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Abstract 

Alginates have a variety of biological, physical, and chemical properties that can be 

modified to meet a specific purpose. Ionic crosslinking is an easy method of alginate 

modification. This study examined the ionic crosslinking agents (Ca2+, Ba2+, Mg2+) on 

swelling ratio, water solubility, and % sol-gel fraction of modified alginate. The 

performance of the modified alginate used to encapsulate quercetin, such as % 

encapsulation efficiency (% EE), % release of quercetin, and quercetin release kinetics 

were examined. The variables used in this study were the concentration of alginate and 

ionic crosslinking agents. At 3% alginate concentration and 0.3 M, ionic crosslinking 

agent concentration positively correlated with swelling ratio and water solubility. In 

contrast, the ionic crosslinking agent that positively correlates to the % sol-gel fraction is 

Ca2+. Encapsulation of quercetin using a crosslinking agent with ion Ca2+ and 2.5 ppm of 

quercetin concentration showed the highest % EE of 87%. Modified alginate induced 

quercetin release from beads at pH 1.4 and 7. The release of quercetin from modified 

alginate followed the Korsmeyer-Peppas kinetic model (R2>0.99). The results of the FTIR 

analysis confirmed that a new peak at 1271 cm-1 was C-O-C characteristic of quercetin, 

indicating quercetin loaded on encapsulated beads. The morphological analysis showed 

that the surface of modified alginate (Ca-Ag/Ba-Ag/Mg-Ag) was rough and porous. This 

study established that modified alginate using different ionic crosslinking agents can be a 

suitable matrix for encapsulating quercetin. 

1. Introduction 

Quercetin is a polyphenolic flavonoid compound 

with various uses, including in biotechnology, 

nutraceuticals, development of new bioactive 

compounds, complementary drugs, and herbal medicines 

widely found in vegetables and fruits (Heřmánková et 

al., 2019). Besides that, quercetin is also an antioxidant 

capable of scavenging free radicals and binding 

transition metal ions (Tátraaljai et al., 2014), anticancer, 

antibacterial, anti-inflammatory, antiviral, anti-

Alzheimer, antifungal and antidiabetic (Jana et al., 2018, 

Chuang et al., 2019). Apart from the great benefits of 

quercetin, quercetin also has several disadvantages, such 

as poor water solubility, low bioavailability, chemical 

instability, and short biological half-life, so that it can 

reduce its efficiency when applied in various 

applications, including food and medicine (Chavoshpour

-Natanzi and Sahihi, 2019). Furthermore, despite five 

hydroxyl groups, quercetin is known to be lipophilic, 

giving it low bioavailability (Pool et al., 2013). 

Therefore, it is necessary to develop technology to 

manipulate materials that can cover the weaknesses of 

the quercetin but do not reduce the quality of the 

ingredients and the content contained in them. One of 

these technological breakthroughs is encapsulation. The 

selection of an encapsulating agent is crucial for 

encapsulation efficiency and microcapsule stability. The 

criteria for selecting wall materials are based on the 

physical and chemical properties of the material to be 

encapsulated, such as porosity, solubility, viscosity, 

mechanical properties, suitability between the two, 

processing factors and economy (Estevinho et al., 2013). 

Some encapsulants used as coating materials can be 

natural, semi-synthetic, or synthetic polymers such as 

alginate, chitosan, gum arabic, ethyl cellulose, gelatin, 

carrageenan and starch (Ferraz-Carvalho et al., 2016). Of 

the various encapsulants, alginate is the best because of 

its biodegradability, biocompatibility, low toxicity, 

relatively low cost, light gelation, and safety in food 

processes (Sreekumar and Bindhu, 2019). While other 
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encapsulants still have drawbacks, such as chitosan, 

which has lower mechanical properties with a high price 

and unobtrusive performance. Gum arabic has high price 

and availability problems; ethyl cellulose is insoluble in 

the gastrointestinal system. And gelatin has low 

mechanical resistance and is highly soluble in water. 

Carrageenan dissolves only at high temperatures, where 

it can damage quercetin in high temperatures. The starch 

has viscosity too high for most encapsulation processes, 

and cellulose can slow down drug absorption 

(Gharsallaoui et al., 2007; Estevinho et al., 2013; Zeng 

et al., 2018). The weakness of alginate is its instability 

when in the form of a gel, so the selection of methods for 

modifying alginate as an encapsulation matrix needs to 

be considered. Alginates can react with multivalent 

cations. Several encapsulation methods can be used: 

spray drying, emulsification, coacervation, ionic 

crosslink, freeze drying, and electrospray. Spray drying 

has high efficiency and can be carried out on a large 

scale. Still, the encapsulating agent is limited and can 

eliminate the bioactivity of compounds during the 

heating process. Only high thermal stability compounds 

can withstand the process. The emulsification method 

has high efficiency and reproducibility. Still, the active 

compound may be lost during solvent evaporation and is 

unsuitable for high volatile compounds, so it is 

inappropriate to use (Ezhilarasi et al., 2014). The 

conservation method can be used to encapsulate unstable 

compounds, and the encapsulation efficiency is high, but 

the production cost is high (Nesterenko et al., 2013). 

While freeze drying can be carried out at low 

temperatures and pressure, it is suitable for compounds 

that are sensitive to heat but have disadvantages such as 

high energy requirements, long processing time, and 

produce unstructured and exposed particles (Raja et al., 

2019). The electrospray method is suitable for 

temperature-sensitive bioactive compounds, but only 

small amounts of particles are produced (Shang et al., 

2017). Meanwhile, the ionic crosslink method is a 

method with a straightforward approach, simple steps, 

controlled release, and a more extended encapsulation 

period. However, only specific compounds can be 

encapsulated, and a more crosslinkers agent is needed. 

Alginates have different affinities for different types of 

divalent ions (Haug and Larsen, 1971). Alginates can 

crosslink ionically with multivalent cations such as Pb, 

Cu, Cd, Ba, Sr, Ca, Co, Ni, Zn, Mn and Mg ions. 

Crosslinking polymeric microparticles are advantageous 

compared to non-crosslinked microparticles because they 

can reduce unwanted decomposition of microparticles 

and slow down the drug release rate (Dhanka et al., 

2018). Alginate gel formation can occur in the presence 

of coordination between alginate and the number of 

binding cations (Hu et al., 2021). Among the above 

cations, the gelation of alginates induced by Ca2+ , Ba2+ 

and Mg2+ has been well studied and has good 

crosslinking strength and has been reviewed in terms of 

gelation mechanism, gel properties, influencing factors, 

and applications in the food industry (Petrova et al., 

2019).The novelty of this study is the effect of ionic 

crosslinking agents (Ca2+ , Ba2+ and Mg2+ ) and the study 

of quercetin release kinetics using the alginate-modified 

Ca-Ag/Ba-Ag/Mg-Ag matrix. Therefore, this study 

mainly aimed to increase the psycho-chemical properties 

of bead gel of alginate modified Ca-Ag/Ba-Ag/Mg-Ag 

by the ionic crosslinking method as an encapsulation 

matrix of quercetin. The swelling ratio, % water 

solubility, and % sol-gel fraction was evaluated in this 

study to assess the mechanical properties. In addition, the 

morphology and chemical structure of Ca-Ag/Ba-Ag/Mg

-Ag-based bead gel were characterized. The control of 

quercetin release will also be evaluated through % 

encapsulation efficiency, % release, release kinetics 

studies, and mechanism of the release of quercetin 

encapsulated Ca-Ag/Ba-Ag/Mg-Ag matrix. 

 

2. Materials and methods 

2.1   Materials 

Sodium alginate (molecular weigh 216.12 g/mol and 

CAS Number 9005-38-3), 95% quercetin (CAS number 

117-39-5 Sigma-Aldrich), calcium chloride (CaCl2 

molecular weight 110.99 g/mol and CAS Number 10043

-52-4), BaCl2 (molecular weight 208.25 g/mol and CAS 

number 10361-37-2), MgCl2 (molecular weight 95.21 g/

mol and CAS number 7786-30-3), sodium hydroxide 

(NaOH), and hydrochloric acid (HCl) was purchased 

from Sigma-Aldrich, Germany. 

2.2   Preparation of alginate modified (Ca-Ag/Ba-Ag/Mg

-Ag) used ionic crosslinking method 

Sodium alginate (1%, 2%, 3%, 4% and 5% w/v) was 

dissolved in 100 ml of distilled water under constant 

stirring at 70°C until a homogenous solution was 

achieved. Then, the temperature was reduced to 27°C 

under constant stirring. After all mixture was 

homogenous, 250 mL CaCl2, BaCl2, and MgCl2 solutions 

with various concentration of divalent ion (0.1 M, 0.2 M, 

0.3 M, 0.4 M and 0.5 M w/v) were prepared. The 

crosslinked matrix solution was dripped into divalent ion 

(CaCl2, BaCl2 and MgCl2) solution using a syringe with 

an outlet diameter of 0.5 mm. The formed beads were 

soaked in the divalent ion solution for 1 hr and then 

diluted by adding 250 mL of distilled water. The beads 

were then dried and stored at 27°C. 
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2.3 Quercetin encapsulation with Ca-Ag/Ba-Ag/Mg-Ag 

matrix 

The preparation of the modified alginate (Ca-Ag/Ba-

Ag/Mg-Ag) solution were as follows. Into a modified 

solution of Ca-Ag/Ba-Ag/Mg-Ag, 2% w/v of quercetin 

was added and stirred until dissolved. The quercetin-

containing matrix solution was then dripped carefully 

into a 250 mL divalent ion (CaCl2, BaCl2 and MgCl2) 

solution using a syringe with an outlet diameter of 0.5 

mm. Then the beads were soaked in divalent ion (CaCl2, 

BaCl2 and MgCl2) solution. Quercetin-loaded beads were 

filtrated from the divalent ion (CaCl2, BaCl2 and MgCl2) 

solution and then kept in distilled water for 24 hrs for 

further usage. A schematic illustration of quercetin 

encapsulation using modified alginate (Ca-Ag/Ba-Ag/

Mg-Ag) is presented in Figure 1. The % EE of quercetin 

was evaluated by analyzing the concentration of 

quercetin in the beads using UV spectrophotometry 

(Shimadzu UV-1900i) at 485 nm. The % EE of quercetin 

was calculated using: 

Where Mi, the amount of quercetin and Mf, the 

amount of bioactive quercetin present in the divalent ion 

solution after encapsulation. 

2.4 Quercetin release study 

A control release study of quercetin was performed 

using UV-Vis spectrophotometric method. First, 0.1 g of 

the bead and 20 ml of solution (pH 1.2 and 7.4) were 

filled into a beaker glass. The solution was stirred for 

160 mins, and 2 mL of solution was sampled periodically 

every 20 mins for free quercetin analysis. Accurately 1 

ml of 2% AlCl3 and 1 ml of 1.2 M potassium acetate 

were added to the sample. The solution was let to stand 

for 10 mins for color development with continuous 

stirring. The absorbance of the solution was measured 

using a UV-vis spectrophotometer at a wavelength of 

435 nm. The standard calibration curve was developed 

for quantification in the UV-Vis spectrophotometer 

(Shimadzu UV-1900i) analysis. Percent release of 

quercetin was calculated:  

Where, Ct, the amount of quercetin release at time 

(20, 40, 60, 80, 100, 120, 140 and 160 mins); C0 the total 

of quercetin in the first solution. 

2.5 Quercetin release kinetics study 

The mathematical fitting models are applied to 

confirm and explain the release behavior of quercetin 

from loaded, modified alginate (Ca-Ag/Ba-Ag/Mg-Ag 

based bead gels in pH 4.1 and 7.4 following the Zero 

Order, Higuchi model and Korsmeyer-Peppas model: 

Where Ct is the concentration of quercetin released 

at the time "t" (ppm) and C0 is the initial concentration of 

quercetin in the beads (ppm). k0, kH, and kp are the Zero-

order, Higuchi, and Korsmeyer-Peppas release constant, 

respectively. The n is the release exponent to determine 

the release mechanism. The fitting model of the release 

kinetics was evaluated using the linearization method. 

2.6 Swelling degree analysis 

The swelling ratio of modified alginate (Ca-Ag/Ba-

Ag/Mg-Ag) bead was calculated by measuring all 

hydrogels' average percentage of swelling degree. The 

swelling test was carried out in a solution of pH 1.2 and 

pH 7.4. The swelling ratio can be calculated using: 

Where Ws is the weight of swollen hydrogel and Wd 

is the weight of dry gel. 

2.7 Solubility analysis 

The dried bead gel (0.1 g) was added to water with 

pH 1.2 and 7.4 and stirred until the bead was dissolved. 

The solution was centrifuged at 3300 rpm for 15 mins. A 

total of 10 mL of the supernatant was transferred to a 

previously weighed petri dish and dried at 105°C to a 

constant weight. Solubility (g. 100 g 1 water) was 

calculated as the percentage of dry supernatant with 

initial weighted powder (1 g) (Mar et al., 2020). 

 (1) 

 (2) 

 (3) 

 (4) 

 (5) 

 (6) 

Figure 1. Schematic of the ionic crosslinking process. 
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Where Wd is the weight of dry beads, and Ws is the 

weight of supernatant. 

2.8 Sol-gel fraction analysis 

The bead gel was dried in an oven at 45°C until it 

showed a constant weight (Wo). It was then extracted for 

4 hrs in distilled water as a solvent. The uncross linked 

polymer (alginate) will be separated or lost by this 

extraction from the gel structure. Next, the extracted gel 

was dried in the oven at 45°C to constant weight (W1). 

The gel fraction can be determined using the formula 

below: 

2.9 Fourier transformed infrared  

The modified alginate (Ca-Ag/Ba-Ag/Mg-Ag) and 

matrix-loaded quercetin were analyzed by FTIR spectral 

analysis. It was performed using the KBr pellet method 

on a Perkin Elmer Spotlight 200i spectrophotometer 

(Perkin Elmer Inc., US) to confirm the information on 

chemical bonds or functional groups. The spectrum was 

recorded in 4000-400 cm-1 (Karaman, 2019). 

2.10 Scanning electron microscopy 

The morphological properties of modified alginate 

Ca-Ag/Ba-Ag/Mg-Ag matrix with encapsulated 

quercetin were evaluated using SEM (JEOL JSM 6510 

La, Tokyo, Japan) to determine the morphological 

changes caused by the encapsulation process. In 

addition, the particle size of each sample at a specific 

magnification of the SEM image was determined using 

ImageJ image analysis software (Version 1.50i). 

 

3. Results and discussion 

3.1 Scanning electron microscopy analysis 

Comparing crosslinking agents Ca2+, Ba2+ and Mg2+ 

on the modified alginate in beads gel were investigated 

by scanning electron microscopy (SEM). Micrographs of 

the alginate modified surface are shown in Figure 2. The 

surface of beads, in general, are rough surface 

morphology and visible wrinkles. It can be seen that the 

addition of divalent ions to alginate can increase the 

stability of the gel so that it forms smaller surface pores 

and makes it look more amorphous. Divalent ions Ca, Ba 

and Mg have different affinities for alginate. The greater 

the association of the divalent ion for the alginate, the 

more stable and robust the gel beads will be. In Figure 

2A, the surface morphology of the Ca2+ ion is rougher 

than Ba2+ and Mg2+. 

Meanwhile, adding Mg2+ to alginate makes the gel 

less rigid and looks smoother morphologically. Figure 

2B also shows that the addition of Ba2+ to the alginate 

makes the surface of the bead gel morphologically 

rough, even though it is not rougher than the Ca2+ ion. 

This is thought to be due to the lower solubility of Ba2+ 

than Ca2+, so ion accumulation is possible on the surface 

during the drying process (Bierhalz et al., 2014). 

Morphological analysis of quercetin that has been 

encapsulated using a modified alginate matrix can be 

seen in Figure 2D. Quercetin encapsulated using Ca-

Alginate matrix showed a more-rough and amorphous 

surface. This indicates that quercetin was successfully 

trapped in the matrix and adsorbed the bioactive. This is 

in agreement with the findings by Lacerda et al. (2014) 

that adding rifampicin causes the alginate surface to 

become rougher.  

3.2 Fourier transformed infrared  

The FTIR spectra of modified alginate with divalent 

ion Ca2+, Ba2+ and Mg2+ after quercetin was loaded were 

shown in Figure 3. FTIR analysis was performed on 

empty and encapsulated beads containing quercetin using 

crosslinker agents in the form of Ca2+, Ba2+ and Mg2+. In 

the wide strain band at 3500-3100 cm-1, the N-H 

 (8) 

 (9) 

Figure 2. SEM morphological analysis of modified Ca/Ba/Mg/

Alginate encapsulations (A) Ca/Alginate, (B) Ba/Alginate, (C) 

Mg/Alginate and (D) Ca/Alginate/Quercetin. 

 (7) 

Wavelength (cm-1) 

Figure 3. FT-IR Analysis of Modified Ca/Ba/Mg/Alginate: 

(A) Ca/Alginate (B) Ba/Alginate (C) Mg/Alginate (D) Ca/

Alginate/Quercetin (E) Ba/Alginate/Quercetin (F) Mg/

Alginate/Quercetin. 
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stretching vibrations overlap with the OH stretching 

vibrations. Furthermore, the characteristic spectral band 

of alginate is seen at 1645 cm-1, indicating the presence 

of C=O strain vibrations and O-H torsion vibrations of 

carboxylic acids (Lim and Ahmad, 2017). Although 

Figures 2A, 2B and 2C show approximately Ca-

Alginate, Ba-Alginate and Mg-Alginate, there is no 

significant difference in the spectra results. 

Figure 3 show the FTIR spectra of the encapsulated 

beads. The results showed several peaks almost having 

the same value as the presence of N-H, -OH and 

carboxylic acid groups in some peaks. In this quercetin 

loading, each new peak was located at 1271 cm-1. This 

peak can show the presence of C-O-C groups, which 

indicate quercetin loading in both Ca/Ag/Qe, Ba/Ag/Qe 

and Mg/Ag/Qe encapsulated beads (Hao et al., 2017). 

Thus, alginate with modified crosslinker agents Ca, Ba, 

and Mg successfully encapsulated quercetin in each 

treatment. 

3.3 Swelling behaviour 

Swelling behaviour of alginate modified Ca-Ag/Ba-

Ag/Mg-Ag beads that occurred due to types in 

crosslinking agents and pH. The immersion was carried 

out to determine the effect of swelling for 120 mins. The 

result of crosslinking agent and media pH on the 

swelling behaviour of alginate-modified Ca-Ag/Ba-Ag/

Mg-Ag beads can be seen in Figure 4.  

Swelling characteristics are the intrinsic properties of 

hydrogels. The gel enlarges due to the penetration of 

water or solvent into the space between the polymer 

chain network, which in some cases is triggered by pH 

and ionic strength (Guarrotxena and Quijada-Garrido, 

2016). This affects the mass transfer characteristics 

(diffusion of nutrients and oxygen) and their mechanical 

properties (Mihaila et al., 2013). For example, the 

swelling behaviour of alginate modified Ca-Ag/Ba-Ag/

Mg-Ag beads is shown in Figure 4, it can be seen that 

the swelling ratio (g/g) increased significantly with 

increasing immersion time. This phenomenon is caused 

by the increasing number of H+ and OH- ions that bind 

to the hydrophilic group of alginates (COO group - a 

carboxylic acid that quickly absorbs water) (Barleany et 

al., 2017). So that the polysaccharides will absorb more 

water and the swelling ratio will increase. Figure 4 

shows the maximum swelling ratio that occurred in the 

crosslinking agent types with divalent Ca2+ ions of about 

45 g/g and 22 g/g at pH 7.4 and 1.2, approximately. 

Although the divalent ion Ba2+ has the highest affinity 

for alginate, the selective binding of Ba2+ ions to the 

alginate makes the gel beads too tight and stiff, hindering 

water absorption on the gel surface. This follows the 

results of the previous morphological analysis, where the 

character of Ca2+ is rougher than Ba2+ and Mg2+, so water 

adsorption on the gel surface at C2+ is better than Ba2+ 

and Mg2+ ions. 

The media was used to analyze the swelling ratio and 

% solubility in pH 1.2 and 7.4. In Figure 4, the swelling 

ratio and % solubility have a good response at pH7.4 by 

showing a higher value than pH1.2. This phenomenon is 

because alginate will not dissolve under acidic 

conditions. After all, it forms an insoluble framework 

(Sriamorn-sak et al., 2007; Chuang et al., 2017).  

At pH <3.4, the concentration of H+ in high solution 

reacts with the carboxyl group on alginate to form a non-

ionic compound (-COOH) and reduce the number of 

carboxyl ions in the alginate so water adsorption will 

decrease and swelling gel will decrease at pH 1.2 (Jao et 

al., 2009). 

Meanwhile, at a lower pH concentration of H+ ions 

(pH>4.4), more carboxyl groups will result in polymer 

chain expansion and swelling of a hydrophilic matrix 

(Agüero et al., 2017). As a result, the swelling ratio of 

the modified alginate at pH 7.4 was higher than pH 1.2. 

Likewise, % solubility is proportional to the swelling 

ratio. Wardhani et al. (2021) also reported that pH 6.8 

increased swelling and % solubility value more than pH 

1.2. 

3.4 Water solubility behavior 

The solubility behavior has been used as the main 

parameter for a bead matrix hydrogel. This study 

examines the effect of crosslinking agents and pH media 

Figure 4. Swelling behaviour of alginate modified Ca-Ag/Ba-

Ag/Mg-Ag beads on the different crosslinking agents and pH. 
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on solubility behavior. Figure 5 shows the increase in 

solubility in line with the increase in the immersed time. 

The longer the bead gel is in contact with water, the 

longer the water adsorption process to the surface, and 

stirring during the analysis process also makes the %     

solubility of the bead gel greater. 

The effect of the type of crosslinking agent on the 

solubility % is also shown in Figure 5. The divalent ions 

used are Ca2+, Ba2+ and Mg2+. Ca2+ ions give a greater 

influence on the solubility of about 25%. Followed by 

Ba2+ and Mg2+ which are 20% and 18% at pH 7.4. The 

crosslinking process involves divalent ions (Ca2+, Ba2+ 

and Mg2+) with the carbonyl group bonding, namely the 

G block (guluronate) part of the alginate which forms an 

"egg box" model so that the gelation process (gel form) 

occurs (Hu et al., 2021). Each type of divalent ion 

between Ca2+, Ba2+ and Mg2+ has a different selectivity 

when carrying out the crosslinking process. The Ca2+ ion 

has a low selectivity to alginate in the crosslinking 

process. Meanwhile, Ba2+ and Mg2+ are more selective 

during the crosslinking process (Ardiles et al., 2021). 

This is because Ca2+, Ba2+ and Mg2+ have different 

binding modes on alginate. Calcium with carbonyl 

groups, namely G and MG blocks, barium with G and 

MM blocks. Between Ca and Ba the main binding mode 

is with G block, while Mg with carboxylate, namely 

uronate and the main is MG block so that the gel formed 

is less stable than Ca2+ and Ba2+ (Cao et al., 2020; Hasan 

et al., 2020). As a result, it affects the psychochemical 

properties of water solubility of alginate.  

3.5 Study of encapsulation efficiency of quercetin with 

Ca-Ag/Ba-Ag/Mg-Ag matrix 

The encapsulation process is expected to protect 

quercetin from the degradation of antioxidant 

compounds. In addition, alginates have promising 

properties related to their sensitivity to pH and ability to 

target a drug release (Agüero et al., 2017). Therefore, 

they combined quercetin with alginate with the best 

alginate formulation and crosslinking agent 

concentration. In this study, the best alginate 

concentration is 3%, and the crosslinking agent is 0.5 M. 

In the % efficiency analysis, crosslinking agent and 

quercetin concentration were used to determine how 

effectively quercetin encapsulation using the best 

formulation of alginate and crosslinking agent likes in 

Figure 6. 

Figure 6 shows the type of crosslinking affects the 

results of the % efficiency. Covalent ion crosslinking 

type Ca2+ has the highest % encapsulation efficiency 

compared to Ba2+ and Mg2+. At Ca2+, it can achieve 87% 

efficiency, while Ba2+ and Mg2+ are 80% and 72%. In 

this case, % encapsulation efficiency is influenced by the 

ability of alginate to form a gel (Draget et al., 2006). The 

quercetin encapsulation process in this study was carried 

out by forming beads in crosslinking solution. The 

formation of beads occurs due to the crosslinking process 

between divalent ions Ca2+, Ba2+, and Mg2+ with alginate, 

where divalent ions replace Na+ ions in sodium alginate 

(Ardiles et al., 2021). 

In Figure 6, it can be seen that the Na+ is bound to 

the GG (carboxyl) block group. The binding of Ca2+ and 

Ba2+ ions on the GG block and Mg2+ in the uronate group 

on the MG block forms an "egg box" (Hu et al., 2021). 

This can affect the gel's stability and alginate's ability to 

encapsulate quercetin. Ca2+ with not very selective and 

has more stable reactive properties and high % 

encapsulation efficiency than others due to good gel 

formation. Meanwhile, the unstable Mg2+ result in a % 

encapsulation efficiency is low (Topuz et al., 2012). 
Figure 5. Solubility behavior of alginate modified Ca-Ag/Ba-

Ag/Mg-Ag beads on the different crosslinking agents and pH. 

Figure 6. Effect of crosslinking agent and quercetin 

concentration on the percentage of encapsulation efficiency. 
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This study also analyzed the effect of encapsulated 

active ingredient (quercetin) concentration. Variable 

concentrations of quercetin used were 0.5,1, 1.5, 2 and 

2.5 ppm. Figure 7 shows the higher quercetin 

concentration increases % encapsulation efficiency. The 

encapsulation process with the ion crosslinking method 

was done by dissolving quercetin with ethanol and 

mixing it with an alginate solution. Then, the solution 

dropped into crosslinking agent solution (Ca2+, Ba2+ and 

Mg2+). This encapsulation process is called the 

exogenous method, which occurs simultaneously and 

quickly, so a concentration gradient of crosslinking 

agents and active compounds on the surface of alginate 

gel (Ramdhan et al., 2019). The gradient of quercetin 

concentration on the gel surface is influenced by the 

concentration of quercetin in the alginate solution. The 

higher concentration of quercetin affects the quercetin 

component encapsulated in alginate. Guo et al. (2018) 

reported that variations of encapsulated compound 

concentration would increase encapsulation efficiency 

even though they are insignificant 

3.6 Release of quercetin encapsulated by Ca-Ag/Ba-Ag/

Mg-Ag beads 

The release of quercetin in the modified alginate 

matrix was analyzed using % release with two media,that 

is, pH 1.2 and pH 7.4, and then the variable effect of the 

type of crosslinking agent (Ca2+, Ba2+ and Mg2+) which 

is shown in Figure 8. The release of quercetin from the 

modified alginate matrix is influenced by the ability of 

the alginate to develop (swelling) (Sanchez-Ballester et 

al., 2019). Figure 7 shows that the % release of quercetin 

at pH 7.4 was higher than pH 1.2, so the swelling ratio of 

alginate was better than pH 1.2. 

The pH conditions smaller than pKa, alginate, and 

alginic acid are strong because they form bonds that bind 

the encapsulated material and protect it from harsh 

environmental conditions (Goswami et al., 2014). It is 

known that gastric fluid media does not damage alginate 

nanoparticles because the pH conditions are below the 

pKa of alginate, thus providing stability to the 

nanoparticles and making them suitable carriers in oral 

formulations (Goswami et al., 2014). 

A more targeted drug/active compound release 

occurs in the large intestine. Due to its therapeutic 

benefits, the large intestine has the primary function of 

absorbing water and salt from digested food and storing 

waste products until they are excreted. Another 

advantage is that the activity of proteolytic enzymes is 

relatively low compared to the small intestine (Prasanth 

et al., 2012). Bacteroides, Bifidobacterium, 

Eubacterium, Peptococus, Lactobacillus, and 

Clostridium produce various reductive and hydrolytic 

enzymes as secretions which are responsible for the 

degradation of di- and tri-polysaccharides through the 

breakdown of polymer strength. However, alginate is not 

degraded by human colonic bacteria (Agüero et al., 

2017). 

3.7 Release kinetic of encapsulated quercetin in Ca-Ag/

Ba-Ag/Mg-Ag beads 

The release of quercetin from alginate was 

influenced by pH conditions and the type of crosslinking 

agent. Therefore, further analysis related to the release of 

quercetin from alginate was carried out by calculating 

the value of the quercetin release kinetics constant on the 

variable pH and type of crosslinking agent. The kinetic 

models used in this study are the Zero order, Higuchi and 

Korsmeyer-Peppas models. The data of the kinetic model 

of the quercetin release in the modified alginate are 

presented in Table 1. 

The results of the value of the relational constant 

(R2) from Table 1 for the three kinetic models of Zero 

order, Higuchi and Korsmeyer-Peppas indicate that the 

R2 value that is close to 1 is the Korsmeyer-Peppas 

model with the average R2 value for all variables and the 

pH medium of quercetin release with matrix modified 

alginates (Ca-Ag, Ba-Ag, and Mg-Ag) 1.2 and 7.4 are 

0.975. This results in the release of quercetin using a 

modified alginate matrix (Ca-Ag, Ba-Ag, and Mg-Ag) is 

more suitable and leads to the Korsmeyer-Peppas kinetic 

Figure 7. Effect of crosslinking agent and pH on the percentage of release of quercetin (A) Ca-Ag; (B) Ba-Ag; (C) Mg-Ag. 
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model. The same results reported by several previous 

researchers, da Silva Fernandes et al. (2019) showed that 

the kinetic model of the crosslinking of Ca2+, Zn2+ and 

Mn2+ alginates led to the Korsmeyer-Peppas kinetic 

model with an R2 value of 0.984. Sariyer et al. (2020) 

have also carried out other research. In this study, 

alginate with a combination of carrageenan was used as a 

BSA protein encapsulation matrix by using the influence 

of the pH variable and the crosslinking agent. The types 

of ions used are Ca2+ and K+. Therefore, a suitable 

kinetic model was applied to the release of BSA protein 

using a modified matrix of alginate and carrageenan with 

a crosslinked ion, namely Korsmeyer-Peppas, with a 

correlation coefficient value (R2) of 0.995. Other 

researchers have also shown that using modified alginate 

with ionic crosslinking leads fits the Korsmeyer-Peppas 

kinetic model (Wardhani et al., 2021). 

The Korsmeyer-Peppas kinetic model has a constant 

value of n, namely the diffusional exponent. According 

Figure 8. Fit of the experimental data of the percentage of release quercetin with kinetic model. 

Crosslinking 

Agent 
pH 

Zero Order Higuchi Model Korsmeyer-Peppas Model 

k0 R2 kH R2 kp n R2 

Ca/Ag 
1.2 1.20×10-1 0.934 1.2843 0.952 4.80×10-3 1.024 0.992 

7.4 1.36×10-1 0.919 1.4581 0.972 5.60×10-3 1.021 0.990 

Ba/Ag 
1.2 1.03×10-1 0.859 1.2983 0.973 4.00×10-3 1.042 0.963 

7.4 1.20×10-1 0.869 1.1107 0.985 6.40×10-3 0.970 0.975 

Mg/Ag 
1.2 7.86×10-2 0.881 1.1212 0.983 5.94×10-3 0.912 0.976 

7.4 8.67×10-2 0.861 0.9675 0.987 5.35×10-3 0.937 0.975 

Table 1. Quercetin release kinetics models. 
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to Ritger and Peppas (1987) that the value of n resulting 

from the calculation of the Korsmeyer-Peppas kinetic 

model means the type of mechanism of diffusion of the 

encapsulated active ingredient. Beads with a spiral shape 

(round) can expand in media with a specific pH value. If 

the value of n is equal to or less than 0.43, it indicates 

Case I (Fickian diffusion); if n is equal to or greater than 

0.85, the case II transport mechanism (polymer 

relaxation) predominates. In most cases, the released 

molecules with kinetic behavior depend on the diffusion 

and relaxation mechanisms' relative ratio, referred to as 

the transport anomaly, where the diffusion exponent, n, 

is between 0.43<n˂0.85. Table 1 shows the average n 

value is above 0.85. The same result was also conveyed 

by Sariyer et al. (2020). 

 

4. Conclusion  

Preparation of alginate modified by ionic 

crosslinking methods (Ca2+, Ba2+ and Mg2+) as a 

quercetin encapsulation matrix with the effect of 

crosslinking agent (Ca2+, Ba2+ and Mg2+) and pH. 

Swelling ratio and % solubility of the bead gel increased 

with time. The maximum swelling of 69 (g/g) and % 

solubility 36% at the Ca2+ as crosslinking agent. In this 

case, % EE of quercetin with Ca-Ag, Ba-Ag and Mg-Ag 

matrix reached 87%. The pH response of Ca-Ag, Ba-Ag, 

and Mg-Ag bead gel was investigated using pH 1.2 and 

7.4. The concentrations of crosslinking agents CaCl2, 

BaCl2, MgCl2 0.4 M were selected to evaluate the study 

of quercetin release from the matrix. At pH 7.4, % 

release of quercetin gave the maximum yield of 78% 

with crosslinking agent CaCl2, while at low pH (1.2), the 

release of quercetin did not occur sustainably. The 

suitable release kinetics study on quercetin was the 

Korsmeyer-Peppas model with a value of R2 0.975 and a 

value of n 0.984 which indicates that the mechanism that 

occurs in quercetin release is a polymer relaxation 

transport mechanism. The success of methacrylate being 

covalently bound was proven by FTIR analysis, where a 

new peak appeared at 1271 cm-1, it is the peak 

characteristic of the carbonyl group C-O-C group that is 

indicating quercetin loading in both Ca/Ag/Qe, Ba/Ag/

Qe, and Mg/Ag/Qe encapsulated beads. Morphological 

analysis was carried out by SEM, Ca-Ag, Ba-Ag, Mg-Ag 

had a porous and rough surface. The results show that Ca

-Ag, Ba-Ag, Mg-Ag beads can be successful as a drug 

delivery system for the control of quercetin release. This 

evidently established that the Ca-Ag, Ba-Ag, Mg-Ag 

bead gel can be exercised in medicine and applications 

related to pharmaceutics for further use in futures. 
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