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Abstract 
 

The objective of this study was to design and produce calcium alginate beads that can 

deliver immobilised cells of Lactobacillus reuteri DPC16 to a target site of the colon in 

the gastrointestinal (GI) tract, without any diminution of their important physiological 

characteristics. Several factors that might affect the effectiveness of calcium alginate 

beads for the cell delivery were investigated, using an in vitro GI tract model to 

simulate the conditions within the tract. Firstly, by varying the concentration of alginate 

at a constant concentration of CaCl2, and combining the system with gelatin, chitosan 

or skim milk, the survival of immobilised DPC16 cells in simulated gastric fluid (SGF) 

was observed. Secondly, the physical stability of calcium alginate beads containing 

skim milk was observed during sequential incubation in the GI fluids using optimal 

concentrations of alginate. Finally, the survival of DPC16 cells immobilised within 

alginate beads containing skim milk was monitored when the beads were incubated for 

different times during sequential exposure to the simulated fluids. The results 

demonstrated that non-encapsulated DPC16 cells were sensitive to an acidic 

environment, and no viable cells were detected after 90 min exposure in SGF (pH 1.2). 

After appropriate experimentation, an alginate concentration of 3% (w/v) was deemed 

to be the optimum value and was used in subsequent investigations. When skim milk (8% 

(w/v)) was added to the alginate solution, the cell survival in SGF was improved 

markedly. The optimal concentration of calcium chloride was 0.3 M, based on the 

beads maintaining their integrity in SGF and simulated intestinal fluid (SIF) while 

disintegrating in simulated colonic fluid (SCF) to release viable cells. Hence, the beads 

made from 3% alginate, 8% skim milk and 0.3 M CaCl2 proved to be an effective 

delivery and release system for DPC16 cells.  

L. reuteri DPC16 has strong antimicrobial activities against pathogens, due mainly to 

its ability to produce reuterin. Hence this and other functional properties of the bacterial 

cells were studied before and after passage through the GI tract. The cells that were 

recovered after release from the alginate beads in the SCF showed no diminution in 

functional properties, including their growth kinetics, ability to adhere to epithelial cells 

and ability to inhibit the adhesion of E. coli to epithelial cells. However, the 

bacteriostatic and bactericidal properties of the recovered cells against some pathogens 
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were significantly greater (P<0.05) than those of the original cells. Production of 

reuterin by the recovered cells was significantly greater (P<0.05) than that of the 

original cells when cultured in MRS medium in the absence of its metabolic precursor, 

glycerol. The results demonstrate significant (P<0.05) consequences for the application 

of the encapsulation technique to protect and/or enhance the functional properties of the 

probiotic cells. 

Subsequently, an investigation was carried out to find the reason for the antimicrobial 

activity enhancement. By recovering cells from different stages of the immobilisation 

and delivery process and examining them for their antimicrobial properties, it was 

found that it was the immobilisation process per se, rather than passage through the 

simulated gastrointestinal fluids, that caused the enhancement of antimicrobial activity, 

and that this was related to increased activity of the enzyme (diol dehydratase) that is 

responsible for reuterin production from glycerol.  

Finally, it was demonstrated that freeze-drying of the alginate beads was not an 

appropriate storage technique as it resulted in a significant (P<0.05) diminution of the 

antimicrobial activities.  

Based on these findings it is confirmed that the alginate-skim milk-CaCl2 

immobilisation system is an effective and efficient method, not only for protecting the 

viability of DPC16 cells, but also for maintaining the physiological characteristics.  
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