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ABSTRACT 

The aim of this work was an experimental study of the possibility of formation of capsules by different types of 

polymers. In this work, several types of polymers were chosen as encapsulating materials: amide pectin, alginate and 

gelatin. In the experiment different polymer concentrations were used and the dependence of the formation of spherical 

capsules from the concentration of the encapsulating substance was studied. It was experimentally established that elastic, 

preserving the structure of spherical capsules are obtained by using alginate / gelatin in a percentage of 1/1. The strength of 

the capsules was also studied. As a result, it was found that the best option is the composition of capsules containing 1% 

gelatin and 1% alginate. Capsules made of this composition have a rounded spherical shape, the same size, and they are 

resistant to physical impact. As a result of the study of rheological characteristics of natural polymers, promising for 

obtaining capsules, it can be concluded that the most suitable samples for the creation of new functional gel systems based 

on natural polymers are the ratio of alginate and gelatin, because they form heat-reversible gels. 

 
Keywords: encapsulation, amide pectin, alginate, gelatin. 

 

INTRODUCTION 

One of the outstanding achievements of the late 

20th century is the development of a fundamentally new 

concept of "probiotics and functional nutrition", which 

affects on many fundamental and applied aspects of 

human health, medicine and biotechnology 

Today, there is no clear definition of the concept 

of probiotics, but the most applicable, approved in 2001 by 

FAO / WHO is as follows: "probiotics are living 

microorganisms that in adequate quantities have a 

beneficial effect on human health» [1, 2]. As the recent 

studies show, the effect of probiotics is not limited to the 

correction of micro flora, their clinical efficacy is also 

based on immunomodulatory functions and participation 

in metabolism. The identified points of application of 

probiotics allow to expand the indications for their 

purpose and to design drugs with the desired properties 

[3]. 

However, today numerous studies show that a 

significant part of the probiotic cells loses its activity due 

to the death of microorganisms during storage of products, 

as well as in the process of passing through the 

gastrointestinal tract. The reasons for this are the low pH 

of the stomach, the effect of hydrochloric acid and pepsin 

of gastric juice, etc. [4].  

The survival of probiotic cultures depends on 

various factors, including storage conditions, fermentation, 

etc., and it is an individual characteristic of each individual 

strain. In this regard, selecting strains with a high degree 

of resistance to adverse factors, it is possible to increase 

the degree of "probiotic effect of the product".  

In addition to breeding acid-resistant strains, 

scientists have tried to increase cell survival in various 

ways. The most promising direction for solving this 

problem is the use of a special case of the process of 

immobilization of bacterial cells - encapsulation.  

Encapsulation is an intensively developed 

technology that has found wide application in various 

industries and is a good example of the use of micro 

technologies in food science and biotechnology.  

The process of encapsulation of probiotics is the 

creation of polymer systems in the form of hydrogel 

matrices and microcapsules with immobilized microbial 

cells. Microcapsules have a dense shell, which acts as a 

semi permeable membrane, and the internal liquid content. 

The cells of microorganisms are localized in a matrix 

formed inside the capsules, where they can multiply freely 

[3], and the encapsulating substance must be safe and able 

to form a barrier to protect probiotics. 

For encapsulation process different materials 

such as pectin, alginate, gelatin, gellanova resin, chitosan, 

etc. are used.  

Among all encapsulating materials alginate 

hydrogels are most widely used [5, 6] because of its ease 

of use, non-toxicity, biocompatibility and low cost [5, 7, 

8]. A research group of scientists at the University of 

Reading (UK) actively uses alginate as an encapsulating 

substance for probiotics. They conducted experiments on 

encapsulation of Bifidobacterium breve in alginate matrix 

with chitosan-coated capsules. As a result, it was found 

that the use of alginate as an encapsulating substance 

increases the viability of probiotic cells at pH 2 [9].  

High viability in the environment of the 

gastrointestinal tract is demonstrated by the probiotic 

Lactobacillus plantarum encapsulated in a small amount of 

alginate (2%), the efficiency of encapsulation was 93% 

and cell viability was ensured for a long time [10]. There 

are also other positive results of the use of alginate in the 

encapsulation of probiotics in order to preserve the 

number of viable cells when passing through the 

gastrointestinal tract [11-16]. 
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Of particular interest is the use of pectin in the 

technique of encapsulation. Pectins are a good material for 

targeted delivery of biologically active substances. They 

are resistant to enzymatic digestion in the mouth and 

stomach, but decompose under the action of intestinal 

microflora enzymes, making them suitable for the delivery 

of acid-sensitive food biocomponents [17].  

A number of studies show that pectin can be used 

to form nanoparticles suitable for the delivery of bioactive 

components. In the work of French scientists [18] for the 

protection of the B. bifidum in the process of sublimation 

drying, the alginate/ pectin matrix was used. In Malaysia 

[19], a comparative study of three encapsulation systems 

was conducted: calcium alginate, calcium pectinate, and 

calcium alginate/pectinate. As a result, it was shown that 

pectin capsules are more durable than alginate, and their 

strength was improved by coating with chitosan. 

Recent studies of our group have shown the 

possibility of using pectin to encapsulate Lactobacillus 

casei. As a result of the use of pectin, the index of cell 

viability was increased when passing through the 

gastrointestinal tract and amounted to 109 CFU/ml. [3]. 

The aim of this work is to select the appropriate 

concentration of the polymer, contributing to the 

formation of spherical capsules. To achieve this goal, the 

following tasks were identified: 1) to prepare different 

concentrations of the polymer; 2) to obtain capsules by 

drip method; 3) to conduct microscopy of capsules in 

order to establish the morphology of the capsules. 

 

MATERIALS AND METHODS 

Experimental studies were conducted in the 

laboratory of the departments "Technology of food 

products and light industry", "Standardization and 

biotechnology" of the Shakarim Semey State University.  

The capsules (without probiotic) were obtained 

by extrusion (drip method) at the laboratory installation. 

The installation for encapsulation was made at the expense 

of the grant of MES RK on the topic "Scientific and 

practical justification of the use of encapsulated synbiotic 

drugs with immunostimulating activity in the production 

of dairy products", in the Siberian research Institute of 

cheese making in Barnaul. 

 

Materials 

Amide pectin CU 020 was obtained from the 

company HERBSTREITH & Fox KG (Germany). Sodium 

alginate, gelatin, calcium chloride were purchased in LLP 

"КаzHimBaza". 
 

Solution preparation 

Natural polymers such as pectin, sodium alginate 

and gelatin were used to produce the capsules. For the 

preparation of solutions, polymers in a concentration of 

1%, 2%, 3% are dissolved in distilled water and brought to 

a temperature of 60-650C by stirring with a stirrer with a 

speed of 150-200 rpm. The time of complete dissolution of 

the polymer to form a homogeneous solution is 

determined to be 1.5 hours. The settling time of the 

solution at a temperature of 60-650C to remove air bubble 

inclusions is determined to be 1 hour. 

 

Preparation of capsules 

Production of capsules was carried out on the 

laboratory experimental installation by extrusion method. 

Solutions at a concentration of 1%, 2%, 3% were extruded 

in 50 ml of 0.15 M calcium chloride solution. The 

capsules were formed immediately after the interaction 

with calcium chloride, left them in the solution for 30 min. 

After curing, the capsules were removed from the solution 

by filtration. 

 

Structural and mechanical properties and capsules size 

To determine the morphology of the capsules 

Microscope XS-2100 microscope was used. The obtained 

capsules were fixed on the object table and microscoped at 

an increase of 4/0.1 X. The strength of the capsules was 

determined using a penetrometer.  

 

Determination of the viscosity 

Determination of the viscosity was carried out on 

a rotational viscometer type RVT Brookfield. The set of 

viscometer includes 7 types of rotor, differing in diameter 

of the disk and the range of the measured viscosity. To 

make measurements it is necessary to select the 

appropriate rotor and screw it to the output shaft of the 

rotor. Immerse the work item in the test sample. Select the 

desired rotor speed. Wait for the stabilization of the 

readings (the stabilization time depends on the speed of 

rotation and characteristics of the tested liquid, usually 

after 5 rotations of the rotor). Take results from the dial. 

 

RESULTS AND DISCUSSIONS 

In this work, several types of polymers were 

chosen as encapsulating material: amide pectin, alginate, 

and gelatin. To substantiate the selected encapsulating 

material, experimental studies to determine the possibility 

of capsule formation of amide pectin in a concentration of 

1%, 2%, 3%, alginate in a concentration of 1%, 2%, 3%, 

gelatin in a concentration of 1%, 2% and 3%, as well as 

the ratio of gelatin and alginate 1/1%, 2/1%, 3/1%, 4/1% 

have been conducted. The main objective of the 

experiment at this stage was to obtain the most spherical 

capsules, as the correct form of capsules leads to a more 

effective result. 

For example, encapsulating with 1% aqueous 

solution of amidated pectin capsules are formed soft in 

consistency, heterogeneous in structure, with rough 

surface, not spherical shape, so the determination of their 

size was difficult. 

The capsules obtained by encapsulation with 2 % 

aqueous solution of amidated pectin are characterized by a 

soft consistency, homogeneous structure, more oval shape 

and an average size of 3.0×10-3m, homogeneous smooth 

surface and low density. Encapsulating with 3 % aqueous 

solution of amidated pectin capsule is characterized by a 

homogeneous structure, a rounded spherical shape and an 

average size of 3.0×10-3m, a uniform smooth surface and 

a higher density in comparison with capsule obtained by 
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the encapsulation of 2 % aqueous solution of amidated pectin (Table-1).  

 

Table-1. The results of the formation of capsules by different types of polymers. 
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Amide pectin 

1% - 
Soft, weak structure-

preserving 
Transparent 

Capsule form a non-

spherical shape 

2% 3,0 
Soft, weak structure-

preserving 
Transparent Form oval capsules 

3% 3,0 
Elastic, retaining 

structure 
Transparent 

Form a spherical 

capsule 

Alginate 

1% 3,0 
Elastic, retaining 

structure 
Transparent 

Form a spherical 

capsule 

2% 3,2 
Elastic, retaining 

structure 
Transparent 

Form a spherical 

capsule 

3% 3,4 
Solid, retaining 

structure 
Transparent 

Capsule form a non-

spherical shape 

Gelatin 

1% - - - 
Capsules are not 

formed under these 

conditions 

2% - - - 

3% - - - 

Relation 

Gelatin/ 

Alginate 

1/1% 2,8 
Elastic, retaining 

structure 
Transparent 

Form a spherical 

capsule 

2/1% 2,7 
Elastic, retaining 

structure 
Transparent 

Form a spherical 

capsule 

3/1% 2,7 
Soft, weak structure-

preserving 
Transparent 

Form a spherical 

capsule 

4/1% - 
Soft, weak structure-

preserving 
Transparent 

Capsule form a non-

spherical shape 

 

Figure-1 shows the capsules obtained from 

different concentrations of amide pectin. Image obtained 

by increasing 4/0,1 X microscope Microscope XS-2100. 

As can be seen from Figure-1, increasing the polymer 

concentration contributes to the formation of more 

spherical capsules. 

Thus, encapsulation with 1% aqueous alginate 

solution obtained capsules are homogeneous in structure, 

round shape and average size of 3.0×10-3m, with smooth 

surface and high density. The capsules obtained during 

encapsulation with 2 % aqueous alginate solution are 

characterized by a more rounded spherical shape and an 

average size of 3.2×10-3m, a homogeneous smooth 

surface and a higher density. Capsules obtained by 

encapsulation with 3% aqueous solution of alginate is 

characterized by a homogeneous structure, more rounded 

elongated shape and an average size of 3.4×10-3m, with 

more smooth surface and more solid consistency in 

comparison with the capsule obtained by encapsulating c 

2% aqueous alginate solution. 

Figure-2 presents a capsule made from different 

concentrations of alginate. Images obtained by 

magnification of 4/0. 1X on microscope XS-2100. 

As can be seen from figure 2, an increase in the 

concentration of alginate contributes to the formation of 

harder capsules. 

Thus, using 1%, 2%, and 3% aqueous solution of 

gelatin, the formation of capsules was not observed. 

The recent rapid development of food production 

with encapsulated probiotics from pectin, alginate and 

gelatin has necessitated further improvement of 

encapsulation technology. 

Analysis of the literature data allows us to 

conclude that one of the ways of such improvement is the 

development of new formulations of gelatin base for 

encapsulation using polysaccharide. This will increase the 

yield of high-quality finished product, reduce the 

consumption of gelatin. According to the available data 

polysaccharides can have a significant effect on gelation 

of gelatin and a synergistic effect on the rheological 

properties of structured gelatin systems that is why in the 

first place of interest are the additives of polysaccharides. 

In addition, many natural polysaccharides (alginates, 

chitosan) are biologically active substances by themselves, 

so their use will increase the nutritional and therapeutic 

and preventive value of the product. 
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Thus, when encapsulated in a ratio of 1% 

aqueous gelatin solution and 1% aqueous alginate capsules 

are obtained homogeneous in structure, round shape and 

an average size of 2.8×10-3m, with a smooth surface and 

high density. The capsules obtained during encapsulation 

in a ratio of 2% aqueous gelatin solution and 1% aqueous 

alginate solution are characterized by a more rounded 

spherical shape and an average size of 2.7×10-3m, a 

homogeneous smooth surface. Encapsulation with 3% 

aqueous solution of gelatin and 1% aqueous alginate 

capsule is characterized by a homogeneous structure, soft 

consistency and a more rounded elongated shape and an 

average size of 2.7×10-3m, with more uniform smooth 

surface. Encapsulation with 4 % aqueous gelatin solution 

and 1% aqueous solution of alginate capsules are formed 

soft in consistency, non-uniform on structure, the rough 

surface, non-spherical shape, so the determination of their 

sizes was difficult. 

Figure-3 shows capsules obtained from different 

concentrations of gelatin and alginate. Images obtained by 

magnification of 4/0.1X on microscope XS-2100. 

As can be seen from Figure-3 with increasing the 

concentration of gelatin (4% gelatin and 1% alginate), 

capsules is formed inhomogeneous in structure, with a 

rough surface, not spherical in shape.  

At the next stage of the experiment, the structural 

and mechanical properties of the obtained capsules were 

determined. The strength of the capsules was determined 

using a penetrometer. The results of the experiment are 

shown in Fgure-1.4.  

Figure-4 presents data on the strength of capsules 

from different concentrations of amidated pectin. 

By analyzing the data of Figure-4, it was found 

that an increase in the concentration of amide pectin 

contributes to the formation of more spherical capsules. 

When encapsulating c 3% aqueous solution of amide 

pectin capsule is characterized by a homogeneous 

structure, a rounded spherical shape, a uniform smooth 

surface and a higher density in comparison with the 

capsule obtained by encapsulating c 2% aqueous solution 

of amide pectin.  

Figure-5 presents data on the strength of capsules 

from different alginate concentrations. 

 

 
 

Figure-1. Results of microscopy of capsules from amide pectin. 

 

 
 

Figure-2. Results of microscopy of capsules from alginate. 
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Figure-3. Results of microscopy of capsules from gelatin and Alginate. 

 

 
 

Figure-4. The strength of capsules from different concentrations of amidated pectin. 

 

 
 

Figure-5. The strength of capsules from different alginate concentrations. 
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Figure-6. The strength of capsules from different concentrations of gelatin and alginate. 

 

Analyzing the data of Figure-5 it was found that 

increasing the concentration of alginate promotes the 

formation of more solid capsules.  

Based on the data of the Figure-5 it can be 

concluded that the encapsulation with 1% aqueous 

solution of alginate capsules are obtained homogeneous in 

structure, round shape, with a uniform smooth surface and 

high density and are the best option. 

Figure-6 presents data on the strength of capsules 

from different concentrations of gelatin and alginate. 

Analyzing the data of Figure-6, it was found that 

with increasing in the concentration of gelatin (4% gelatin 

and 1% alginate) capsules are formed inhomogeneous in 

structure, with a rough surface, not spherical shape. 

On the basis of the experiments it can be 

concluded that the best option is the composition of 

capsules containing 1% gelatin and 1% alginate. Capsules 

made of this composition have a rounded spherical shape, 

the same size, and are resistant to physical stress.  

An important concept that characterizing the 

properties of polymer solutions is viscosity (internal 

friction) - one of the transport phenomena, the property of 

fluid bodies (liquids and gases) to resist the movement of 

one part relative to another. As a result there is dispersion 

in the form of heat of the work spent for this movement. 

To obtain capsules with walls of uniform 

thickness, it is necessary to prepare a solution with a 

certain (specified) viscosity. The viscosity of solutions 

generally depends on many conditions, such as the 

composition of the solution, the concentration of 

components, the temperature of the solution, the pH of the 

medium, the presence of electrolytes in the solution, as 

well as the preparation conditions. In order to make a 

recipe for a solution with optimal characteristics, it is 

necessary to study the rheological properties of aqueous 

solutions of individual components. 

As it was said above, the aim of this study was to 

study the rheological properties of natural polymers, 

promising for food capsules. 

In this study, viscosity was measured on a 

Brookfield RVT rotary viscometer. All measurements 

were carried out in thermos table cups attached to the 

viscometer. 

The effective viscosity of the samples was 

measured by the number of revolutions and the type of 

rotor. The effective viscosity was determined using the 

rotor №4, at different speeds of rotation of the rotor. The 
viscosity of the solutions was measured at 10 and 50 °C 

depending on the gel formation temperature. Viscosity 

values of 1% gelatin/1% alginate are given in Table-2. 

 

Table-2. Viscosity of 1% gelatin/1% alginate. 
 

Liquid temperature Speed Viscosity 

50 

4 317 

10 307 

20 283 

50 280 

40 

4 443 

10 353 

20 335 

50 323 

30 

4 517 

10 413 

20 403 

50 388 

20 

4 717 

10 640 

20 537 

50 452 

10 

4 5167 

10 3880 

20 3083 

50 2033 
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Analyzing the data in Table-2, it can be seen that 

the viscosity of the sample increases with decreasing 

temperature and decreases with increasing rotor speed. 

The most optimal temperature of the liquid is 

40°C, as a higher temperature can lead to the death of the 

main part of probiotics. A lower temperature reduces the 

productivity of the installation as a result of increasing the 

viscosity and, accordingly, reducing the fluid flow. 

With increasing the speed of rotation of the rotor, 

the viscosity of the liquid decreases, this suggests that with 

an increase in the speed of movement of the liquid through 

the tubes, the fluid flow will increase and, accordingly, the 

productivity of the laboratory installation when obtaining 

capsules. 

According to the results of the study of 

rheological characteristics of natural polymers, promising 

to obtain capsules, the following conclusions can be made: 

the most suitable samples for the creation of new 

functional gel systems based on natural polymers are the 

ratio of alginate and gelatin, as they form heat-reversible 

gels at room temperature. 
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