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RHAMNOSUS ATCC 11979 (NBIMCC 1013) IN ALGINATE/ CHITOSAN MATRICES
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Abstract

GORANOV, B., D. BLAZHEVA, G. KOSTOV, Z. DENKOVA and Y. GERMANOVA, 2013. Lactic acid fermentation with 
encapsulated Lactobacillus casei ssp. rhamnosus ATCC 11979 (NBIMCC 1013) in alginate/ chitosan matrices. Bulg. J. Agric. 
Sci., Supplement 2, 19: 101–104

Microbial lactic acid production has been studied extensively. The interest in this process is ascribed to the wide application 
of lactic acid, as well as to the lactobacilli producing it. In the present work we investigated the lactic acid production by encap-
sulated Lactobacillus casei ssp. rhamnosus ATCC 11979 cells in alginate/chitosan complexes with solid and liquid core. Two 
different alginate forms – calcium and barium alginate – were studied, which provided different mechanical stability and survival 
rate of the microorganism. The lactic acid biosynthesis with immobilized cell was compared to a process conducted with free 
lactic acid bacteria. It was determined that both the free and the immobilized cells produced maximal lactic acid quantities when 
the active acidity level of the nutrient medium was pH 6.5. The free cells exhibited higher biosynthetic activity at cultivating 
temperature 37°C, while the immobilized cells had temperature optimum at 42°C. The immobilized preparations’ compressibility 
was determined, which depicted their mechanical stability. It was established, that the preparations with solid barium alginate core 
had the highest compressibility. The batch fermentation was carried out in a laboratory bioreactor with mechanical stirring. The 
dynamics of substrate uptake, accumulation of lactic acid, pH and redox potential of the fermentation medium were determined. 
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Introduction

Lactic acid fi nds application in food production as a pre-
servative and a pH regulator due to its mild taste and the lack of 
added odour; in the pharmaceutical industry for the manufac-
turing of disinfectants and water-soluble lactates of insoluble 
pure pharmaceutical products, etc. Biodegradable polymers, 
produced from polylactic acid are used for the production of 
implants, which do not require surgical removal. It is also a 
component of some polymers and detergents in the chemical 
industry and an additive to provender (Каśćак еt al., 1996; Na-
rayanan et al., 2004). 

Lactic acid is produced through chemical synthesis and mi-
crobial biosynthesis. The microbiological approach is preferred 
because it allows the obtaining of the biologically active L(+) 
form of the acid. The main biological agents applied in the pro-

duction of lactic acid are the bacteria from the genus Lactoba-
cillus, which can be employed as free or immobilized cells (Na-
rayanan et al., 2004; Idris and Wahaidin, 2006; Penesar et al., 
2007). The use of immobilized lactic acid bacteria for biosyn-
thesis of lactic acid has signifi cant economic advantages to the 
application of free cells. Regardless of this fact, limited research 
was dedicated to this method so far. The strains proposed in the 
reference literature for production of lactic acid with immobi-
lized cells belong to the species Lactobacillus delbrueckii sub-
sp. bulgaricus, Lactobacillus helveticus, Lactobacillus rhamno-
sus and Lactobacillus casei (Narayanan et al., 2004; Schepers et 
al., 2006; Idris and Wahaidin, 2006). 

The aim of this study is to investigate the production of lac-
tic acid with Lactobacillus casei ssp. rhamnosus ATCC 11979 
(NBIMCC 1013) cells immobilized through microencapsula-
tion in alginate/chitosan polyelectrolyte complexes. 
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Materials and Methods

Fermentation medium  (g.dm-³): glucose – 6.87; meat ex-
tract – 1.7; yeast extract – 0.95; СН3СООNa – 1; K2HPO4 – 
0.025; KH2PO4 – 0.025; MgSO4 – 0.01; MnSO4 – 0.005; FeSO4 
– 0.005. 

Immobilization in alginate/ chitosan complex with solid 
and liquid core and determination of the temperature and pH-
profi les of the immobilized and free cells 

The immobilization of lactic acid bacteria was accomplished 
in alginate/ chitosan complexes, obtained according to the tech-
nique described by Blazheva et al. (2012). The determination 
of the temperature and pH-profi les of the immobilized and free 
cells was completed according to the methods, described by 
Blazheva et al. (2012).

Determination of immobilized preparations’ compressibility 
The compressibility of the immobilized preparations was 

determined after 6 cm3 of each preparation were transferred in 
a burette, which was then fi lled up with sucrose solutions with 
different densities (1038÷1347 kg.m–3) and the fl owing out of 
10 cm3 from each solution was timed. Glass beads (3 mm in 
diameter) were used as controls. Compressibility was defi ned 
as a correlation between the time for fl owing out of each solu-
tion for a certain preparation and the time for fl owing out for the 
glass beads.

Bioreactor and cultivation conditions 
The lactic acid fermentation was conducted in a laboratory 

bioreactor (BIOASTAT Bplus, Sartorius) with geometrical vol-
ume 2 dm3 and work volume 1,5 dm3. The cultivation was car-
ried out at temperature of 42°C and constant stirring at 100 min–

1. The pH level of the fermentation medium was set at pH 6,5 
in the beginning of the process by adding 10% NaOH solution. 

Lactic acid determination 
For the determination of the acid-forming ability of the 

lactic acid bacteria, the titratable acidity (expressed as Toerner 
degree, 1°T) was determined by titration of 10cm3 sample with 
0.1N NaOH to a pink endpoint using phenolphthalein as an in-
dicator (1°T = 0.009 g lactic acid) (Macree et al., 1993). 

Determination of the viable cell counts of lactobacilli
Appropriate tenfold dillusions of the samples were prepared 

in saline solution. After that, they were spread onto Petri dishes 
with MRS agar medium and incubated for 2 days at 37°C, until 
single colonies were formed (Macree et al., 1993).

Results are shown as the average values from three inde-
pendent experiments. The Microsoft Excel 2007 is used for data 
analysis.

Results and Discussion

In this study was investigated the immobilization of L. 
rhamnosus ATCC 11979 cells in alginate/ chitosan complexes 
with liquid and solid calcium and barium alginate cores. This 
immobilization method is simple and gentle, and the carriers 
are readily available. The results depicting the infl uence of pH 
levels on lactic acid biosynthesis for barium and calcium al-
ginate/ chitosan complexes are presented on Figures 1 and 2. 
The titratable acidity was determined on the 24th hour of the fer-
mentation process. The quantity of the accumulated lactic acid 
increased gradually with the increase of the pH of the nutrient 
medium and reached its maximum level at pH 6.5. The further 
increase in fermentation medium pH inhibited the synthesis of 
lactic acid, which affected the titratable acidity directly. The free 
and immobilized cells had identical pH-optima and no shift was 
observed because of the immobilization. It is interesting to note 
that pH levels had smaller effect on the immobilized cells than 
on the free cells. The immobilization protected the cells from 
the infl uence of the fermentation medium.

Thus, they adapted faster and the accumulation of lactic acid 
was more intensive. At the optimal pH levels both the free and 
the immobilized cells exhibited similar biosynthetical activities. 
The temperature optima for lactic acid synthesis were deter-
mined for the free and the immobilized cells (Figures 3 and 4). 
The growth of the free cells was better at 37°С. Unlike them, the 
immobilized preparations had better defi ned temperature opti-
ma and both types of alginate/chitosan complexes accumulated 
more lactic acid at 42°С. There was a shift in the temperature 
optimum, which could be explained by the infl uence of tem-
perature on substrate and product diffusion through the carrier 
gels. The temperature increase above 42°С led to a decrease in 
the cells’ catalytic activity and a reduction of the amount of the 
produced lactic acid. 
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cium alginate/chitosan lactic acid bacteria
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The mechanical stability of the immobilized preparations 
can be depicted by their compressibility (Figure 5). This is a pa-
rameter, which is infl uenced by the physicochemical character-
istics of both the immobilized cell preparations and the substrate 
solution. Compressibility increased with the increase in sucrose 
solution density. The comparison between all preparations 
showed that the liquid core capsules congested the used column 
more even at lower sucrose solution densities. They were fri-
able, fragile and their hydrodynamic characteristics were worse. 
This makes them unsuitable for practical application. The low-
est compressibility and highest mechanical stability were dem-
onstrated by the immobilized in a solid barium alginate core 
polyelectrolyte complex L. rhamnosus ATCC 11979 cells. 

The dynamics of lactic acid production by immobilized and 
free L. rhamnosus ATCC 11979 cells was followed for 72 h at 
optimal temperature and pH levels. The results from these ex-
periments are presented on Figure 6. The initial concentration 
of viable cells immobilized in the gel matrix varied between 

1.6.107 and 9.107 CFU.g-1. After the introduction of the cells in 
the nutrient medium and suitable growth conditions, they start-
ed to proliferate in the core of the gel carrier for the immobi-
lized cells and directly in the nutrient medium for the free cells, 
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barium alginate/ chitosan lactic acid bacteria

Fig. 4. Determination of temperature optimum for the 
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Fig. 5. Compressibility of immobilized cells preparations

Fig. 6. Dynamics of accumulation of lactic acid by free 
and immobilized cells of L. rhamnosus ATCC 11979

Fig. 3. Determination of temperature optimum for the 
synthesis of lactic acid with free and immobilized in 

complex calcium alginate/ chitosan lactic acid bacteria
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which led to the increase in their viable cell counts. The titrat-
able acidity of the free cell culture reached 160°Т for 24 h and 
256°Т in the end of the cultivation process. The immobilized 
cells exhibited delayed acid accumulation compared to the free 
cells and at the 24th hour, the titratable acidity did not exceed 
147°Т for any of the preparations (Figure 6). Despite this fact, 
in the end of the process the immobilized cells reached titratable 
acidity values similar to those of the free cells – between 230 
and 260°Т. The applied methods for immobilization in alginate/ 
chitosan complexes enabled the reaching of high titratable acid-
ity values. 

Based on the conducted experiments the preparations with 
solid barium alginate core were selected for further work. They 
were used for cultivation in a laboratory bioreactor in the deter-
mined optimal conditions. The changes in pH, titratable acidity 
and redox potential (Eh) levels were monitored during the bio-
synthesis process. The variations in Eh are related to the transi-
tions of the microbial cells form one growth phase to the next. 
This parameter could be used to determine the state of devel-
opment of the strain indirectly, which is especially suitable for 
immobilized cells where the viable cell concentrations cannot 
be determined. The data obtained from the cultivation process is 
depicted on Figure 7. In the beginning of the process, Eh started 
to increase. In the phase of exponential growth, its values rose 
from -130 mV to -20 mV. Between the 18th and the 20th hour, Eh 
reached its maximum and after that it started to decrease gradu-
ally when the cells entered the stationary growth phase. During 
this growth phase a new stationary value of the redox potential 
was established - -86 mV. This was due to the slower production 
of lactic acid. After the 24th hour, small quantities of lactic acid 

were accumulated. There are two possible explanations of this 
observation: either the production of lactic acid for this strain is 
related to the growth of the cells, or there is a strong infl uence 
of the diffusion of lactic acid from the preparation into the fer-
mentation medium. 

The proposed immobilization carrier allows the conducing 
of multiple lactic acid fermentation processes and gives an op-
portunity for process scale-up. Immobilization methods like the 
one used in this study are applied rarely, because of the complex 
procedure, but they produce mechanically stable preparations 
and the gels do not inhibit the biosynthetic activity of the im-
mobilized cells. The obtained results confi rm the ones published 
in reference literature (Schepers et al., 2002; Narayanan et al., 
2004; Idris and Wahaidin, 2006). Nevertheless, no detailed com-
parison can be made due to the specifi city of the used strains.  

Conclusion

For 44 hours the immobilized L. rhamnosus ATCC 11979 
cells synthesized 26.6 g.dm-3 lactic acid. This quantity is sig-
nifi cantly higher than the amount of lactic acid produced by the 
free cells, because the gel in which the cells were encapsulated, 
protected them from the low pH levels of the fermentation me-
dium. Thus, they preserved their biosynthetic activity longer. 
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