrin; 
Gum arabic

Surface Plot of Yield vs Whey protein isolate; 
Gum arabic

Surface Plot of Yield vs Maltodextrin;  
Whey protein isolate

Yield Yield
Yield

Gum arabic Gum arabic Whey protein isolate
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Figure 2. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate and (c) the response parameter of phycocyanin content.
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Figure 3. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate (c) of the response parameter of  antioxidant activity.
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Figure 4. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate and (c) the response parameter of encapsulation e൶ciency.

Figure 5. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate (c) response parameters of phycocyanin retention.
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Figure 6. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate (c) of the solubility parameter response.

Surface Plot of Solubility vs Maltodextrin; 
Gum arabic

Maltodextrin

Gum arabic

Solubility

Gum arabic

Whey protein 

isolate

Solubility

Hold Values

Whey protein isolate 4.5 

Hold Values

Maltodextrin 7.5 

Whey protein 

isolate

Antioxidant

Activity

Hold Values

Gum arabic 12.5 

Surface Plot of Antioxidant Activity vs 
Whey protein isolate; Maltodextrin

Surface Plot of Encapsulation E�ciency 
vs Maltodextrin; Gum arabic

Gum arabic

Maltodextrin

Encapsulation 

E൶ciency

Hold Values

Whey protein isolate 4.5 

Hold Values

Maltodextrin 7.5 

Surface Plot of Encapsulation E�ciency 
vs Whey protein isolate; Gum arabic

Whey protein 

isolate

Gum arabic

Encapsulation 

E൶ciency

Whey protein 

isolate

Maltodextrin

Encapsulation 

E൶ciency

Surface Plot of Encapsulation E�ciency 
vs Whey protein isolate; Maltodextrin

Hold Values

Gum arabic 12.5 

Surface Plot of Solubility vs Whey protein 
isolate; Gum arabic

Maltodextrin

 		   

                      	                     

Pebriyanti et al. / JIPK, 17(3):-

  JIPK: Scientific Journal of Fisheries and Marine  									                          Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga565



2.2.5.7 Particle size

Particle size was analyzed following the meth-

od of Liang et al. (2013) using a PSA. A total of  0.01 

g sample of the microcapsule powder was diluted in 

5 mL of distilled water, and a portion of this solution 

was transferred into a tube with a maximum length of 

15 mm. The data were displayed on a computer screen.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

recorded. The powder solubility was calculated em-

ploying the following formula:

Solubility =  DS/SP x 100%.....................................(6)

Where :

DS = Dried Supernatant

SP = Sample Powder

 

 

Response

Optimum formula

Prediction Verification STDEV

95% 95%

Confidence level Predict level

Low/low High Low/low High/high

Yield (%) 75.30 81.45 4.3494 46.1 104.5 42.4 108.2

Phycocyanin content (%) 4.55 3.60 0.6718 3.518 5.591 3.385 5.723

Antioxidant activity (%) 48.87 52.36 2.4713 34.19 63.54 32.31 65.42

Encapsulation e൶ciency (%) 98.98 94.48 3.1784 88.57 109.38 87.23 110.72

Phycocyanin retention (%) 68.57 61.88 4.7320 47.77 89.37 45.11 92.03

Solubility (%) 95.19 93.38 1.2827 89.30 101.08 88.54 101.83

Particle size (nm) 212.73 205.3 5.2538 102.8 322.7 88.7 336.8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Response veri¿cation of the optimum formulation for phycocyanin microcapsules
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Figure 7. Surface plot of gum arabic, maltodextrin (a); gum arabic, whey protein isolate (b); maltodextrin, whey 

protein isolate and (c) the response parameter of particle size.

Surface Plot of Particle Size vs Whey protein 
isolate; Gum arabic

                   

	    

JIPK Vol 17 No 3. October 2025  | Response Surface Methodology for Optimizing the Concentration of Gum Arabic... 

JIPK: Scientific Journal of Fisheries and Marine                  Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga 566



2.2.5.8 Scanning electron microscopy (SEM)

Particle morphology was observed using SEM 

according to the method of Ho et al. (2021). The mi-

crocapsule powder samples were evenly distributed on 

the aluminum stubs and coated with gold using an Ion 

Sputter Coater (Hitachi, Tokyo, Japan). The gold-coat-

ed samples were then examined using a SU3500 SEM 

(Hitachi, Japan) at 1,000x; 5,000x; and 10,000x.

2.3 Analysis Data

This research employed the CCD method of 

the RSM to optimize the combination variables (GA, 

MD, and WPI). The microcapsule characteristics (re-

sponse) analyzed were yield, phycocyanin content, 

antioxidant activity (Pan-utai and Iamtham, 2020), en-

capsulation e൶ciency (Laokuldilok and Kanha 2017; 

Pan-utai and Iamtham, 2020), encapsulation e൶ciency 
(Laokuldilok and Kanha 2017; Pan-utai and Iamtham,  

2020), phycocyanin retention (Faieta et al., 2020), sol-

ubility (İlter et al., 2021), particle size (Liang et al., 

2013). Validation was performed by comparing the 

predicted results generated by the Minitab 21 software 
with the actual analysis results at the optimum point. 

The Minitab 21 software predicts values based on the 

analysis, identifying the optimum conditions.

3. Results and Discussion

3.1 Results

3.1.1 The eৼects of Gum Arabic, Maltodextrin, and 
Whey Protein Isolate combination

	 The e൵ects of GA, MD, and WPI combination 
on the yield, phycocyanin content, antioxidant activ-

ity, encapsulation e൶ciency, phycocyanin retention, 
solubility, and particle size are summarized in Table 

3. The yield ranged from 61.44% to 87.31%, phycocy-

anin content from 3.10% to 4.55%, antioxidant activ-

ity from 40.00% to 60.71%, encapsulation e൶ciency  
from 90.56% to 99.35%, phycocyanin retention from 

62.85% to 89.14%, solubility from 87.58% to 94.29%, 

and the particle size from 204.6 to 363.0 nm. ANO-

VA revealed that the selected model for all responses 

was quadratic. This model indicated that all respons-

es were markedly inÀuenced by GA, MD, and WPI, 
as well as their interactions. The model was signi¿-

cant, with p-values <0.05 for antioxidant activity (p = 

0.036), phycocyanin retention (p = 0.015), solubility 

(p = 0.023), and particle size (p = 0.020). However, 

the model was insigni¿cant (p>0.05) for yield (p = 
0.355), phycocyanin content (p = 0.355), and encapsu-

lation e൶ciency (p = 0.340). The lack-of-¿t F-values 
for all responses had p-values >0.05, including yield 
(p = 0.068), phycocyanin content (p= 0.068), antiox-

idant activity (p = 0.424), encapsulation e൶ciency (p 
= 0.508), phycocyanin retention (p = 0.508); solubil-

ity (p = 0.258), and particle size (p = 0.576). These 

insigni¿cant F-values indicate that the model ¿ts the 
response data well (Purwoto and Christi, 2017).

 

 

 

 

 

 

 

3.1.2 The optimum formula

	 The Minitab program suggested 20 potential 

optimization solutions, from which we selected the op-

timum formula for validation. As shown in Table 3, the 

program predicted the optimum formula would have 

a response of 75.30% for yield, 4.55% for phycocy-

anin content, 48.87% for antioxidant activity, 98.89% 
for encapsulation e൶ciency, 68.57% for phycocyanin 
retention, 95.15% for solubility, and 212.73 nm for 
particle size. A validation of the optimum formula 

resulted in an actual yield of 81.45%, a phycocyanin 

content of 3.60%, an antioxidant activity of 52.36%, 

an encapsulation e൶ciency of 94.48%, a phycocyanin 
retention of 61.88%, and a particle size of 205.3 nm. 

 

3.2 Discussion

3.2.1 Yield

Yield represents the amount of the microcap-
sule product obtained after spray drying. It also in-
dicates the e൵ectiveness of the microencapsulation 

process. The RSM equation used to optimize the con 

centration of the encapsulation materials for the yield 

response is as follows:

Figure 8. Morphology of optimum formulation of 

phycocyanin Microcapsules with central composite 

design.
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3   
Equation (1).

Equation (1) reveals that the yield response 

increases at higher MD concentrations in linear. Qua-

dratic e൵ect of WPI can increase yield and interaction 

between GA and WPI can increase yield. Figure 1 il-

lustrates the surface plot depicting the relationship be-

tween GA, MD, and WPI on the yield response. MD 

has robust binding properties, enabling it to bind to 

more suspensions and enhance yields (Hasna et al., 

2018). It also helps reduce the emulsion’s viscosity. 
Combining MD with GA and WPI facilitates the dry-

ing process. Although GA has a high viscosity, WPI 

stabilizes the emulsion, and together, enhances prod-

uct output. During drying, water molecules from the 

core material and encapsulant evaporate more readily, 

optimizing drying e൶ciency (Purnomo et al., 2014). 

In this study, the yield of phycocyanin micro-

capsules ranged from 61.44% to 87.12%, signi¿cantly 
greater than those made with MD and carrageenan, 

which ranged from 18% to 29% (Purnamayati et al., 

2018). The improvement in yield can be attributed 

to an increase in the glass transition temperature of 

the powder due to the addition of the GA, MD, and 

WPI. These high-molecular-weight materials reduce 

powder stickiness, enhancing the product yield during 

spray drying. A combination of these three encapsu-

lants elevated the yield by >50%, which is consistent 
with previous studies which reported a yield increase 

of ~66.0%–76.6% when utilizing these three for the 

microencapsulation of palm fruit anthocyanins (San-

tana et al., 2016). Additionally, microcapsule yield is 

inÀuenced by factors such as the ratio of core to pro-

tective material; feed solid concentrations; surfactant 

use; feed and drying air Àow rates; and inlet and outlet 
temperatures (Arpagaus et al., 2017).

3.2.2 Phycocyanin content

The phycocyanin content refers to the amount 

of phycocyanin present in all parts of the microcap-

sule. This parameter determines the e൵ectiveness of 
the encapsulation process for retaining phycocyanin 

across di൵erent combinations of GA, MD, and WPI. 

A combination of these encapsulant materials directly 

a൵ects the encapsulation e൶ciency. The RSM equa-

tion for optimizing encapsulant concentrations con-

cerning the phycocyanin content is as follows:

 

 

	Equation (2) shows that the phycocyanin con-

tent response was directly correlated to the GA con-

centration in linear, quadratic e൵ect of WPI can in-

crease phycocyanin content and interaction of MD 

and WPI can increase phycocyanin content. Figure 2 

illustrates the surface plot indicating the relationship 

between GA, MD, and WPI on phycocyanin content. 

GA inclusion in the encapsulant material likely en-

hances phycocyanin retention because it functions as 

an emulsi¿er and ¿lm former (Wyasu and Okereke, 

2012). A thicker, more durable microcapsule wall helps 

trap more phycocyanin. In this study, the phycocyan-

in content was higher than the values reported using 

MD and alginate, which ranged from 0.05% to 2.42% 

(Kurniasih et al., 2018). Dewi et al. (2016) reported 

that phycocyanin microcapsules made with MD and 

carrageenan had phycocyanin contents of ~0.71%–

2.83%. Iqbal and Hadiyanto (2020) suggested that the 

phycocyanin content in microcapsules depends on the 

ratio between the encapsulant and the core material. 

For instance, a higher maltodextrin–phycocyanin ratio 

(1:4) produced a lower phycocyanin content of 0.24%, 

compared to a lower ratio (2:1), which resulted in 

0.86% yield. Furthermore, Purnamayati et al., (2018) 

explained that the inlet temperature also a൵ects the 
phycocyanin concentration. The microcapsules dried 

at an inlet temperature of 90℃ had a phycocyanin 
content of 1.729%, while those dried at 130℃ had a 
lower content of 1.08%.

3.2.3. Antioxidant activity

Antioxidants are compounds that either accept 

or donate electrons, enabling them to prevent the for-

mation of free radicals during oxidation reactions. A 

compound is considered to have antioxidant activity if 

it can donate hydrogen atoms to DPPH free radicals. 

The RSM equation utilized to optimize the encapsu-

lant material concentration for the antioxidant activity 

response is as follows:
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 Equation (3)

 

	 Equation (3) indicates that the antioxidant ac-

tivity was directly proportional to the WPI concentra-

tions in linear, quadratic e൵ect of MD can decrease an-

tioxidant activity and interaction of MD and WPI can 

increase antioxidant activity. Figure 3 illustrates the 

surface plot showing the relationships between GA, 

MD, or WPI on the antioxidant activity. A combina-

tion of these encapsulant materials plays a crucial role 

in maintaining antioxidant stability and preserving 

phycocyanin levels during spray drying (Dewi et al., 
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2016). According to Agustina et al. (2020), elevated 

phycocyanin levels correspond to greater antioxidant 

capacity, enhancing the ability of antioxidants to do-

nate electrons and suppress free radical formation. En-

capsulation provides an additional layer of protection, 

preventing degradation caused by oxygen.

In this study, phycocyanin extract coated with 

a mixture of GA, MD, and WPI yielded antioxidant 

activities ranging from 40.00% to 60.71%, as mea-

sured by the DPPH inhibition method. Zhang et al., 

(2022) found that combining carbohydrates and pro-

teins, such as GA and WPI, enhanced the antioxidant 

activity in Spirulina chlorophyll microcapsules. Such 

an increase can be attributed to the Maillard reac-

tion, which produces melanoidins that contribute to 

the antioxidant properties. The reaction occurs in the 

protein component under high drying temperatures 

(Wang et al., 2011), with melanoidin formation help 

to protect the active ingredients from oxidation and 

thereby improving product stability. Furthermore, the 

WPI’s ability to prevent oxidation is associated with 
its sulfhydryl (-SH) groups, which reduce free radicals 

in spray-dried powders (Gad et al., 2011; Ton et al., 

2016; Premi and Sharma, 2017).

3.2.4 Encapsulation e৽ciency

Encapsulation e൶ciency is a key parameter 
for evaluating the e൵ectivity of the microencapsula-

tion process in trapping or retaining the core materi-

al—phycocyanin extract. It is a crucial indicator of 

microencapsulated particles, contributing to better 

stability and longer shelf life (Timilsena et al., 2020). 

The RSM equation for optimizing the encapsulant 

concentration to improve the encapsulation e൶ciency 
is as follows:

 

 

 

 
 

	 Equation (4) suggests that the encapsulation 

e൶ciency was positively correlated with the GA con-

centration in linear, quadratic e൵ect of WPI can in-

crease encapsulation e൶ciency, and interaction of MD 

and WPI can increase encapsulation e൶ciency. Figure 

4 illustrates the surface plot indicating the relationship 

between GA, MD, or WPI on encapsulation e൶cien-

cy. Dewi et al. (2017) explained that the encapsulation 

e൶ciency is inÀuenced by the type of polymer used, 
which can a൵ect the hydrophobic characteristics of the 
emulsi¿er. Certain polymers, such as GA and WPI, 
are known for their ability to emulsify and maintain 

emulsion viscosity. The combination of GA, MD, and 

WPI employed in this study resulted in encapsulation 

e൶ciencies ranging from 90.56% to 99.35%. These 

results surpass those of previous studies, such as the 

encapsulation e൶ciency of 41.42% achieved using 
9.2% MD and 0.8% alginate (Kurniasih et al., 2018) 

and 86.9% with a 1:1 combination of GA and WPI 

(İlter et al., 2021).

GA can achieve high encapsulation e൶ciency 
(Youse¿ et al., 2022). As a highly branched sugar 

heteropolymer with a small amount of protein 

covalently attached to its carbohydrate chains, 

GA functions as an excellent ¿lm-forming agent, 
e൵ectively encapsulating molecules, by forming a 
protective matrix around the core material, shielding 

it from air. The surface-active properties of GA help 

safeguard reactive or volatile core materials (Cilek et 

al., 2012) ultrasonication time and core to coating ratio 

on encapsulation of phenolic compounds extracted 

from sour cherry pomace. For this study, maltodextrin 

and gum arabic were chosen as coating materials. 

Di൵erent maltodextrin/gum arabic ratios (10:0, 8:2, 
6:4. Additionally, proteins and polysaccharides serve 

as a bridge that allows bioactive components to main-

tain stability within complex food matrices (Zhang et 

al., 2022).

Generally, two main types of interactions oc-

cur between proteins and polysaccharides: non-co-

valent complexation and covalent bonding. Non-co-

valent bonds create bioadhesive states that facilitate 

the formation of micromaterials, while covalent in-

teractions produce protein–polysaccharide conju-

gates with excellent amphiphilic properties, enabling 

them to encapsulate bioactive components (Sadiah 

et al., 2022). When the microstructure of such con-

jugates is established, they provide superior encapsu-

lation performance. Additionally, the encapsulation 

e൶ciency is also a൵ected by the spray drying inlet 
temperatures. Purnamayati et al. (2018) demonstrated 

that using an inlet temperature of 90℃ resulted in a 
higher encapsulation e൶ciency of 29.623% compared 
to 18.457% at 130℃. This suggests that lower inlet 

temperatures help preserve the phycocyanin con-

tent. Furthermore, the core–encapsulant material 

ratio is critical for achieving high encapsulation 

e൶ciency. Iqbal and Hadiyanto (2020) reported that 

a phycocyanin–maltodextrin ratio of 1:2 produced the 

maximal encapsulation e൶ciency of 61.53%.

3.2.5 Phycocyanin retention

Phycocyanin retention measures the e൵ective-

ness of spray drying in encapsulating the A. platensis 

phycocyanin extract. It was determined by comparing 

the total phycocyanin content after microencapsula-

tion with the initial phycocyanin content before mi-

croencapsulation. A successful encapsulation method 
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relies on high retention of the core material and mini-

mal core material present on the surface of the powder 

particles. The RSM equation for optimizing the encap-

sulant material concentration to maximize the encap-

sulation e൶ciency is as follows:

 

 

 

 

 

	 Equation (5) shows that phycocyanin reten-

tion was directly proportional to the concentrations 

of WPI in linear, quadratic e൵ect of MD can increase 
phycocyanin retention and interaction between GA 

and MD can increase phycocyanin retention. Figure 5 

illustrates the surface plot of the relationship between 

these encapsulant materials and phycocyanin reten-

tion. Proper encapsulant levels play a crucial role in 

stabilizing the emulsion, directly impacting retention. 

Enhanced solid content facilitates skin formation and 

accelerates drying, thereby improving retention. This 

is also inÀuenced by the emulsion viscosity—higher 
solid content elevates viscosity, which reduces inter-

nal mixing, due to which the core components are less 

likely to migrate to the surface, allowing for more ef-

fective ¿lm formation and enhanced retention.

According to Charve and Reineccius (2009), 

the ¿lm-forming and emulsi¿cation abilities of the en-

capsulant materials can vary signi¿cantly in terms of 
retention, even when they are acceptable. Retention 

during drying with the WPI may be attributed to the 

excellent emulsifying and binding properties of β-lac-

toglobulin, the main whey protein. In this study, the re-

tention of phycocyanin utilizing a combination of GA, 

MD, and WPI ranged from 62.85% to 89.14%. These 

results are comparable to those reported by Santana et 

al. (2016), who observed retention values of 86.1%–

95.1% (GA:MS:WPC) and 79.6%–91.0% (GA:MS:S-

PI) in microcapsules containing anthocyanin from 

palm fruits. Similarly, Faieta et al. (2020) reported 

retention values >70% for anthocyanin spray drying 
with MD and trehalose. Diaz et al. (2015) observed 

71.62% retention using GA to encapsulate blackberry 

anthocyanins. Charve and Reineccius (2009) also not-

ed a volatile retention rate of 87% when using WPI to 

encapsulate Àavors during spray drying.

3.2.6 Solubility

Solubility is a key parameter used to assess 

the performance of the microcapsule powders upon 

reconstitution. High water solubility enables easier re-

lease of the active ingredients during applications. The 

RSM equation for optimizing the encapsulant material 

levels concerning the solubility response is as follows:

 

 

 

 

  

	 Equation (6) indicates that the solubility was 

directly proportional to the concentrations of whey 

protein isolate in linear, quadratic e൵ect of GA can de-

crease solubility and interaction between MD and WPI 

can increase solubility. Figure 6 illustrates the surface 

plot suggesting the relationship between these three 

encapsulant materials and their solubility. Solubility 

is inÀuenced by the encapsulant type. Higher MD con-

centrations enhance solubility because MD can bind to 

hydrophobic compounds and is highly water-soluble, 

forming a uniformly dispersed solution system (Ayu 

et al., 2016). Yuliawaty and Susanto (2015) also noted 

that MD’s hydroxyl groups interact with water during 
dissolution, resulting in elevated solubility levels as 

more free hydroxyl groups are available. WPI, as an 

e൵ective emulsi¿er, helps suspend compounds in both 
the oil and water phases. This property can improve 

microcapsule dissolution when the WPI concentration 

increases (Hasna et al., 2018). A higher solubility val-

ue generally reÀects better product quality and facili-
tates wider applicability.

İlter et al. (2021) reported that phycocyanin 

microcapsules encapsulated with MD and WPI had 

a solubility of 79.52 ± 2.53%, while a combination 

of MD and GA yielded a lower solubility of 67.92 ± 

0.96%. However, in this study, a combination of GA, 

MD, and WPI resulted in solubility values >90%. This 
¿nding is consistent with that of Mahdi et al. (2020), 

who reported a solubility of 91.26 ± 4.26% for mi-

croencapsulated ¿nger orange extracts using the same 
combination of wall materials. Similarly, Santana et 

al. (2016) observed elevated solubility values for palm 

fruit anthocyanin microcapsules produced with a blend 

of GA, MD, and WPI (GA:MS:WPC = 1/6:2/3:1/6 = 

93.5 ± 2.9% and GA:MS:SPI = 1/6:2/3:1/6 = 92.8 ± 

2.7%). 

3.2.7 Particle size

Microencapsulation is a technique that in-

volves employing coatings to encapsulate microscopic 

particles, typically ranging from 1 to 1000 μm in size 
(Lodhi et al., 2021). The particle size has a remarkable 

impact on other microencapsulation characteristics. 

Smaller particles can lead to higher encapsulation ef-

¿ciency, better particle morphology, and faster release 
rates. The RSM equation applied to optimize the en-

capsulant concentration for the particle size response 

Y
6 =

-7.4 + 4.58 X
1
 + 0.67 X

2 
+ 28.8 X

3
 – 0.0459 X

1
*X

1
 

–  0.1273  X
2
*X

2
 –  1.99  X

3
*X

3
 +  0.0652  X

1
*X

2
 

–  0.902  X
1
*X

3
 +  0.236  X

2
*X

3
  Equation (6)

Y
5 
= -170 +  6.24  X

1
 +  0.17  X

2
 +  98.4  X

3
 

+  0.081  X
1
X

1 
+  0.153  X

2
*X

2
 –  6.42  X

3
*X

3
 

+ 0.137 X
1
*X

2
- 2.56 X

1
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3
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2
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is as follows:

Y
7 

= -242 +  62X
1
 +  13.8  X

2
-  34  X

3
 

–  1.74  X
1
*X

1 
–  0.78  X

2
*X

2
 +  31.9  X

3
*X

3 

+ 3.25 X
1
*X

2
- 9.03 X

1
*X

3
 – 9.91 X

2
*X

3  
 Equation (7)

 

	 Equation (7) shows that the particle size was 

directly proportional to GA and MD concentrations 

rise in linear, quadratic e൵ect of WPI can increase 
particle size and interaction between GA and MD can 

increase particle size. Figure 7 illustrates the surface 

plot representing the relationship between GA, MD, 

or WPI on the particle size response. The particle 

size is inÀuenced by the type of encapsulant materi-
al. Shamaei et al. (2017) the e൵ects of wall material 
formula and spray drying conditions on physicochem-

ical properties of walnut oil microcapsules were in-

vestigated. Three di൵erent wall materials including 
skim milk powder (SMP explained that variations in 

the molecular structure and physicochemical proper-

ties of encapsulant materials, such as surface activity 

and molecular weight, can a൵ect particle size. GA, for 

instance, is highly viscous and forms a more viscid 

emulsion. Fernandes et al. (2014) found that GA as a 

wall material resulted in large particle sizes. Jafari et 

al. (2008) further explained that larger particles have 

higher encapsulation e൶ciency. 

However, adding MD helps reduce the parti-

cle size because of its low viscosity at high concen-

trations. İlter et al. (2021) demonstrated that utilizing 

a combination of GA and WPI in phycocyanin micro-

capsules distributed the particles more homogeneous-

ly compared to MD and WPI. Phycocyanin micro-

capsules using a 50:50 combination of GA and MD 

produced particles with a size of 54.4µm (Pan-utai and 

Iamtham, 2020), while MD and alginate produced a 

much smaller sized particle of 3.10 nm (Kurniasih et 

al., 2018). In this study, microcapsules composed of 

GA, MD, and WPI had small particle sizes ranging 

from 204.6–363.0 nm.

3.2.8. Optimization and Validation Results

The measurement results for each parameter 

were evaluated employing ANOVA, and polynomial 

regression equations were derived for each response. 

The optimization process aimed to identify the best 

combination of model parameters to achieve the de-

sired outcomes. Each parameter was standardized 

simultaneously to produce a desirability value, rep-

resenting the target or ideal response level. This de-

sirability value reÀects the relative importance of 
each response. The simultaneous desirability value 

obtained was 0.7656, determined using the Minitab 

software (https://www.minitab.com/en-us/products/

minitab/), based on the responses of the seven phy-

cocyanin microcapsule parameters. This desirability 

value, ranging from 0.63 to 0.80, indicated that the 

results were acceptable. The optimal solution includ-

ed 8.3% GA, 11.7% MD, and 5.2% WPI, producing 

microcapsules that met 76.56% of the desired target 

(desirability). 

The next step was a veri¿cation test to con¿rm 
the values predicted by the Minitab software against 

the actual results under optimum conditions. It showed 

that the actual yield and antioxidant activity values ex-

ceeded the predicted ones. However, the existent val-

ues for particle size, phycocyanin content, solubility, 

encapsulation e൶ciency, and phycocyanin retention 
were slightly lower than the projected ones. The SD 

between the predicted and actual values ranged from 

0.6781 to 5.2538, indicating that they were close-

ly aligned. The veri¿cation results were within the 
95% prediction and con¿dence intervals, con¿rming 
that the optimization was accurate and reliable. The 

response veri¿cation of the optimum formulation of 

phycocyanin microcapsules is shown in Table 5.

3.2.9 Morphology of the Microcapsules Fabricated 
Applying the optimized formula

The morphological characteristics of the op-

timized microcapsules were a round shape, a uniform 

size, a smooth surface, and no Àocculation. Most mi-
crocapsules were round, with slight dents or indenta-

tions and a shrunken appearance. This surface shrink-

age can result from the rapid evaporation of water 

during spray drying and is common in polymeric coat-

ings derived from polysaccharides (Purwaningsih et 

al., 2013). Additionally, no clumping or cracking was 

observed. The particle shape can be inÀuenced by the 
uneven shrinkage during drying and the enhanced sur-

face protein content (Hasrini et al., 2017). According 

to Tonon et al. (2009), surface shrinkage can occur 

due to low inlet temperatures, which slow down heat 

transfer and result in particles with more deformed 

crusts.

4. Conclusion

The concentrations of the three encapsulant 

ingredients (GA, MD, and WPI) in the phycocyanin 

microcapsules inÀuenced the resulting characteris-

tics. However, not all responses produced signi¿cant 
predictive models with a combination of these three 

ingredients. Simultaneous optimization identi¿ed the 
optimum encapsulant formulation for phycocyanin 

microcapsules: 8.3% GA, 11.7% MD, and 5.2% WPI. 

The desirability value of 0.7656 indicates that the op-

timum formulation can produce phycocyanin micro-
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capsules meeting 76.56% of the desired targets. This 

value falls within the range of acceptable quality and 

suggests that the formulation can be e൵ectively ap-

plied to the product.

Acknowledgment
The authors are grateful to Universitas Gad-

jah Mada for the Final Project Recognition Program, 

with the Letter of Assignment No. 5286/UN1.P1/

PT.01.03/2024, May 6, 2024. We also thank the De-

partment of Fisheries, Faculty Agriculture, Universi-

tas Gadjah Mada, for facilitating this research. This 

paper incorporates data from the ¿rst author’s under-
graduate thesis.

Author’s Contribution

The contributions of each author were as fol-

lows: Puspa Pebriyanti carried out the experiment, 

collected data, analyzed the data for the research; Mrs. 

Siti Ari Budhiyanti as research coordinator, conceptu-

alizing the idea, and designed the research; and Mrs. 

Nur¿tri Ekantari conceptualizing the idea, designed 

the research, and analyzed the data. All authors wrote 

and contributed the manuscript.

ConÀict of Interest
The authors declare that they have no compet-

ing interests.

Declaration of Artificial Intelligence 
(AI)

The author(s) a൶rm that no arti¿cial intelli-
gence (AI) tools, services, or technologies were em-

ployed in the creation, editing, or re¿nement of this 
manuscript.  All content presented is the result of the 

independent intellectual e൵orts of the author(s), ensur-
ing originality and integrity.
 

Funding Information
The research was supported by Universitas 

Gadjah Mada for the Final Project Recognition Pro-

gram,  with the Letter of Assignment No. 5286/UN1.

P1/PT.01.03/2024.

 

References

Adjali, A., Clarot, I., Chen, Z., Marchioni, E., & Boud-

ier, A. (2022). Physicochemical degradation of 

phycocyanin and means to improve its stabili-

ty: A short review. Journal of Pharmaceutical 
Analysis, 12(3):406-414. 

Adsare, S. R., & Annapure, U. S. (2021). Microencap-

sulation of curcumin using coconut milk whey 

and gum Arabic. Journal of Food Engineering, 

298(110502). 

Agustina, S., Aidha, N. N., Oktarina, E., & Setiawati, 

I. (2020). Production process of virgin coconut 

oil (VCO) emulsion with phycocyanin as anti-

oxidant. Biopropal Industri, 11(2):95-105. 

Al¿onita, K., Budhiyanti, S. A., & Ekantari, N. 
(2022). E൵ect of homogenization process on the 
production of Arthrospira platensis carotenoid 

nanocapsules encapsulated with Arabic gum 

and whey protein concentrate.  Jurnal Ilmiah 

Perikanan dan Kelautan, 14(1):12-24.

Aminikhah, N., Mirmoghtadaie, L., Shojaee-Aliabadi, 

S., Khoobbakht, F., & Hosseini, S. M. (2023). 

Investigation of structural and physicochemical 

properties of microcapsules obtained from pro-

tein-polysaccharide conjugate via the Maillard 

reaction containing Satureja khuzestanica es-

sential oil. International Journal of Biological 
Macromolecules, 252(126468). 

Arpagaus, C., John, P., Collenberg, A., & Rütti, D. 

(2017). Nanocapsules formation by nano spray 

drying. In S. M. Jafari (Ed.), Nanoencapsulation 

technologies for the food and nutraceutical in-

dustries. (pp. 346-401). Academic Press.  

Ashaolu, T., Samborska, K., Ching, C., Tomas, M., 

Capanoglu, E., Taze, B., & Mahdi, S. (2021). 

Phycocyanin, a super functional ingredient 

from algae; properties, puri¿cation characteri-
zation, and applications. International Journal 

of Biological Macromolecules, 193:2320-2331.  

Ayu, F. W., Rosidah, U., & Priyanto, G. (2016). Mak-

ing instant green chili sambal with foam mat 

drying method. Proceedings of the National 
Seminar on Suboptimal Lands, 425-449 

Baysan, U., Zungur Bastıoğlu, A., Coşkun, N. Ö., Ko-

nuk Takma, D., Ülkeryıldız Balçık, E., Sahin- 
Nadeem, H., & Koç, M. (2021). The e൵ect of 
coating material combination and encapsulation 

method on propolis powder properties. Powder 

Technology, 384:332-341. 

Charve, J., & Reineccius, G. A. (2009). Encapsulation 

performance of proteins and traditional materi-

als for spray dried Àavors. Journal of Agricul-
tural and Food Chemistry, 57(6):2486-2492. 

Chittapun, S., Jonjaroen, V., Khumrangsee, K., & 

Charoenrat, T. (2020). C-phycocyanin ex-

traction from two freshwater cyanobacteria by 

                   

	    

JIPK Vol 17 No 3. October 2025  | Response Surface Methodology for Optimizing the Concentration of Gum Arabic... 

JIPK: Scientific Journal of Fisheries and Marine                  Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga 572

https://www.sciencedirect.com/science/article/pii/S2095177921001489
https://www.sciencedirect.com/science/article/pii/S0260877421000273
https://www.academia.edu/download/90439037/4983.pdf
https://search.proquest.com/openview/f56edcffe8774e87a9df0828bf073ae0/1?pq-origsite=gscholar&cbl=2047039
https://www.sciencedirect.com/science/article/pii/S0141813023033640
https://www.sciencedirect.com/science/article/pii/B9780128094365000100
https://www.sciencedirect.com/science/article/pii/S0141813021024624
https://id.scribd.com/document/429802663/Pembuatan-Sambal-Instan-Metode-Foam-Mat-Drying
https://www.sciencedirect.com/science/article/pii/S0032591021001212
https://pubs.acs.org/doi/abs/10.1021/jf803365t
https://www.sciencedirect.com/science/article/pii/S2211926419310689


freeze thaw and pulsed electric ¿eld techniques 
to improve extraction e൶ciency and purity. Al-

gal Research, 46(101789). 

Cilek, B., Luca, A., Hasirci, V., Sahin, S., & Sum-

nu, G. (2012). Microencapsulation of phenolic 

compounds extracted from sour cherry pomace: 

E൵ect of formulation, ultrasonication time and 
core to coating ratio. European Food Research 
and Technology, 235(4):587-596. 

Deng, W., Li, X., Ren, G., Bu, Q., Ruan, Y., Feng, Y., 

& Li, B. (2023). Stability of purple corn antho-

cyanin encapsulated by maltodextrin, and its 

combinations with gum Arabic and whey pro-

tein isolate. Foods, 12(2393):1-15. 

Dewi, E. N., Purnamayati, L., & Kurniasih, R. A. 

(2017). Physical characteristics of phycocyan-

in from spirulina microcapsules using di൵erent 
coating materials with freeze drying method. 

IOP Conference Series: Earth and Environmen-

tal Science, 55(012060):1-8. 

Dewi, E. N., Purnamayati, L., & Kurniasih, R. A. 

(2016). Antioxidant activities of phycocyanin 

microcapsules using maltodextrin and carra-

geenan as coating materials. Jurnal Teknologi, 

78(4-2):45-50. 

Diaz, D. I., Beristain, C. I., Azuara, E., Luna, G., & 

Jimenez, M. (2015). E൵ect of wall material 
on the antioxidant activity and physicochem-

ical properties of Rubus fruticosus juice mi-

crocapsules. Journal of Microencapsulation, 

32(3):247-254. 

Faieta, M., Corradini, M. G., Di Michele, A., Lu-

descher, R. D., & Pittia, P. (2020). E൵ect of en-

capsulation process on technological function-

ality and stability of Spirulina platensis extract. 

Food Biophysics, 15(1):50-63. 

Fernandes, R. V. D. B., Borges, S. V., & Botrel, D. A. 

(2014). Gum Arabic/starch/maltodextrin/inulin 

as wall materials on the microencapsulation of 

rosemary essential oil. Carbohydrate Polymers, 

101(1):524-532. 

Gad, A. S., Khadrawy, Y. A., El-Nekeety, A. A., Mo-

hamed, S. R., Hassan, N. S., & Abdel-Wahhab, 

M. A. (2011). Antioxidant activity and hepato-

protective e൵ects of whey protein and Spirulina 
in rats. Nutrition, 27(5):582-589. 

García, A. B., Longo, E., & Bermejo, R. (2021). The 

application of a phycocyanin extract obtained 

from Arthrospira platensis as a blue natural 

colorant in beverages. Journal of Applied Phy-

cology, 33(5): 3059-3070. 

Gharibzahedi, S. M. T., Mousavi, S. M., Hamedi, M., 

Khodaiyan, F., & Razavi, S. H. (2012). Devel-

opment of an optimal formulation for oxidative 

stability of walnut-beverage emulsions based 

on gum Arabic and xanthan gum using response 

surface methodology. Carbohydrate Polymers, 

87(2):1611-1619. 

Hasna, T., Anandito, B. K., Khasanah, L. U., Utami, 

R., & Manuhara, G. J. (2018). E൵ect of malto-

dextrin and whey combination as wall material 

on the characteristics of cinnamon (Cinnamo-

mum burmanii) Oleoresin Microencapsule. Ag-

ritech, 38(3):259-264.

Hasrini, R. F., Zakaria, F. R., Adawiyah, D. R., & 

Suparto, I. H. (2017). Microencapsulation of 

crude palm oil with maltodextrin and soy pro-

tein isolate. Journal of Food Technology and 
Industry, 28(1):10-19. 

Ho, T. M., Ton, T. T., Gaiani, C., Bhandari, B. R., & 

Bansal, N. (2021). Changes in surface chemical 

composition relating to rehydration properties 

of spray-dried camel milk powder during accel-

erated storage. Food Chemistry, 361(130136). 

İlter, I., Koç, M., Demirel, Z., Conk Dalay, M., & Kay-

mak Ertekin, F. (2021). Improving the stability 

of phycocyanin by spray dried microencapsula-

tion. Journal of Food Processing and Preserva-

tion, 45(1). 

Iqbal, M. N., & Hadiyanto, H. (2020). Experimental 

investigation of phycocyanin microencapsula-

tion using maltodextrin as a coating material 

with spray drying method. AIP Conference Pro-

ceedings, 2197(1):100002. 

Jaeschke, D. P., Teixeira, I. R., Marczak, L. D. F., 

& Mercali, G. D. (2021). Phycocyanin from 

Spirulina: A review of extraction methods 

and stability. Food Research International, 
143(110314):1-12.  

Jafari, S. M., Assadpoor, E., He, Y., & Bhandari, B. 

(2008). Encapsulation e൶ciency of food Àavors 
and oils during spray drying. Drying Technolo-

gy, 26(7):816-835. 

Kang, Y. R., Lee, Y. K., Kim, Y. J., & Chang, Y. H. 

(2019). Characterization and storage stability 

of chlorophylls microencapsulated in di൵erent 
combination of gum Arabic and maltodextrin. 

Food Chemistry, 272:337-346. 

Kurniasari, L., Cahyo, A., Muhammad, K., Lee, H., & 

Djaeni, M. (2025). Microencapsulation of sap-

pan wood (Caesalpinia sappan L) extract using 

spray drying and di൵erent wall materials. Jour-

                  

	

 		   

                      	                     

Pebriyanti et al. / JIPK, 17(3):-

  JIPK: Scientific Journal of Fisheries and Marine  									                          Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga573

https://www.sciencedirect.com/science/article/pii/S2211926419310689
https://link.springer.com/article/10.1007/s00217-012-1786-8
https://www.mdpi.com/2304-8158/12/12/2393
https://iopscience.iop.org/article/10.1088/1755-1315/55/1/012060/meta
https://journals.utm.my/jurnalteknologi/article/view/8151
https://www.tandfonline.com/doi/abs/10.3109/02652048.2015.1010458
https://link.springer.com/article/10.1007/s11483-019-09602-1
https://www.sciencedirect.com/science/article/pii/S0144861713009752
https://www.sciencedirect.com/science/article/pii/S0899900710001267
https://link.springer.com/article/10.1007/s10811-021-02522-z
https://www.sciencedirect.com/science/article/pii/S0144861711008666
https://journal.ugm.ac.id/agritech/article/view/12725
https://www.cabidigitallibrary.org/doi/full/10.5555/20183027449
https://www.sciencedirect.com/science/article/pii/S0308814621011420
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15646
https://pubs.aip.org/aip/acp/article-abstract/2197/1/100002/782615
https://www.sciencedirect.com/science/article/pii/S0963996921002131
https://www.tandfonline.com/doi/abs/10.1080/07373930802135972
https://www.sciencedirect.com/science/article/pii/S0308814618314651
https://www.woodj.org/archive/view_article?pid=wood-53-1-49


nal of the Korean Wood Science and Technolo-

gy, 53(1):49-65.  

Kurniasih, R. A., Purnamayati, L., Amalia, U., & 

Dewi, E. N. (2018). Formulation and charac-

terization of phycocyanin microcapsules within 

maltodextrin- alginate. Agritech, 38(1):23-29.

Laokuldilok, T., & Kanha, N. (2017). Microencapsu-

lation of black glutinous rice anthocyanins us-

ing maltodextrins produced from broken rice 

fraction as wall material by spray drying and 

freeze drying. Journal of Food Processing and 
Preservation, 41(1):1-10. 

Li, Y., Li, X., Liang, Z. P., Chang, X. Y., Li, F. T., Wang, 

X. Q., & Lian, X. J. (2022). Progress of micro-

encapsulated phycocyanin in food and pharma 

industries: A review. Molecules, 27(18):1-15. 

Liang, R., Huang, Q., Ma, J., Shoemaker, C. F., & 

Zhong, F. (2013). E൵ect of relative humidity 
on the store stability of spray-dried beta-car-

otene nanoemulsions. Food Hydrocolloids, 

33(2):225-233. 

Lodhi, D. S., Panwar, A. S., Golani, P., Verma, M., 

Jain, N., & Nagdev, S. (2021). Microencapsula-

tion technology a holistic approach in the ¿eld 
of pharmaceutical sciences a review. Interna-

tional Journal of Pharmaceutical Sciences Re-

view and Research, 71(2):83-89. 

Mahdi, A. A., Mohammed, J. K., Al-Ansi, W., Ghaleb, 

A. D. S., Al-Maqtari, Q. A., Ma, M., Ahmed, M. 

I., & Wang, H. (2020). Microencapsulation of 

¿ngered citron extract with gum Arabic, modi-
¿ed starch, whey protein, and maltodextrin us-

ing spray drying. International Journal of Bio-

logical Macromolecules, 152:1125-1134. 

Mishra, P., Mishra, S., & Mahanta, C. L. (2014). E൵ect 
of maltodextrin concentration and inlet tem-

perature during spray drying on physicochemi-

cal and antioxidant properties of amla (Emblica 

o৽cinalis) juice powder. Food and Bioproducts 
Processing, 92(3):252-258. 

Munawaroh, H. S. H., Gumilar, G. G., Ali¿a, C. R., 
Marthania, M., Stellasary, B., Yuliani, G., Wu-

landari, A. P., Kurniawan, I., Hidayat, R., Nin-

grum, A., Koyande, A. K., & Show, P. L. (2020). 

Photostabilization of phycocyanin from Spiruli-

na platensis modi¿ed by formaldehyde. Process 

Biochemistry, 94:297-304. 

Nege, A. S., Masithah, E. D., & Khotib, J. (2020). 

Trends in the uses of Spirulina microalga: A 

mini-review. Jurnal Ilmiah Perikanan dan Ke-

lautan, 12(1):149-166. 

Nthimole, C. T., Kaseke, T., & Fawole, O. A. (2022). 

Encapsulation and characterization of raspber-

ry juice powder for multiple applications in the 

food industry. Acta Horticulturae, 1349:679-

684. 

Pan-utai, W., & Iamtham, S. (2020). Enhanced mi-

croencapsulation of C-phycocyanin from Ar-

throspira by freeze-drying with di൵erent wall 
materials. Food Technology and Biotechnology, 

58(4):423-432. 

Petkova, D., Mihaylova, D., & Desseva, I. (2022). 

Microencapsulation in food industry - an over-

view. BIO Web of Conferences, 45:1-9. 

Premi, M., & Sharma, H. K. (2017). E൵ect of di൵er-
ent combinations of maltodextrin, gum Arabic 

and whey protein concentrate on the encapsu-

lation behavior and oxidative stability of spray 

dried drumstick (Moringa oleifera) oil. Inter-

national Journal of Biological Macromolecule, 

105:1232-1240. 

Purba, B. M. (2013). Antioxidant activity of Sargas-

sum sp. encapsulated with combination of gum 

Arabic and Maltodextrin. Thesis. Yogyakarta, 

Indonesia: Gadjah Mada University.

Purnamayati, L., Dewi, E. N., & Kurniasih, R. A. 

(2018). Phycocyanin stability in microcap-

sules processed by spray drying method using 

di൵erent inlet temperatures. IOP Conference 
Series: Earth and Environmental Science, 

116(012076):1-7. 

Purnamayati, Lukita, Dewi, E. N., & Kurniasih, R. 

A. (2016). Physical characteristics of Spirulina 

phycocyanin microcapsules at di൵erent concen-

trations of coating materials. Journal of Agri-
cultural Product Technology, 9(1):1-8. 

Purnomo, W., Khasanah, L. U., & Anandito, B. K. 

(2014). E൵ect of maltodextrin, carrageenan and 
whey combination ratio on microencapsulant 

characteristics of teak leaf (Tectona grandis L. 

F.) natural colorant. Journal of Food Technolo-

gy Applications, 3(3):121-129.

Purwaningsih, D., Whyllies, A. A. B., & Megaputera, 

I. (2013). Formulation of cocoa bean (Theobro-

ma cacao L.) ethanol extract preparation as a 

natural antioxidant candidate through microen-

capsulation technology with spray-drying meth-

od. Electronic Proceedings of PIMNAS, 2001, 

1-8.

Purwoto, H., & Christi A, G. J. (2017). Optimization 

                   

	    

JIPK Vol 17 No 3. October 2025  | Response Surface Methodology for Optimizing the Concentration of Gum Arabic... 

JIPK: Scientific Journal of Fisheries and Marine                  Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga 574

https://www.woodj.org/archive/view_article?pid=wood-53-1-49
https://journal.ugm.ac.id/agritech/article/view/16752
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.12877
https://www.mdpi.com/1420-3049/27/18/5854
https://www.sciencedirect.com/science/article/pii/S0268005X13000994
https://www.academia.edu/download/95749603/14.pdf
https://www.sciencedirect.com/science/article/pii/S0141813019374823
https://www.sciencedirect.com/science/article/pii/S0960308513000801
https://www.sciencedirect.com/science/article/pii/S1359511319317131
https://search.proquest.com/openview/21cf52b5573f63c1d9025210e4aa373b/1?pq-origsite=gscholar&cbl=2047039
https://search.proquest.com/openview/21cf52b5573f63c1d9025210e4aa373b/1?pq-origsite=gscholar&cbl=2047039
https://www.actahort.org/books/1349/1349_87.htm
https://hrcak.srce.hr/clanak/372670
https://www.bio-conferences.org/articles/bioconf/abs/2022/04/bioconf_foset2022_02005/bioconf_foset2022_02005.html
https://www.sciencedirect.com/science/article/pii/S0141813017309522
https://etd.repository.ugm.ac.id/penelitian/detail/60171
https://iopscience.iop.org/article/10.1088/1755-1315/116/1/012076/meta
https://journals.utm.my/jurnalteknologi/article/view/8151
http://download.garuda.kemdikbud.go.id/article.php?article=699174&val=11158&title=Pengaruh%20Ratio%20Kombinasi%20Maltodekstrin%20Karagenan%20dan%20Whey%20Terhadap%20Karakteristik%20Mikroenkapsulan%20Pewarna%20Alami%20Daun%20Jati%20Tectona%20Grandis%20L%20F
https://www.neliti.com/id/publications/170729/formulasi-sediaan-ekstrak-etanol-biji-kakao-theobroma-cacao-l-sebagai-kandidat-n
https://ejournal.brin.go.id/MIPI/article/view/1493


of edible ¿lm formula based on cassava starch 
amylopectin and carrageenan. Industrial As-

sessment Scientific Magazine, 11(1):31-40. 

Repka, D., Murtaja, Y., Kurillova, A., & Lapcik, L. 

(2023). Application of physical-chemical ap-

proaches for encapsulation of active substances 

in pharmaceutical and food industries. Foods, 

12(2189):1-17.

Ribeiro, A. M., Shahgol, M., Estevinho, B. N., & Ro-

cha, F. (2020). Microencapsulation of vitamin 

A by spray-drying, using binary and ternary 

blends of gum Arabic, starch and maltodextrin. 

Food Hydrocolloids, 108(106029). 

Ribeiro, J. S., & Veloso, C. M. (2021). Microencap-

sulation of natural dyes with biopolymers for 

application in food: A review. Food Hydrocol-
loids, 112(106374). 

Sablania, V., Bosco, S. J. D., Rohilla, S., & Shah, M. 

A. (2018). Microencapsulation of Murraya koe-

nigii L. leaf extract using spray drying. Journal 

of Food Measurement and Characterization, 

12(2):892-901.

Sadiah, I., Indiarto, R., & Cahyana, Y. (2022). Charac-

teristics and phenolic compounds of microcap-

sules of moringa leaf extract (Moringa oleifera) 

with combination of maltodextrin and whey 

protein isolate. Journal of Agricultural Indus-

trial Technology, 32(3):273-282. 

Samborska, K., Boostani, S., Geranpour, M., Hos-

seini, H., Dima, C., Khoshnoudi-Nia, S., Ros-

tamabadi, H., Falsa¿, S. R., Shaddel, R., Ak-

bari-Alavijeh, S., & Jafari, S. M. (2021). Green 

biopolymers from by-products as wall materials 

for spray drying microencapsulation of phyto-

chemicals. Trends in Food Science and Tech-

nology, 108:297-325. 

Santana, A. A., Cano-Higuita, D. M., De Oliveira, R. 

A., & Telis, V. R. N. (2016). InÀuence of di൵er-
ent combinations of wall materials on the mi-

croencapsulation of jussara pulp (Euterpe edu-

lis) by spray drying. Food Chemistry, 212:1-9. 

Shamaei, S., Seiiedlou, S. S., Aghbashlo, M., Tsotsas, 

E., & Kharaghani, A. (2017). Microencapsula-

tion of walnut oil by spray drying: E൵ects of 
wall material and drying conditions on physico-

chemical properties of microcapsules. Innova-

tive Food Science and Emerging Technologies, 

39:101-112. 

Stănciuc, N., Oancea, A. M., Aprodu, I., Turturică, M., 
Barbu, V., Ioniţă, E., Râpeanu, G., & Bahrim, 
G. (2018). Investigations on binding mecha-

nism of bioactives from elderberry (Sambucus 

nigra L.) by whey proteins for e൶cient micro-

encapsulation. Journal of Food Engineering, 

223:197-207. 

Timilsena, Y. P., Haque, M. A., & Adhikari, B. (2020). 

Encapsulation in the food industry: A brief his-

torical overview to recent developments. Food 
and Nutrition Sciences, 11(06):481-508. 

Ton, N. M. N., Tran, T. T. T., & Le, V. V. M. (2016). 

Microencapsulation of rambutan seed oil by 

spray-drying using di൵erent protein prepara-

tions. International Food Research Journal, 
23(1):123-128.

Tonon, R. V., Brabet, C., Pallet, D., Brat, P., & Hub-

inger, M. D. (2009). Physicochemical and mor-

phological characterisation of açai (Euterpe ol-

eraceae Mart.) powder produced with di൵erent 
carrier agents. International Journal of Food 
Science and Technology, 44(10):1950-1958. 

Wang, H. Y., Qian, H., & Yao, W. R. (2011). Melanoi-

dins produced by the Maillard reaction: Struc-

ture and biological activity. Food Chemistry, 

128(3):573-584. 

Wangkulangkool, M., Ketthaisong, D., Tangwongchai, 

R., Boonmars, T., & Lomthaisong, K. (2023). 

Microencapsulation of chia oil using whey 

protein and gum Arabic for oxidation preven-

tion: A comparative study of spray-drying and 

freeze-drying methods. Processes, 11(1462):1-

15. 

Wyasu, G., & Okereke, N. (2012). Improving the ¿lm 
forming ability of gum Arabic. Journal of Nat-
ural Product and Plant Resourse, 2(2):314-317. 

Youse¿, S., Kavyanirad, M., Aminifar, M., Weisany, 
W., & Mousavi Khaneghah, A. (2022). Yogurt 

forti¿cation by microencapsulation of beetroot 
extract (Beta vulgaris L.) using maltodextrin, 

gum Arabic, and whey protein isolate. Food 
Science and Nutrition, 10(6):1875-1887. 

Yuan, B., Li, Z., Shan, H., Dashnyam, B., Xu, X., Mc-

Clements, D. J., Zhang, B., Tan, M., Wang, Z., 

& Cao, C. (2022). A review of recent strategies 

to improve the physical stability of phycocyan-

in. Current Research in Food Science, 5:2329-

2337. 

Yuliawaty, S. T., & Susanto, W. H. (2015). E൵ect of 
drying time and maltodextrin concentration on 

the chemical physics and organoleptic char-

acteristics of noni leaf instant drink (Morinda 
citrifolia L). Journal of Food and Agroindustry, 
3(1):41-51).

 		   

                      	                     

Pebriyanti et al. / JIPK, 17(3):-

  JIPK: Scientific Journal of Fisheries and Marine  									                          Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga575

https://ejournal.brin.go.id/MIPI/article/view/1493
https://www.mdpi.com/2304-8158/12/11/2189
https://www.sciencedirect.com/science/article/pii/S0268005X1932805X
https://www.sciencedirect.com/science/article/pii/S0268005X20318518
https://link.springer.com/article/10.1007/s11694-017-9704-1
https://journal.ipb.ac.id/index.php/jurnaltin/article/view/45469
https://www.sciencedirect.com/science/article/pii/S0924224421000133
https://www.sciencedirect.com/science/article/pii/S0308814616308378
https://www.sciencedirect.com/science/article/pii/S1466856416307184
https://www.sciencedirect.com/science/article/pii/S0260877417304508
https://www.sciencedirect.com/science/article/pii/S0260877417304508
https://www.scirp.org/journal/paperinformation?paperid=100952
http://ifrj.upm.edu.my/23%20(01)%202016/(19).pdf
https://academic.oup.com/ijfst/article-abstract/44/10/1950/7864936
https://www.sciencedirect.com/science/article/pii/S0308814611004572
https://www.mdpi.com/2227-9717/11/5/1462
https://www.cabidigitallibrary.org/doi/full/10.5555/20123166923
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.2804
https://www.sciencedirect.com/science/article/pii/S2665927122002222


Zhang, Z.-H., Yu, B., Xu, Q., Bai, Z., Ji, K., Gao, X., 

Wang, B., Aadil, R. M., Ma, H., & Xiao, R. 

(2022). The physicochemical properties and 

antioxidant activity of spirulina (Artrhospira 

platensis) chlorophylls microencapsulated in 

di൵erent ratios of gum Arabic and whey protein 

isolate. Food, 11(1809):1-13. 

Zhang, S., Zhang, Z., Dadmohammadi, Y., Li, Y., 

Jaiswal, A., & Abbaspourrad, A. (2021). Whey 
protein improves the stability of C-phycocyan-
in in acidi¿ed conditions during light storage. 
Food Chemistry, 344(128642). 

Zhao, M., Li, L., Cao, W., Wang, Z., Chu, Q., Bhan-
dari, B., Ren, G., & Duan, X. (2023). E൵ects of 
di൵erent drying methods on the properties, sta-

bility, and controlled release of Cornus o৽cina-

lis Àavonoids microparticles. Journal of Food 
Science, 88(6):2313-2324. 

                   

	    

JIPK Vol 17 No 3. October 2025  | Response Surface Methodology for Optimizing the Concentration of Gum Arabic... 

JIPK: Scientific Journal of Fisheries and Marine                  Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga

Yunilawati, R., Yemirta, Y., Cahyaningtyas, A. A., 

Aviandharie, S. A., Hidayati, N., & Rahmi, D. 

(2018). Optimization of spray drying process in 

purple sweet potato anthocyanin encapsulation. 

Journal of Chemistry and Packaging, 40(1):17-

24. 

576

https://www.neliti.com/id/publications/260856/optimasi-proses-spray-drying-pada-enkapsulasi-antosianin-ubi-ungu
https://www.mdpi.com/2304-8158/11/12/1809
https://www.mdpi.com/2304-8158/11/12/1809
https://www.sciencedirect.com/science/article/pii/S0308814620325048
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1750-3841.16611

	1. Introduction   
	2. Materials and Methods
	2.1 Material
	2.1.1 The equipments 
	2.1.2 The materials
	2.1.3 Ethical approval

	2.2 Method 
	2.2.1 Extraction of A. platensis phycocyanin
	2.2.2 Microencapsulation of Phycocyanin
	2.2.3 Spray drying
	2.2.4 CCD
	2.2.5 Microcapsule Characteristic Analysis
	2.2.5.1 Yield
	2.2.5.2 Phycocyanin content
	2.2.5.3 Antioxidant activity
	2.2.5.4 Encapsulation efficiency
	2.2.5.5 Phycocyanin retention
	2.2.5.6 Solubility
	2.2.5.7 Particle size
	2.2.5.8 Scanning electron microscopy (SEM)


	2.3 Analysis Data

	3. Results and Discussion
	3.1 Results
	3.1.1 The effects of Gum Arabic, Maltodextrin, and

Whey Protein Isolate combination
	3.1.2 The optimum formula

	3.2 Discussion
	3.2.1 Yield
	3.2.2 Phycocyanin content
	3.2.3. Antioxidant activity
	3.2.4 Encapsulation efficiency
	3.2.5 Phycocyanin retention
	3.2.6 Solubility
	3.2.7 Particle size
	3.2.8. Optimization and Validation Results
	3.2.9 Morphology of the Microcapsules Fabricated

Applying the optimized formula


	4. Conclusion
	Acknowledgment
	Author’s Contribution
	Conflict of Interest
	Declaration of Artificial Intelligence

(AI)
	Funding Information
	References

