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Abstract. Chocolates were prepared with the probiotic strain Lactiplantibacillus plantarum 13/20 and a 
prebiotic component of blackcurrant, cherry and blueberry flours. The probiotic cells were introduced by 
encapsulation in cocoa butter and the prebiotic components by dissolution in an alginate gel. The rheological 
performances of the resulting chocolates were investigated. It was shown that the addition of prebiotic in 
the amount of 3.5% negatively affected the rheological properties as well as the organoleptic performance. 
The candies were characterized by higher moisture content. It has been shown that the size of the gel beads 
significantly affected the rheology of the chocolate products. The larger the diameter of the gel beads, the 
stronger their influence on the rheological properties of the chocolates. The sample with gel pearls and 
blueberry at 2,5% had the best organoleptic characteristics. The microbiological status of the chocolates was 
determined. All chocolates met the standard requirements for microbiological safety.  

1 Introduction 

Chocolate products are becoming increasingly popular 
as a carrier for probiotics to the gastrointestinal tract [1, 
2]. In turn, they are divided into three main groups: 
chocolate bars, chocolates and chocolate figurines. The 
main semi-finished material in their production is the 
chocolate mass. It is an almost anhydrous dispersed 
system obtained with the participation of sugar, cocoa 
products (cocoa mass, cocoa butter and cocoa powder) 
and, in the case of milk chocolate mass, with different 
types of dehydrated milk [3, 4]. The main chocolate 
types are dark, milk and white chocolate and they are 
distinguished by their content of cocoa solids, milk fat 
and cocoa butter [4]. Cocoa powder contains a complex 
structure of proteins, polysaccharides and lipids [5, 6], 
which can form a good encapsulating mixture together 
with alginate or FOS. The characteristic taste of 
chocolate products is determined by combining the 
specific taste characteristics of cocoa products with the 
sweet taste of sugar [7]. Enrichment of the composition 
of different types of chocolate with probiotics is 
essential for the health of organisms and is associated 
with the increase in market demand [8]. 

Probiotics are defined as "live microorganisms that, 
when ingested in adequate amounts, are beneficial to the 
host [9]. To exert their preventive role they must contain 
a high concentration of viable cells (above 106-107 
CFU/cm3/g product [FDA], [10,11]. 
Microencapsulation has been applied to extend the 
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survival and shelf-life of probiotics under stressful 
conditions [12]. Encapsulation of probiotic bacteria in 
cocoa powder has been accomplished [13]. 

The production of chocolate products involves a 
number of technological operations, the main ones 
being: mixing, grinding, conching, tempering, forming 
and cooling. To define a product as chocolate it must 
also meet the requirements set out in Directive 
2000/36/EC [14].  

The aim of the present work was to prepare 
chocolates with cells of the probiotic strain 
Lactiplantibacillus plantarum 13/20 encapsulated in 
cocoa butter and to determine the rheological 
performance of the finished products. 

2 Materials and methods 

In this work, a lyophilizate of the probiotic strain 
Lactiplantibacillus plantarum 13/20 with a viable cell 
concentration of 4,3.1014 cfu/g was used. 

2.1 Preparation of suspension of 
Lactiplantibacillus plantarum 13/20.  

1 g of the lyophilized concentrate was incorporated and 
homogenized in 100 g of cocoa butter (Mixture I). 
Additionally, prebiotic components from blackcurrant, 
cherry and blueberry flours were added. One gram of 
each of the three powder preparations was extracted and 
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homogenized with 80 cm3 of 1% alginate solution 
(Mixture II). 

2.2 Encapsulation of viable cells of 
Lactiplantibacillus plantarum 13/20 in cocoa 
butter.  

The two mixtures (Mixture I and Mixture II) were 
mixed, homogenized for 30 min at a stirring rate of 600 
rpm.  

200 cm3 of cooled 2% CaCl2.2H2O solution were 
placed in a vessel and the above mixture was fed to it in 
a thin stream using a peristaltic pump with continuous 
stirring at 600 rpm for 1 h. The resulting gel beads were 
separated from the liquid phase, washed with 0.85% 
saline and fed to the chocolate mass for incorporation. 
The concentration of viable cells in the gel beads was 
above 1010 cfu/g. 

 

 

Fig.1. Technological scheme for the preparation of chocolate 
candies with microemulsion 

2.3 Preparation of chocolates with 
microencapsulated probiotic cells 

The chocolates were prepared in the laboratory 
according to the process flow chart reflected in Fig. 1. 
For the preparation of the candies, chocolate mass from 
the company 'Belcolade' (with a cocoa mass content of 
55 %), which by its composition meets the requirements 
laid down in Directive 2000/36/EC, was used, and the 
prepared microemulsion was added at a quantity of 2,5 
g/100 g chocolate mass and 3,5 g/100 g chocolate mass.  

The chocolate mass was melted to a temperature of 
45-50 °C and the specified amount of microemulsion 

was dosed into the melted mass. The chocolate mass was 
tempered to a final temperature of 31 °C and cast into 
pre-tempered moulds. The moulds were then cooled to 
a temperature of 8 °C. The cooled candies were removed 
from the moulds.  

For the purpose of the analysis, 7 samples were 
obtained and analysed The were designated as follows: 
control (obtained without the participation of micro-
beads) - C; chocolates obtained with the participation of 
2.5% and 3.5% of gel beads with the participation of 
blueberry flour – B 2.5, B 3.5, cherry – V 2.5, V 3.5, and 
blackcurrant - K2.5, K3.5. The resulting chocolates are 
shown in Fig. 2. 

 

 
Probe C 

 

 
Probe B 2.5 

 

 
Probe B 3.5 

 

 
Probe V 2.5 

 

 
Probe V 3.5 

 

 
Probe K 2.5 

 

 
Probe K 3.5 

Fig.2. Photos of the obtained microemulsion chocolates 

2.4 Technological analysis 

To determine the influence of the microbeads included 
in the chocolates, their wetting kinetics were monitored 
at a relative humidity of φ=75% A saturated NaCl 
solution was used to maintain a constant relative 
humidity at t=20˚C [15]. 

The values of the dry matter content and the pH were 
determined according to [16]. 
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The permanganate method according to Petrov, 1976 
[17] was used to determine the content of water soluble 
tannins in chocolates. 

The rheological behavior of chocolate masses was 
determined with a rheoviscometer "Rheotest 2", 
(Germany). The Casson plastic viscosity of the 
chocolate masses was determined according to the 
method of the International Organisation of Cocoa and 
Chocolate [18]. The Casson plastic viscosity (𝜂sa) and 
Casson limit stress (𝜏sa) values were defined by a 
computer program [19]. 

The hardness of the chocolates was determined using 
a Höpler's consistometer.  

The particle size in the melted chocolate masses used 
to obtain the candies was determined using a microscope 
"Boeco", Germany and computer programs "Scope 
photo" and "Image tool". 

The organoleptic evaluation was carried out 
according to BS 5313, point 2.1. 

2.5 Microbiological analysis: microbiological 
parameters: 

Coliforms according to ISO 4831, ISO 4832; 
Escherichia coli, according to ISO 7251, ISO 16649-

1.3; 
Salmonella sp., according to ISO 6579; 
Coagulase-positive staphylococci, according to ISO 

6888-1-3; 
Sulfite-reducing clostridia, according to ISO 15213; 
Spores of microscopic fungi, according to ISO 7954; 
Yeasts, according to ISO 7954. 

3 Results and discussion  

Table 1 and Table 2 present the values of the determined 
parameters of the analyzed chocolates.  

Table 1. Values of indicators of chocolates 

Indicators 
Sample type 

С B2.5 B3.5 V2.5 
Dry content, % 99,45 ±0,02 98,47±0,10 98,27±0,18 98,39±0,21 
Tannins,% DM 1,29±0,07 1,18±0,08 1,10±0,10 1,25±0,05 

pH value 6,17±0,05 6,10±0,08 6,04±0,04 6,05±0,10 

Table 2. Values of indicators of chocolates 

Indicators 
Sample type 

С V3.5 К2.5 К3.5 
Dry content, % 99,45±0,02 98,03±0,09 98,19±0,15 97,87±0,04 
Tannins,% DM 1,29±0,07 1,18±0,10 1,24±0,12 1,22±0,10 
pH value 6,17±0,05 6,11±0,03 6,07±0,04 6,10±0,08 

 
From the data in Table 1 it is evident that no 

significant differences were observed between the 
samples in terms of the analyzed parameters. To a small 
extent, a difference was observed with regard to the dry 
matter content, which was highest in the control. 

Chocolate products are characterised by a smooth, 
melting consistency when eaten, which is largely 
determined by the particle size of the finished product.  
The particle size of the chocolates analysed was 

therefore determined. The percentage distribution of 
particles by size group and the average size are shown 
in Table 3 and Table 4. Some of the microscopic images 
used for the analysis are shown in Fig. 3 

The wetting kinetics of the chocolates was 
investigated as a function of the microbead content, at a 
relative humidity of φ=75%. The results obtained are 
shown in Fig. 4. 

Table 3. Particle size distribution, % 

Size groups, µm 
Sample type 

С V3.5 К2.5 К3.5 
0 – 20 56 52 50 53 
21 – 30 40 34 32 31 
31 – 50 4 13 15 16 
51 – 80 0 1 3 0 
over 80 0 0 0 0 

Average size, µm 17,58±1,05 19,23±1,11 20,05±1,07 20,18±1,31 

Table 4. Particle size distribution, % 

Size groups, µm 
Sample designation 

С V3.5 К2.5 К3.5 
0 – 20 53 52 52 53 

21 – 30 31 31 33 29 
31 – 50 16 16 14 16 
51 – 80 0 1 1 2 
over 80 0 0 0 0 

Average size, µm 20,18±1,31 21,02±1,09 21,12±1,23 21,15±1,07 
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The graphic shows that the moisture content of the 
samples increases over time. Sample K3.5 has the highest 
degree of wetting and the control the lowest. After 240h 
(10 days), the moisture content of sample K3.5 has 
increased by 0.041% and that of the control by 0.025% 
compared to the initial moisture content. 

 
Probe C 

 
Probe B 2.5 

 
Probe B 3.5 

 
Probe V 2.5 

 
Probe V 3.5 

 
Probe K 2.5 

 
Probe K 3.5 

Fig.3. Photos used to determine the particle size in 
chocolates 

The main rheological parameters that characterize 
the quality of the melted chocolate masses are viscosity 
and static boundary stress. The International 
Organisation of Cocoa and Chocolate (OICC) has 
adopted the expression of the viscosity of chocolate 
masses by the Casson plastic viscosity value. For this 
purpose, the Casson limit stress and the Casson plastic 
viscosity were defined. The rheograms of the analyzed 
samples in coordinates (1+a)√D s;(1+a)√τ, (where 
a=0.81) at a temperature of 40 0C, where Ds, velocity 
gradient, s-1; τ, tangential stress, Pa, are shown in Fig. 5. 

It can be seen from the dependence plotted in Fig. 5 
that rheologically all samples had similar behavior. 
Their rheograms represented straight lines and satisfied 
the requirement of Casson's plastic viscosity calculation 
method. In Table 5 the values of the Casson boundary 
stress (𝜏sa) and Casson plastic viscosity (𝜂sa) calculated 
with a computer program are reported [19]. 
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Fig.4. Wetting kinetics of chocolates depending on the 
content of microbeads 

Type of powder: ●-C; ■-B2.5; □-B3.5; ▲- V2.5; ∆- V3.5; ♦- 
K2.5; ◊- K3.5 

 
Fig. 5. Reograms of chocolate tables used for the 
preparation of chocolates, in coordinates 

(1+a)√Ds;(1+a)√τ at 40˚C 
Type of powder: ●-C; ■-B2.5; □-B3.5; ▲- V2.5; ∆- 

V3.5; ♦- K2.5; ◊- K3.5 
 
The data presented in Table 3 show that the values 

of the boundary stress (𝜏sa) and the plastic viscosity 
(𝜂sa) of the control were lower than those of the 
chocolate mass with microbeads included in its 
composition. The limit stress of the control was about 
63% lower than sample K3.5, which had the highest 
value of this parameter. As the concentration of 
microbeads increased, the Casson boundary stress and 
viscosity increased for all samples. More likely, this 
dependence was due to the interaction of the imported 
gel beads with the chocolate matrix. According to 
Todorova [20] the appropriate Casson viscosity values, 
for moulding by casting, for a natural chocolate mass is 
2.95 Pa.s. All samples analysed met this requirement 
except sample C3.5. 

The chocolates were evaluated organoleptically by 
10 independent tasters for appearance, texture, aroma, 

taste, sweetness and aftertaste. The results of these tests 
are shown in Fig. 6. 

All prepared chocolates had properties similar to the 
control sample. The tasters gave the highest score to the 
blackcurrant and cherry samples at 3,5 %, followed by 
blackcurrant at 2,5 % and blueberry at 2,5 % (Fig. 6). 
The microbiological status of the chocolates was 
determined. The experimental data are shown in Table 
6. All samples met the standard requirements for 
microbiological safety. 

Table 5. Casson values of boundary stress (𝜏sa) and plastic 
viscosity (𝜂sa) 

Sample type 𝜏са , Pa 𝜂са, Pa.s 

С 13,44 1,22 

B 2.5 32,79 2,15 

B 3.5 35,46 2,37 

V 2.5 21,09 2,83 

V 3.5 25,50 3,06 

К 2.5 20,83 2,48 

К 3.5 36,98 2,66 

 

 

Fig. 6. Organoleptic evaluation of the chocolate candy 
samples compared to the control sample 

4 Conclusion  

An innovative approach was used to incorporate a 
probiotic strain encapsulated in cocoa butter into a 
chocolate matrix. The high concentration of viable cells 
in the gel matrix provided the required amount of active 
cells and their beneficial effect on the organism. The 
introduction of blueberry, blackcurrant and cherry flours 
enriches the chocolate matrix with substances with 
antioxidant properties. The functionality of chocolate 
products is thus enhanced. It has been shown that the 
smaller the imported gel beads, the better the rheological 
characteristics of the prepared chocolate products. 
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Table 6. Microbiological status of the chocolate candies 

Sample 
type 

 

Microbiological parameters 

Enterobacteria Fungi Yeast 
Sulfitreducing 

clostridia 
Salmonella sp. Coliforms 

Coagulase-
positive 

staphylococci 
E.coli 

0 – 20 < 10 
Not 

found 
Not found < 10 Not found < 10 < 10 < 10 

21 – 30 < 10 
Not 

found 
Not found < 10 Not found < 10 < 10 < 10 

31 – 50 < 10 
Not 

found 
Not found < 10 Not found < 10 < 10 < 10 

51 – 80 < 10 
Not 

found 
Not found < 10 Not found < 10 < 10 < 10 

over 80 < 10 
Not 

found 
Not found < 10 Not found < 10 < 10 < 10 

Average 
size, µm 

< 10 
Not 

found 
Not found < 10 Not found < 10 < 10 < 10 
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