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Abstract: The aim of this study was to investigate the effect of stirring speed and biopolymer types on 
size and shape of chitosan-alginate capsules produced through extrusion-dripping method. Chitosan-
alginate capsules were produced by extruding chitosan-calcium chloride solution into sodium alginate 
solution. As a result, capsules with defined inner core and membrane were formed. Under the tested 
conditions, chitosan-alginate capsules with diameter in a range of 3.6 mm to 4.1 mm were produced. 
The result shows that the shape of chitosan-alginate capsules was significantly affected by the stirring 
speed. At the stirring speed of 600 rpm, mainly small and spherical capsules were produced. It was 
found that chitosan-alginate capsules produced from guluronic acid-rich alginate (AHG) were larger in 
term of diameter and membrane thickness as compared to those produced from mannuronic acid-rich 
alginate (AHM). The molecular weight of chitosan has no significant effect on diameter, shape and 
membrane thickness of the capsules. 
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INTRODUCTION 

 
Encapsulation is defined as a process of entrapping biological active compounds within a matrix in 

particulate form (Chan et al., 2012). Encapsulation has been widely applied in biotechnology related industries 
such as pharmaceutical, environmental, food industry and dairy product industries due to its unique 
characteristics (Lee et al., 2005). In these applications, predictable and controllable release characteristics as 
well as good aesthetic appearance of product are important (Chan et al., 2009). Therefore, the capsule formed 
for the application is desirable to have narrow size distribution and spherical shape. 

Alginate is composed of natural polysaccharide derived from brown seaweed and its basic structure consists 
of linear unbranched polymers containing -(1-4)-linked D-mannuronic acid (M) and α-(1-4)-linked L-
guluronic acid (G) residues. It is one of the most widely applied biopolymers for encapsulation because it is 
abundantly available and non toxic. Moreover, it can easily form biocompatible gel matrix in the presence of 
calcium ions under mild conditions. Despite all the attractive features of calcium alginate matrix, it has 
limitation upon interaction with chelating agents such as phosphate, citrate and lactate (Smidsrod and Skjak-
Braek, 1990). Therefore, one of the solutions to resolve the chemical instability issue of calcium alginate matrix 
is by introducing the chitosan to the calcium alginate matrix via external coating or internal gelation.  

Chitosan is obtained by partial alkaline N-deacetlylation of chitin which found in the shell of crustaceans. It 
is polycationic biopolymer consist of glucosamine and N- acetylglucosamine. Similar to alginate, it has been 
applied in wide applications because it is abundantly available, nontoxic and biocompatible. The polycationic 
nature of chitosan leads to a strong interaction with polyanionic biopolymer such as alginate (due to having an 
opposite charge). The formation of polyelectrolyte complex could be used to stabilize the capsule from chelating 
agents.  

Chitosan-alginate capsules can be produced through ionic gelation. It is commonly conducted by dropping 
an alginate solution into gelling medium consist of an aqueous solution of calcium chloride and chitosan (Lee et 
al., 1997 and Albarghouthi et al., 2000). In the inverted procedure, the mixture of chitosan and calcium chloride 
solution is dropped into an alginate solution. As a result, a liquid chitosan core surrounded by interphasic 
chitosan-alginate membrane is produced (Daly et al., 1988). 

The size and shape of the chitosan-alginate capsules are influenced by formulation of the biopolymer 
solution, gelling agent solution and process variables. The process variable influences the size and shape based 
on previous works are concentration of chitosan and alginate, types of biopolymer as well as process variable 
like dropping height  and stirring speed (Takka et al., 1999;Blandino et al., 2000; Chai et al., 2004; Abang et al., 
2012).To date, there are no studies reported to systematically study the effect of stirring speed and biopolymer 
types on size and shape of chitosan-alginate capsules. 
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The aim of this study was to investigate the effect of process variable on physical properties of chitosan-

alginate capsules produced through extrusion-dripping method. The studied process variable includes stirring 
speed and types of chitosan and alginate. The physical properties of chitosan-alginate capsules determined were 
size, shape and membrane thickness.   

 
MATERIALS AND METHODS 

 
Materials: 

Calcium Chloride (Bendosen, Norway), Tween 80 (Merck, Germany), acetic acid glacial 99.8% (Bendosen, 
Norway). Sodium alginate with different M/G ratio was purchased from Kimitsu Chemical Industries Japan. 
Chitosan of different molecular weight were provided by Acros Organic, Belgium. The details of chitosan and 
sodium alginate listed in Table 1 and Table 2. Alginate solution 1 % (w/v) was prepared by dissolving sodium 
alginate in distilled water. Chitosan solution 1 % (w/v) was prepared by dissolving chitosan in distilled water 
containing concentrated acetic acid glacial 98.8%. Calcium chloride was also added into chitosan solution. The 
chitosan-calcium chloride solutions 1 % (w/v) were maintained at pH 2.5. 

 
Table 1: Physical properties of types of chitosan 

Type Identification Molecular weighta[12] Degree of deacetlylation(%) 
Chitosan CMW 10000-30000g/mol 82+2a

Chitosan CHW 60000-80000g/mol 80-90b

a The value was obtained from (Munro and McGrath , 2012). 
b Information was provided from manufacturer. 

 
Table 2: Physical properties of types of sodium alginate a 

Type Identification Viscosity 1 % solution (mPa.s)a M/G ratioa 

Sodium alginate (Kimitsu Algin 1-3) AHM 50-80 55:45 
Sodium alginate(Kimica Alginex ) AHG 200-400 45:55 

a Information was provided from manufacturer. 

 
Preparation Of Chitosan-Alginate Capsules: 

The experimental set-up for chitosan-alginate capsules formation is shown in Figure 1.The chitosan-
calcium chloride solution was extruded into the sodium alginate solution through the hypodermic needles 
(Terumo Corporation, Australia) with outer diameter 0.8 mm needle. The distance between the edge of the 
needle and surface of the sodium alginate solution was fixed to 2 cm. The depth of the gelation bath was fixed to 
4 cm. The gelation time of the chitosan-alginate capsules was fixed at 30 min under constant stirring speed. 
After gelation, the chitosan-alginate capsules formed were filtered and washed thoroughly with distilled water to 
remove unreacted reagents. The capsules were stored in 0.5 % (w/v) calcium chloride prior to size and shape 
analysis. 

 

 
 

Fig. 1: The schematic diagram for extrusion dripping method 
 

Characterization of Chitosan-alginate capsules: 
The size, shape and membrane thickness of the chitosan-alginate capsules were characterized. An average 

of 30 capsules was taken for each analysis. The images of the capsules were captured using a digital camera 
(Canon Power Shot A2200, Japan). The images were analyzed using Sigma ScanPro5 software (USA) to 
determine diameter and minimum and maximum diagonal length of the capsules. The data were then used for 
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membrane thickness of the capsules from AHM alginate was 3.90 mm, regardless of chitosan types. The results 
showed that chitosan (CMW and CHW) molecular weight has no significant effect on the membrane thickness 
of capsules. It is speculated that the molecular weight cut off of the alginate gel could be much lower than the 
molecular weight of both chitosan types tested. As a result, the gelation process between alginate and chitosan 
was not significantly affected by the chitosan types.  

        

 
 

Fig. 2: Diameter of chitosan-alginate capsules formed under various stirring speeds. 
 

 
 

Fig. 3: Shape distribution of chitosan-alginate capsules formed under various stirring speeds. 
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Fig. 4: Diameter of chitosan-alginate capsules formed using different types of chitosan and sodium alginate. 
 

 
 

Fig. 5: Membrane thickness of chitosan-alginate capsules formed using different types of chitosan and sodium  
            alginate. 

 
Figure 6(a) and (b) show the shape distribution of chitosan-alginate capsules formed by different types of 

chitosan (CMW and CHW) and sodium alginate. As shown in both Figures, more than 50% of the capsules 
formed were in spherical shape, regardless of the types of chitosan and sodium alginate used. However, there 
were some deformed capsules when CHW chitosan was used in the formation. Since the high molecular weight 
chitosan (CHW) produces viscous liquid core solution, the solution droplet may need longer travelling distance 
than 2 cm (fixed in this study) before penetrating into the gelation bath. Long traveling distance is needed by the 
viscous solution droplet to regain spherical shape before gelation (Chan et al., 2009 and Chan et al., 2012). 
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Fig. 6: Shape distribution of chitosan-alginate capsules formed by different types of chitosan (a) CMW (b)  
            CHW and sodium alginate. 

 
Effect Of Alginate Types: 

Figure 4 illustrates the diameter of the capsules formed by different types of chitosan and sodium alginate. 
As presented in Figure 4, the diameter of chitosan-alginate capsules formed by AHG alginate and AHG alginate 
was averagely 4.5 mm and 3.9 mm, respectively. The diameter of the capsules was not influenced by the 
chitosan type. The results indicated that alginate type has significant effect on the diameter of the capsules. This 
could be explained by the M/G ratio of the alginate used. It has been reported that the guluronic acid-rich 
alginate produced larger gel particles than that of mannuronic acid-rich alginate (Chan et al., 2009). This could 
be attributed to the gels formed by the guluronic acid-rich alginate which are rigid, open and static (Draget et 
al., 1997). 

The membrane thickness of chitosan-alginate capsules formed by different types of chitosan and sodium 
alginate was illustrated in Figure 5. The membrane thickness of the capsules formed by AHG alginate and AHM 
alginate was significantly different, regardless of the chitosan type. The membrane thickness of the AHG 
alginate capsules was approximately 0.04 mm thicker than that of AHM alginate capsules. As mentioned earlier, 
the guluronic-acid rich alginate forms open, rigid and static gel which eases the diffusion of gelating agents (i.e. 
calcium cation and chitosan) to cross-link or complex with the free binding site across the gel (Draget et al., 
1997). As a result, thick membrane is formed by guluronic acid-rich alginate. 

Shape distribution of the capsules formed by different types of chitosan and sodium alginate is shown in 
Figure 6. In regard to the alginate type, AHM alginate produces more spherical capsules than AHG alginate. In 
reference to Table 2, the viscosity of 1 % (w/v) AHG alginate solution was higher than that of AHM alginate 
solution and hence, the AHG alginate solution induced higher shear force to the capsule during formation. As a 
consequence, the capsules formed by AHG alginate solution are expected to have higher tendency to deform 
than that of AHM alginate solution (see Figure 6). 

 
Conclusion: 

The diameter, membrane thickness and shape distribution of the chitosan-alginate capsules formed under 
different stirring speeds was studied. In general, the diameter of the capsules was not affected by the stirring 
speed. At low stirring speeds (400 and 500 rpm), the capsules were deformed/elongated and hence, the capsule 
diameter was deviated and became larger than that of spherical capsules. At high stirring speeds, the centrifugal 
force generated by whirlpool cavity in the gelation bath was large enough to facilitate the penetration of the 
droplets into the gelation bath. As a result, spherical capsules were formed. In addition, the chitosan type was 
found to have no significant effect on the diameter, membrane thickness, and shape distribution of the capsules. 
This could be due to the molecular weight of the chitosan tested in this study was far higher than the molecular 
weight cut off of the alginate gel. Lastly, the guluronic acid-rich alginate (AHG) was found to form capsules 
with larger diameter and membrane thickness. This is because the AHG alginate tends to form open, rigid, and 
static gel than AHM alginate. However, the number of spherical capsule formed by AHG alginate was less than 
that of mannuronic acid-rich alginate (AHM). This is because the viscosity of the AHG alginate solution used in 
this study is higher than that of AHM alginate solution. In conclusion, the diameter and membrane thickness of 
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chitosan-alginate capsules were affected by the alginate type. The shape of the capsules was influenced by the 
stirring speeds and alginate type. 
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