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Abstract 

Probiotics are microorganisms that are believed to provide health benefits when consumed. One 
of the most important aspects of probiotics conspumption is their survival in acid enviornment of 
stomach and other parts of gastrointestinal tract, to preserve bacteria viability and activity. 
Microcapsulating techniques are widely applied to improve probiotics tolerance on harmful factors, 
alginate is most frequently used as a matrix, but application of pure alginate do not effectively protect 
cells, thus modification by additives is required. 
The present study focused on enhance the survival of Lactobacillus rhamnosus GG cells in low pH 
value in simulated gastrointestinal conditions by encapsulation of bacteria into hydrophobic/alginate 
beads. Cococa butter was used as hydrophobic agent for modification of alginate beads. Extrusion and 
co-extrusion immobilisation methods were compared, and mechanical quality of modified and 
unmodified beads was determined after incubation in low pH MRS medium.  
The results of the study proved that cocoa butter as an additive for aliginate beads acts as protective 
agent on L. rhamnosus cells in acidic conditions in simulated gastrointestinal tract and improved the 
mechanical properties of the beads after their storage in MRS containing HCl. 
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1. Introduction 

Probiotics are typically added either to fresh foods with a high water activities and an 
expected shelf-life of weeks (e.g. yogurt) or to dry products with low water activities and an 
expected shelf-life of months (WEINBRECK & al. [1]). It has been recommended that food with 
probiotic bacteria should contain at least 106 live microorganisms per g or mL at the time of 
consumption in order to have protective effects. In addition to that, probiotics should resist the 
natural barrier of a high acidity and bile content in the gastrointestinal tract (GIT) and show their 
viability and activity at the site of action (SOHAIL & al. [2], DOHERTY & al. [3], DOHERTY 
& al. [4], DIMITRELLOU & al. [5], BROECKX & al. [6], HUANG & al. [7]). 
Microencapsulating techniques with a wide range of encapsulating materials can be applied to 
improve acid, bile and heat tolerance of probiotics and also to inhibit undesirable reactions 
during storage and processing which can result in loss of activity and viability of bacterial cells 
(SOHAIL & al. [2], DOHERTY & al. [3], JIMÉNEZ-PRATENDA & al. [8], KRASAEKOOPT 
& al. [9], SUA & al. [10]). Alginate is known as the most common encapsulating matrix/carrier 
used for food grade and non-food compounds because of its biocompability, safety and low cost 
(DOHERTY & al. [4], SUA & al. [10]). Many authors found that encapsulation of probiotic 
bacteria in alginate beads did not effectively protect the microorganisms from a high acidity 
(SULTANA & al. [11]). Although some authors have reported the effect of alginate 
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encapsulation on survival of lactic acid bacteria in simulated gastro-intestinal conditions 
(SULTANA & al. [11], LEE and HEO [12], ADHIKARI & al. [13], ABBASZADEH & al. [14], 
MANDAL & al. [15]). Moreover, it was found that the survival rate of bacterial cells in alginate 
beads containing chitosan, in chitosan-coated alginate capsules or in alginate-coated gelatin 
microspheres were higher than that of pure alginate beads (CHÁVARII & al. [16], NAG & al. 
[17]). The benefits of encapsulation to protect probiotics against simulated gastric juice can be 
obtained also using exopolysaccharides (EPS) e.g. xanthan gum and gellan gum as carriers. It 
provides an effective protection of bacterial cells. Thus, EPS seem to constitute useful resource 
of encapsulating material suitable for probiotic immobilization. To this effect, pullulan obtained 
from Aureobasidium pullulans, and EPS, named “Jamilan”, obtained from Paenibacillus jamilae 
may constitute a good candidate (JIMÉNEZ-PRATENDA & al. [8]). It is also known that the 
use of proteins and fats/waxes as immobilization material or as the additives to hydrophilic 
encapsulation carrier has many advantages. Fats/waxes may protect probiotics not only against 
low pH they can be also a good oxygen and moisture barriers, especially if bacterial cells are 
very sensitive (WEINBRECK & al. [1]).  

The purpose of the study was to preserve Lactobacillus rhamnosus cells against low pH by 
encapsulation of microorganism into hydrophobic/alginate beads. The goal was to examine the 
influence of cocoa butter and immobilisation method (extrusion/co-extrusion) on survival of 
encapsulated bacterial cells. 
 
2. Materials and Methods  
Microorganism  

The L. rhamnosus GG strain used in this study was obtained from Institut of 
Immunology and Experimental therapy (Wroclaw, Poland) collection. The MRS broth and 
MRS agar (Merck, Germany) were used to cultivate bacterial cells. The media used in the 
study were prepared according to the manufacturer protocol. There were used sodium alginate 
(Chempur, Poland), CaCl2 (Chempur, Poland), cocoa buter (Cargill, USA), Tween 80 
(Chempur, Poland) for bacteria encapsulation. 
Preparation of modified alginate beads 

As the first step of experiment the L. rhamnosus GG has been cultured 24 hours in MRS 
broth at 37°C. After incubation the cells have been centrifuged (5000 rpm, 10 minutes) and 
introduced into 37°C cocoa butter. 2 g of L. rhamnosus biomass was introduced into 8 g of 
a liquid/warm butter containing 1% of Tween 80. The mixture has been stirred using 37°C 
water bath and magnetic stirrer (500 rpm). The 3 droplets of Tween 80 were introduced into 
the mixture when it has been stirring. 

There were prepared 1.5% pure sodium alginate, sodium alginate-cocoa-butter mixture, 
sodium alginate-cell suspension and sodium alginate-cocoa-butter-cell suspension. The 
sodium alginate-cocoa-butter mixture was prepared by mixing 40 g of 1.5% sodium alginate 
with 10 g of a pure cocoa butter. The biopolymer-cocoa-butter-cell suspension was formed by 
mixing 40 g of 1.5% sodium alginate and 10 g of cocoa butter containing biomass. This 
mixture was formed at 37°C. The biopolymer-cell suspension was formed by mixing 48 g of 
1.5% sodium alginate with 2 g of L. rhamnosus GG biomass at 37°C. 

The spherical droplets were formed by extrusion of sodium alginate/L. rhamnosus GG 
cell suspension (A) or cocoa-butter/sodium alginate/L. rhamnosus GG cell suspension (B) 
through a syringe endowed with a needle (diameter of 2 mm) at 37°C. All of suspensions 
were separately extruded into 2% cold (4°C) CaCl2 solution. The formative beads to harden, 
they were stirred in ice bath using magnetic stirrer with 500 rpm, for 20 min. As the next step 
of an experiment the beads consisted of a biopolymer-cocoa-butter-bacterial cell core and an 
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external membrane were formed by co-extrusion (C). The liquid/warm biopolymer-cocoa-
butter-cell suspension and biopolymer-cocoa-butter mixture were co-extruded into 2% cold 
(4°C) CaCl2 solution for 20 min cross-linking. 
Determinaton of acid tolerance of encapsulated bacteria 

A low pH (acid tolerance) study of encapsulated bacteria was carried out as well. MRS 
broth was prepared according to Merck protocol as control samples. Modified MRS broth was 
prepared to check the low pH tolerance of immobilized bacteria. In this case MRS broth was 
adjusted to pH 2.0 with 5.0 M HCl. MRS broth and a modified MRS broth were sterilized by 
autoclaving. Test samples consisted of freshly prepared alginate beads (1g) containing 
probiotics, alginate-cocoa butter beads containing probiotics and co-extruded alginate-cocoa 
butter beads containing probiotics. Test and control samples were added to tubes containing 9 
mL of MRS broth or 9 mL of modified MRS broth (pH 2.0) and incubated 60 and 120 min. 
After incubation for the specified time intervals, 1g of encapsulated cells were removed from 
MRS broth or modified MRS broth and washed with sterile 0,9% saline solution and 
introduced into 1.5% sodium citrate (37°C) to release the bacterial cells from alginate or 
alginate-cocoa butter beads. After 1 hour incubation the samples containing free cells were 
serially diluted with 0.9% NaCl and inoculated onto MRS agar plates. All tests were repeated 
3 times to estimate the standard deviation. 
Evaluation of mechanical properties of beads 

The mechanical quality of the beads was determined after 1, 2 and 3 hours of incubation 
in MRS containing HCl. The bursting force was determined for each set of beads using 
Zwick/Roell Z 2.5 tensile machine. As reference (base values A0, B0 and C0) the same set of 
measurements was conducted for new prepared capsules. All tests were repeated 10 times to 
estimate the avarage values and stanard deviation. 
 
3. Results and discussion 

The results of the study demonstrated that the viability of encapsulated L. rhamnosus 
GG strain did not decreased after 1, 2 or 3 hours of incubation in MRS broth. The 
immobilization method or cocoa butter as additive did not influence on increase of the 
number of bacterial cells that was almost constant (Fig. 1).  

The analysis of the viability of probiotics incubated in MRS containing HCl showed 
that the number of L. rhamnosus GG cells decreased after incubation in acid conditions. The 
influence of cocoa butter as an additive on the bacterial survival and the influence of 
immobilization method were noticed as well. As has been emphasized below (Fig. 2) the 
number of bacteria entrapped in alginate capsules decreased from 6.50x106 to 4.70x105 
[CFU/g] after one hour of incubation and to 3.40x105/2.90x105 [CFU/g] after two/three hours 
of incubation. The Fig. 2 has also showed that the amount of L. rhamnosus GG immobilized 
in alginate-cocoa-butter decreased from 2.18x107 [CFU/g] to 2.70x107 [CFU/g] after one hour 
of incubation and to 2.43x107/1.45x107 [CFU/g] after two/three hours of incubation. The 
results demonstrated that the number of bacteria increased after the first hour of incubation in 
low pH conditions and that it decreased insignificantly during next to hours. As has been 
shown in Fig. 2 the amount of L. rhamnosus GG cells immobilized using co-extrusion method 
with cocoa-butter as an additive decreased slightly from 7.00x106 to 2.65x106 [CFU/g] after 
one hour of incubation and increased to 2.70x106/2.73x106 after two/three hours of incubation. 
It is tempting to suggest that cocoa butter as additive improved the viability of immobilized 
bacteria after their storage in MRS containing HCl. The cells entrapped in beads were almost 
stable or their number decreased insignificantly after even three hours of incubation in low pH 
conditions. 
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Figure 1. The survival of capsulated L. rhamnosus after incubation in MRS medium 

 

 
Figure 2. The survival of capsulated L. rhamnosus after incubation in MRS with pH=2 

 
The results of the study showed that Fmax of alginate capsules decreased from 10.56 to 8.43 

[N] after one hour of incubation and to 4.17 /3.89 [N] after two/three hours of incubation. The Fig. 
3 has also showed that the Fmax of alginate-cocoa-butter beads decreased from 10.88 [N] to 9.47 
[N] after one hour of incubation and to 8.12/5.22 [N] after two/three hours of incubation. As has 
been shown on Fig. 2 the Fmax of the capsules obtained using co-extrusion method with cocoa 
butter as an additive decreased slightly from 10.26 to 9.18 [N] after one hour of incubation and to 
6.25/4.13 [N] after two/three hours of incubation. It is tempting to suggest that cocoa butter as 
additive improved the mechanical properties of the beads after their storage in TSB containing 
HCl. The decrease of Fmax of alginate beads was highest. The mechanical properties of the 
capsules with cocoa butter obtained using extrusion method was better than for the beads obtained 
using co-extrusion after even three hours of incubation in low pH conditions. 

 

 
Figure 3. Mechanical properties of the beads after their storage in MRS containing HCl 
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One of the most important reasons for encapsulation of active ingredients is to provide 
improved stability in final products and during processing. For example, probiotics are highly 
sensitive to variation of pH, mechanical stress, transport conditions, and digestive enzymes in 
the stomach (WEINBRECK & al. [1]). Encapsulation increases not only survival of 
microorganisms, but more importantly their functionality. A choice of an encapsulation system 
is always crucial, since it has to be efficient and easily incorporated into the food without 
interfering with the texture and taste of the food (NEDOVIC & al. [18]). However, there is no 
wide choice of encapsulation technologies that can be applied for living cells, as it is case in 
most molecules which are resistant to heat. One among ‘gentle’ approaches for encapsulation is 
the extrusion technique and in combination with matrix molecules that preserve or even 
promotes the functionality; this technology is advisable for probiotics (WEINBRECK & al. [1], 
DOHERTY & al. [3], DOHERTY & al. [4], NEDOVIC & al. [18]). As alginate beads are stable 
in low-pH solutions but swell in weakly basic solutions, alginate microspheres can be used to 
protect probiotics from the acidity of gastric juice while allowing subsequent release in the basic 
environment of intestinal fluids (NARAYANI and RAO [19], RAO and RAO [20]. 
CHANDRAMOULI & al. [21] found that raising the concentration of alginate solution from 7.5 
to 15 g L−1 had noticeable effects on L. acidophilus viability under simulated gastric conditions. 
Higher survival was also reported when lactobacilli immobilized in 15, 20 and 25 g L−1 alginate 
beads were incubated in simulated gastric fluid. ABBASZADEH & al. [14] proved that 
encapsulation of L. rhamnosus GG in alginate beads with chitosan coating increased the 
survival rate of cells during gastrointestinal transition. The results of authors determined that the 
survival rate of all prepared beads was 10–87 times greater than that of free cells and was 
significantly enhanced by increasing chitosan and alginate concentrations. RODKLONGTAN 
& al. [22] have also showed that alginate microcapsules coated with chitosan effectively 
protected the cells against strong acids. Chitosan, a positively charged polyamine, forms a 
semipermeable membrane around alginate, a negatively charged polymer. This membrane does 
not dissolve in the presence of Ca2+ chelators or anti-gelling agents and thus enhances the 
stability of the gel and provides a barrier to cell release. The authors used the hydrophilic 
carriers for bacteria immobilization (RODKLONGTAN & al. [22], ANAL & al. [23]). In 
contrast to their results the hydrophobic carriers were used in this study. The microorganisms 
were encapsulated by extrusion and by co-extrusion to preserve L. rhamnosus cells stored in 
low pH. Microorganisms were entrapped into alginate and cocoa-butter/alginate beads. The 
analysis of the viability of probiotics incubated in MRS medium with pH=2 showed that the 
number of L. rhamnosus cells decreased after incubation in gastric acid conditions. The 
influence of cocoa butter as an additive on the bacterial survival and the influence of 
immobilization method were noticed. The decrease of the number of bacteria entrapped in 
alginate capsules was higher than decrease of amount of cells immobilized in alginate/cocoa-
butter beads. It was important that capsules obtained by extrusion preserved bacteria better than 
microorganisms obtained by co-extrusion. 

MANDAL & al. [15] also reported that hydrophobic carriers may improve sensitive 
probiotic bacteria survival in harsh conditions. In their study, the effect of incorporation of 
resistant-maize starch in alginate for micro-encapsulation and coating of microcapsules with 
poly-L-lysine, stearic acid and bees wax on the survival of encapsulated Lactobacillus casei 
NCDC 298 at pH 1.5, 2% high bile salt, 65°C for 20 min and release of viable lactobacilli cells 
from the capsule matrix in simulated aqueous solutions of colonic pH were assessed. Their 
results suggest that coating of microcapsules with poly-L-lysine did not further improve the 
protection of encapsulated cells from the harsh conditions; however, bees wax and stearic acid 
(2%) improved the survival under similar conditions. According to the authors coating of 
alginate capsules with hydrophobic compounds might have improved the surface 
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hydrophobicity of the capsules, which reduced the transfer of moist heat, and acid or bile inside 
the capsules. Moreover, coating protected the cells on the capsules surface and also blocked the 
surface pinholes on the alginate capsules (MANDAL & al. [15]). 

Milk fat and other hydrophobic substances have also previously been reported as potential 
cells immobilisation matrices as diffusion of H+ ions, organic acids, water and oxygen across 
the membrane of lipid capsules is limited, which could be partially increased for the 
preservation of viable probiotics during storage in fermented dairy products (KIM and OLSON 
[24], MODLER and VILLA-GRACIA [25], CHAMPAGNE & al. [26]). 

The results of the study proved that cocoa butter as an additive improved the mechanical 
properties of the beads after their storage in MRS containing HCl. The decrease of Fmax of 
alginate beads was highest. The mechanical properties of the capsules with cocoa butter 
obtained using extrusion was better than for the beads obtained by co-extrusion after their 
incubation in low pH conditions. 
 
4. Conclusion 

The present study focused on the application of cococa butter as an hydrophobic 
additive for alginate beads to enhance immobilized bacteria cells survivability in simulated 
gastrointestinal conditions. Extrusion and co-extrusion immobilisation methods were 
compared, and mechanical quality of modified and unmodified beads was determined after 
incubation in low pH MRS medium. 

Summarizing all of these results, it was revealed that cocoa butter has protective affect 
of L. rhamnosus GG cells in acidic conditions, the cells entrapped in beads were almost stable 
or their number decreased insignificantly after even three hours of incubation in low pH 
conditions. Cococa butter also improved the mechanical properties of the beads after their 
storage in MRS containing HCl. 

These results may be useful for obtaining new microencapsulation formulations for 
probiotic bacteria immobilisation to reinforce their survivability during consumption 
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