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ABSTRACT 
 
 Two strains of Lactic acid bacteria, Lactobacillus plantarum MTCC B1746 and Lactococcus lactis MTCC 
B440 which produce the bacteriocins, plantaricin 1746 and nisin 440 respectively were immobilized in calcium 
alginate beads. The free cells of them were optimized viz., temperature and pH for maximum bacteriocin 
production. The bacteriocin production was maximized at 48th h at 30°C and in pH 6.0 for L. plantarum; while it 
was at 96th h at 35°C and at a pH of 7.0 for L. lactis. Both the strains showed growth stability and maximum 
bacteriocin production at the stationary phase of growth. Free cells cultured at the optimum culture conditions 
were used to compare the effect of immobilization on bacteriocin production. Bacteriocin production peaked at 
1800 AUml-1 and 1600 AUml-1 in free and immobilized fermentation broth of L. plantarum and L. lactis 
respectively. A decline in bacteriocin production occurred at the middle of the fermentation with the free cells in 
contrast to long term stability noticed with the immobilized cells. The immobilized cells were subjected to 
repeated cycles of fermentation which resulted in an increased yield with increase in biomass.  
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Introduction 
 
 The anti-microbial effect of lactic acid bacteria (LAB) enabled to extend the shelf life of many food items 
through fermentation processes. The preservation action is effected through the production of antimicrobial 
compounds including organic acids, hydrogen peroxide, antibiotics and bacteriocins (Atrih et al., 1993; 
Mirhosseini et al., 2003). Among these, bacteriocins of LAB have attracted the attention of food scientists for 
use as natural food biopreservatives due to their antimicrobial activity against food spoilage and pathogenic 
bacteria (Gautam and Sharma, 2009). In order to use bacteriocin as food biopreservative and as a therapeutic 
agent, large-scale production with high level of activity is required. One of the problems concerning the batch 
process is the low yield of bacteriocins. Immobilization of viable lactic acid bacteria (LAB) has attracted 
considerable interest in recent years. In particular, cell immobilization has shown to offer many advantages for 
biomass and metabolite productions compared with the free-cell (FC) systems such as high cell density and very 
high volumetric productivity, reuse of biocatalysts, high process stability (physical and biological) over long 
fermentation periods, retention of plasmid-bearing cells, improved resistance to contamination, uncoupling of 
biomass and metabolite productions, stimulation of production and secretion of secondary metabolites and 
physical and chemical protection of the cells (Scannell et al., 2000; Grattepanche et al., 2007). In this study, the 
feasibility of producing nisin and plantaricin using calcium alginate immobilized cells of Lactococcus lactis 
MTCC B440 and Lactobacillus plantarum MTCC B1746, was investigated and compared the production by 
free-cells. In addition, the conditions such as temperature and pH for the maximum production of nisin and 
plantaricin by the two strains respectively were optimized. 
 
Materials and methods 
 
Bacterial strains and activity detection: 
 
 Lactobacillus plantarum MTCC B1746 and Lactococcus lactis MTCC B440 were obtained from Microbial 
Type Culture Collection, Chandigarh. L. plantarum was maintained in nutrient agar slants and L. lactis, in Brain 
Heart Infusion (BHI, Hi Media) agar slants. L. plantarum MTCC B 1746 and L. lactis MTCC B 440 were used 
to produce plantaricin and nisin, respectively. In both cases, Staphylococcus aureus obtained from our 
laboratory stock was used as the bacteriocin sensitive indicator. The detection of antimicrobial peptides was 
carried out using deferred techniques (Tagg et al., 1976) which were further confirmed by well-diffusion assay 
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method (BSI, 1968). For detection of the bacteriocin activity, the cell free culture filtrate was neutralized and 
serial two fold dilutions were prepared. Fifty µl aliquots of each dilution were dispensed in separate wells made 
in Nutrient agar (Hi Media) plates seeded with the indicator organism Staphylococcus aureus. The bacteriocin 
activity was calculated as the reciprocal of the highest dilution in which a definite zone of inhibition in the 
indicator lawn was observed. Bacteriocin activity was expressed as arbitrary units per milliliter (AU ml-1) by 
multiplying by a dilution factor of 20 (Ryan et al., 1996; Jeevaratnam et al., 2005).  
 
Influence of culture conditions on bacteriocin production by the free cells: 
 
 To determine the optimal conditions for bacteriocin production, the strains were grown at different 
incubation temperatures and different pH of initial MRS broth. Aliquots of about 5 ml was removed at 12 h 
interval to measure the cell growth of the strain (OD600 nm), changes in medium pH and bacteriocin activity 
(AUml-1). 
 
Cell immobilization Procedure: 
 
 Modified MRS (mMRS) broth was used for studying bacteriocin production with encapsulated cells. To 
increase the stability of calcium alginate matrix, MRS broth was modified to include 0.1% (w/v) calcium 
chloride, but without acetate, citrate, phosphate and Tween (Scannell et al., 2000; Ivanova et al., 2002). Prior to 
immobilization, L. plantarum MTCC B 1746 and L. lactis MTCC B 440 were inoculated into mMRS broth and 
incubated at 30°C for 48 h. Cells were recovered by centrifugation, washed in 0.1% buffered peptone water (Hi 
Media) and resuspended in 10 ml mMRS. A solution of 4% sodium alginate was prepared in distilled water, 
autoclaved (121°C, 15 min), and cooled to 45°C prior to use. Bacteriocin producing strains were inoculated to 
the alginate solution (10% v/v) and aseptically transferred to a sterile dispenser. The mixture was forced through 
a sterile syringe needle (0.8 mm diameter) by air-pressure drop-wise into a stirred solution of 2% (w/v) calcium 
chloride. The resulting beads were hardened in calcium chloride for 1 h, wet sieved and surface dried in a 
laminar flow hood.  
 
Determination of cell concentration in the beads: 
 
 The viable cell concentration in the beads was determined by suspending 1ml of alginate solution 
(measured by removing of 1 ml water) in 0.1 M phosphate solution followed by gentle shaking for 30 min for 
destruction of the beads (Ivanova et al., 2002). The number of viable cells as cfu/ml was determined by dilution 
plating on MRS agar after incubation for 48 h at 30°C.  
 
Batch fermentation with Free and Immobilized cells: 
 
 The fermentations with the immobilized cells were performed in Erlenmeyer flasks containing 500 ml 
mMRS broth with the optimized pH and temperature conditions and without shaking for 144 h. About 5 ml 
cultures were withdrawn in every 12 h for determining cell viability, pH and bacteriocin activity. After 1 week, 
beads were filtered under sterile conditions, washed with saline and re-inoculated in fresh media for the second 
and the third cycle of fermentation. The fermentation with free cells was performed under the same conditions 
as the immobilized cells. After the third cycle of fermentation with the immobilized cells, the batch culture broth 
with the immobilized cells was monitored for one month to determine the stability of the bead. Samples were 
collected in an interval of one week to determine the cell viability, pH change and bacteriocin activity.  
 
Determination of bacteriocin activity: 
 
 The fermentation broth was centrifuged (10,000 rpm for 10 min), passed through Millipore filter (pore size 
0.22 µm, Hi Media) and the resulting supernatant fluid was evaluated for bacteriocin activity as per the method 
described earlier.  
 
Results and Discussion 
 
Optimal conditions for bacteriocin production by the free cells: 
 
 The conditions for maximum production of bacteriocin by the free cells were determined. While L. 
plantarum MTCC B 1746 (1800 AUml-1) showed maximum production of bacteriocin at the 48th h of 
incubation, L. lactis MTCC B 440 showed it at the 96th h (1600 AUml-1). Bacterial proliferation and bacteriocin 
production was high at 30° C for L. plantarum and 35°C for L. lactis (Table 1). The bacteriocin activity was high 
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at pH 6 for L. plantarum and pH 7 for L. lactis (Table 2). The two chosen bacteriocin producer strains 
Lactobacillus plantarum MTCC B1746 and Lactococcus lactis MTCC B440 showed the growth stability and 
bacteriocin production at their stationary phase. It has been reported that the activity in broth cultures reached 
maximum only after the exponential growth had ceased (Fukushima et al., 1983; Mataragas et al., 2003; 
Karthikeyan and Santhosh, 2009). Similarly, the maximum bacteriocin production noticed at 48th (stationary 
phase) in the present study at 30° C and pH 6 for L. plantarum is comparable with the earlier observation (Chin 
et al., 2001) made for another strain L. plantarum Y21, under similar conditions. For L. lactis MTCC B440 the 
maximum bacteriocin production occurred at 96th h with pH 7.0 at 35° C in MRS broth, which supported the 
findings (Ko and Ahn, 2000) obtained in case of L. lactis KCA2386. The bacteriocin production is maximized at 
pH range between 5.0 and 8.0 and at the temperature ranging from 30°C to 37°C (Gautam and Sharma, 2009). 
Maximum bacteriocin activity was achieved before the end of growth which was followed by a decrease in 
activity, which might be due to the reabsorption of protein by the producing organism and degradation with 
specific proteases (Parente et al., 1994). In both the cases, the growth was followed by a decrease in pH due to 
the production of acid as evidenced by earlier researchers (Guerra and Pastrana, 2003; Somkuti and Gilbreth, 
2007). 
 
Table I: Effect of temperature on the production of plantaricin and nisin by free cells of L. plantarum MTCC B 1746 and L. lactis MTCC B 

440 
Incubation 

temperature (°C) 
L. plantarum MTCC B 1746  L. lactis MTCC B 440 

Growth 
(OD600) 

Final pH Bacteriocin 
Activity (AUml-1) 

Growth 
(OD600) 

Final pH Bacteriocin 
Activity (AUml-1) 

25°C 2.003 4.42 1600 1.662 5.01 800 
30°C 2.346 4.30 1800 1.916 4.89 1200 
35°C 1.897 4.28 1400 2.242 4.75 1600 
40°C 1.478 4.71 800 2.016 5.12 1400 

Activity detected after 48 h for plantaricin and 96 h for nisin in MRS broth with initial pH of 6.5. 
 
Table II: Effect of pH on the production of plantaricin and nisin by free cells of L. plantarum MTCC B 1746 and L. lactis MTCC B 440. 

Initial pH L. plantarum MTCC B 1746 L. lactis MTCC B 440 
Growth 
(OD600) 

Final pH Bacteriocin 
Activity (AUml-1) 

Growth 
(OD600) 

Final pH Bacteriocin 
Activity (AUml-1) 

4 0.923 3.89 200 0.125 3.77 0 
5 1.761 4.71 1000 1.594 4.63 800 
6 2.352 4.67 1800 2.012 4.75 1400 
7 1.910 4.30 1400 2.318 4.87 1600 

Activity detected after incubation for 48 h at 30°C for plantaricin for 96 h at 35°C for nisin in MRS broth. 

 
Cell concentration in the bead: 
 
 The immobilized beads with the size of 2 mm diameter were subjected to determination of the cell 
concentration. The maximum cell concentrations of 4.7 x 1011 and 9.5 x 1010 cfu/ml were obtained in case of L. 
plantarum and L. lactis respectively. These observations were comparable to the studies conducted earlier in 
Lactococcus sp. (Prevost and Divies, 1992) and Bifidobacterium longum ATCC 15707 (Doleyres et al., 2002).  
 
Bacteriocin production by free and immobilized bacteria in batch fermentation: 
 
 The batch fermentation was carried out with the free and immobilized cells of both the strains in controlled 
temperature and pH conditions. The bacteriocin production profiles were similar in both the strains in the 
immobilized cells. Bacteriocin production by free cells was most rapid than that of immobilized cells and the 
maximum activities of 1400 AUml-1 and 1200 AUml-1 were detected in plantaricin and nisin fermentation broths 
respectively, even at the 24th and 72th h of fermentation with the free cells of L. plantarum and L. lactis 
respectively (Fig. 1 & 2). However, a sharp decrease in detectable bacteriocin had occurred approximately mid-
way through the fermentation in the free cell culture. This decrease could be due to the bacteriocin digestion by 
proteolytic enzyme systems of the cells after the cell death (Ivanova et al., 2002). In contrast, once equilibrium 
was reached, the immobilized strains maintained maximal production for the duration of the fermentation. This 
finding was supported by the previous study conducted earlier (Scannell et al., 2000) for the continuous 
production of nisin and lacticin 3147 using immobilized cells. Hence, the decline in bacteriocin production in 
the free cell cultures could be attributed to plasmid instability, as nisin is a plasmid encoded bacteriocin. 
However, in the case of plantaricin, earlier studies (Sarah et al., 1988; Dzung et al., 1994; Ehrmann et al., 2000; 
Omar et al., 2008) revealed that the gene involved in the production of the same is present on the chromosome. 
In this case, it could be supposed that the alginate beads had a protective role separating the bacteriocin in the 
medium from the proteolytic enzymes in the beads (Ivanova et al., 2002). Bacteriocin production peaked at 
1800 AUml-1 and 1600 AUml-1 in free and immobilized fermentation broth of L. plantarum and L. lactis 
respectively. However, when compared with the free cell fermentations, the fermentation with the immobilized 



2200 
J. Appl. Sci. Res., 8(4): 2197-2202, 2012 

 

cells increased the stability of bacteriocin produced and proved long term means of producing plantaricin and 
nisin in laboratory media. 
 

 
 
Fig. 1: Cell growth and Bacteriocin production by free and immobilized cells of L. plantarum MTCC B1746. 
 

 
 
Fig. 2: Cell growth and Bacteriocin production by free and immobilized cells of L. lactis MTCC B440. 
 
Bacteriocin production by the immobilized cells during the second and third cycle of batch fermentation: 
 
 The concentration of nisin and plantaricin produced during the second and third cycle of fermentation was 
comparatively higher to that produced in the first cycle (1800 AUml-1 and 2200 AUml-1). The repeated cycles of 
batch cultures enable the free cell release when compared to the initial fermentation and thus increased the cell 
density. It has been reported earlier (Betrand et al., 2001) that a very high pure nisin Z production (0.025 µg) 
was measured in the broth during repeated cycle pH-controlled batch (RCB) cultures with L. lactis ssp. lactis 
biovar. diacetylactis UL719 immobilized in к-carrageenan/LBG beads, with a corresponding volumetric 
productivity of 5730 IU/ml/h. In that case, the stability of RCB cultures was demonstrated for twenty four and 
thirty six 1-h cycles carried out over 3 and 6 day periods, respectively. A similar Immobilized Cell (IC) – RCB 
fermentation was successfully used to produce a high concentration of pediocin by P. acidilactici UL5 
(Naghmouchi et al., 2008). The corresponding volumetric productivities were 5461 and 2048 AU ml−1 h−1 and 
Pediocin PA-1 production in the RCB culture was highly stable over 12 fermentation cycles carried out over 3 
days in 1% glucose and whey permeate (SWP) media in that study.  
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Determination of bead stability in fermentation broth: 
 
 The stability of the immobilized bead of both the strains was monitored in the fermentation broth for about 
30 days. It was observed that the bead remained stable till 30th day of observation in the fermentation medium. 
There was a drop in pH from 6.5 to 4.2 after the 4th day of fermentation with the immobilized beads. The 
reduction in bacterial load and the decreased bacteriocin activity in the fermentation broth were noticed with the 
increasing fermentation period which may be due to the depletion in media components needed for the 
metabolism and the production of bacteriocin. However, the beads remained intact with little cell leakage till the 
period of final observation of 30 days. This increased stability is a positive indication that the Ca-alginate 
immobilized beads could be used successfully for the continuous production of bacteriocin for longer 
continuous fermentation processes in an industrial level.  
 
Conclusion: 
 
  The immobilization of the lactic acid bacteria L. plantarum MTCC B1746 and L. lactis MTCC B 440 in Ca-
alginate beads made possible the increasing of plantaricin and nisin production as a result of the increasing of 
the biomass. The bacteriocin concentration was increased and viability of the cells was maintained till the end of 
the fermentation when compared with the free cell fermentations. However, the industrial application of the 
continuous production of these bacteriocins using immobilization technique has not yet emerged in a 
commercial level. Considering the high yield and stability of the bacteriocins even in the batch fermentations, it 
is essential to scale up the process as a continuous system which can give much better yield of bacteriocin in 
future. 
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