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Abstract

Production of anti-microbial substances by Lactobacillus plantarum, immobilized in
calcium alginate gel beads was investigated. The beads were very unstable in De man
Rogosa and Sharpe (MRS) medium but the stability of the beads improved by
removing potassium and phosphate from the MRS medium. The highest stability of
the beads was achieved by addition of calcium chloride to the medium. When 5%
calcium chloride was added to the medium, the stability of the beads increased from
24h (when no calcium chloride was added) to 500 h, without adverse effects on the
growth and antimicrobial substance production by the immobilized cells. Although the
produced antimicrobial substances inhibited the growth of Bacillus cereus, B. subtilis,
Listeria monocytogenes, and Escherichia coli, B. subtilis was the most susceptible.
Under all the conditions investigated, immobilization of L. plantarum significantly
increased the organism’s ability to produce antimicrobial substances. Although
suspended cells produced higher antimicrobial substances under anaerobic condition,
aerobic condition improved antimicrobial substance production by the immobilized
cells. This implies that microaerophilic condition is the best for antimicrobial
substance production by L. plantarum.
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Introduction Although bacteriocins are produced by a

broad spectrum of bacteria, those produced

Lactic acid bacteria (LAB) are the most
prominent nonpathogenic bacteria that play
vital roles in everyday life ranging from
fermentation, preservation and production of
wholesome food and vitamins (Udhayashere
et. al., 2012). They have been used in food
bio-preservation because of their
antimicrobial metabolites. These
antimicrobial agents include organic acids,
hydrogen peroxide, diacetyls and
bacteriocin. Bacteriocins are antimicrobial
peptides or small protein complex displaying
bactericidal activity against food spoilage
and food pathogenic organisms. Bacteriocin
are ribosomally synthesized peptides
produced by various bacteria and exhibit a
bacteriostatic or bacteriocidal activity against
bacteria that are genetically close relatives
(Savadogo et. al., 2006; Yang et. al., 2014).

by LAB are of particular interest in food
industry because these bacteria have
generally been recognized as safe (GRAS)
organism (Nettles and Barefoot, 1993).
Submerged cultures have been used for
most of work on production of bacteriocin
and other antimicrobial substances by lactic
acid bacteria. However, antimicrobial
substances are produced mainly under
microaerophilic conditions (Mortvedt-
Abildgaa et. al., 1995); Leal-Sanchez et. al.,
2002). Furthermore, efficient production of
antimicrobial substances requires high cell
concentration which is difficult to achieve in
suspended cell cultures. Separation of cells
is the first step in purification of
antimicrobial substances and this is very
expensive in  suspended cell cultures
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because of high concentration of free cell in
the culture broth.

Immobilization of cells is one of the
most attractive methods of maintaining high
cell concentration in bioreactors, and thus
high volumetric productivity (Ogbonna et. al.,
1989a; Dubeya et. al., 2013; Martins et. al.,
2013). Furthermore, cell immobilization will
reduce or eliminate the need for the
separation of cell from the product steam,
and the immobilized cells can be used
repeatedly for many batches. Among the
various methods of cell immobilization,
entrapment in ca-alginate has been
extensively investigated since the method of
immobilization is simple and the
immobilization condition is very mild
(Ogbonna et. al., 1989a). However, calcium
alginate beads are very unstable in
fermentation media containing  high
concentration of phosphate (Ogbonna et. al.,
1989b; Kostov et. al., 2010; Fazilah et. al.,
2011; Fadel et. al., 2013). The objectives of
this research are (a) to immobilize
Lactobacillus plantarum in calcium alginate
and evaluate the ability of the immobilized
cells to produce antimicrobial substances,
(b) to -evaluate the stability of the
immobilized cells during batch cultivation,
and (c) to compare their ability to produce
antimicrobial substances under aerobic and
anaerobic conditions.

Materials and Methods
Microorganisms

Lactobacillus plantarum was used
for antimicrobial substance production. It
was obtained from the Department of
Microbiology, University of Nigeria, Nsukka.
Some selected Gram-positive and Gram-
negative bacteria associated with food
spoilage and food borne diseases were used
as target organisms. The microorganisms
used were Escherichia coli 11775 obtained
from the Bio-resources Development and
Conservation Programme (BDCP) Centre,
Nsukka. Bacillus cereus, B. subtilis, and
Listeria monocytogenes were obtained from
the culture collection of the Department of
Microbiology, University of Nigeria, Nsukka.

Media and chemicals

The Lactobacillus plantarum was
maintained in De man Rogosa Sharpe (MRS)
agar medium (Wako Pure Chemical
Industrials Ltd., Osaka Japan) and sub-
cultured every month. MRS broth was used

for pre-cultivation while modified MRS broth
(mMRS) was used to study the antimicrobial
metabolites production by the immobilized
cells. The modified MRS was based on
component of MRS medium with addition of
CaCl,. Nutrient agar was used for screening
of bacterial activity of L. plantarum against
the target organisms. Sodium alginate was
procured from Wako Pure Chemical
Industries Ltd. Osaka, Japan. All chemicals
and solvents used in the study were of
analytical grade and procured from standard
firms.

Maintenance of the target organisms

The target microorganisms were
maintained by weekly sub-culturing on
tryptic soy broth supplemented with 0.6%
(w/v) yeast extract and 2% agar slants at
37°C for 48 h and then stored at 4°C. Before
each experiment, the microorganisms were
activated by sub-culturing for 24 hour in
tryptic soy broth supplemented with 0.6%
(w/v) yeast extract (TSB/YE) under aerobic
condition at 37°C.

Cell immobilization

The L. plantarum was pre-cultured
in MRS broth for 24 h and the cells were
harvested by centrifuging at 3000rpm for
15min. The cell sediment (pellet) was re-
suspended in sterile distilled water and a
known volume of the cell suspension was
added to a 2% (w/v) solution of sodium
alginate to give the desired immobilized cell
concentration. The alginate-cell mixture was
dropped slowly into a gently stirred (70 rpm)
0.2M CaCl, solution by micropipette. The
alginate solidified upon contact with CaCl,,
forming beads entrapping the bacterial cells.
The resulting calcium alginate gel beads
were incubated in a gently stirred CaCl,
solution for 24 h to stabilize the beads.

Fermentations

Production of the antimicrobial
substances by both free and immobilized
cells were done in 500-ml Erlenmeyer flasks.
Each flask, containing 200 ml of MRS
medium, was inoculated with the cells and
incubated for 48 h at 37°C under static
condition. In the case of anaerobic cultures,
the flasks were incubated in anaerobic jars
maintained at 37°C. Samples of the culture
broth were taken at time intervals and the
antimicrobial activities and cell
concentrations were assayed using agar well
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diffusion, and plate count methods,
respectively.

Beads stability

The time taken for the beads to
dissolve during the fermentation was used
to evaluate the chemical stability of the
beads. During the fermentation, the beads
were monitored visually and the time taken
for all the beads in the flask to dissolve was
recorded.

Measurement of cell concentrations

The cell concentrations were
determined by cell counting, using pour
plate method. For cell concentration in the
broth, the broth sample was appropriately
diluted and 0.1ml of the diluted sample was
transferred to duplicate sterile Petri dishes.
TSB/YE agar medium was poured over the
sample in the Petri dishes and mixed by
gentle agitation. Plates were incubated for24
h at 37°C after which the numbers of
colonies were counted.

In the case of immobilized cell
concentration, calcium alginate gel beads
entrapping the cells were dissolved by
suspending in 5ml of 0.2 M citrate buffer
and stirring with magnetic stirrer for 30
minutes at room temperature. The ca-
alginate beads dissolved in the citrate buffer
and the cell suspension was appropriately
diluted. One milliliter sample of the diluted
cell suspension was plated on the nutrient
agar plates. The plates were then incubated
at 37°C for 24h after which the number of
colonies was counted.

Measurement of the antimicrobial activities
Agar Well Diffusion method was
used for assaying antimicrobial activities of
the isolates. MRS agar (20ml) was mixed
with 5 x 10® cells/ml of a 24-h culture of the
indicator microorganism and poured into a
Petri-dish. After solidification, wells (8mm in
diameter) were made in the agar and filled
with 0.1ml of filtered culture broth of L.
plantarum. Antimicrobial activities were
expressed as the diameter of inhibition zone
around the wells after overnight incubation.

Results
Stability of the immobilized cells

Fig. 1. Alginate gel beads

Figure 1 shows a photograph of the calcium
alginate beads immobilizing Lactobacillus
plantarum. The beads were all spherical in
shape and the sizes of the beads could be
varied by extruding the sodium alginate-cell
mixtures through nozzles of different
diameters. The effects of culture media (De
man Rogosa Sharpe Broth (MRS) broth,
Tryptone yeast extract and Glucose (TYG)
medium, and modified MRS (mMRS) medium)
on the stability of the beads were evaluated
(Table 1). When the beads were cultivated in
MRS broth, they dissolved within 24 h of
incubation. Those cultivated in TYG medium
lasted for 48h while the beads cultivated in
modified MRS medium (without potassium and
phosphate) lasted for 72h. By adding 1% CaCl,
to MRS medium, the solulization time
increased to 72h. Furthermore, addition of 4%
CaCl, to the medium prolonged the stability of
the beads to 216h. It is rather surprising that
by increasing the CaCl, concentration from 4%
to 5%, the time taken to solubilize the beads
increased sharply from 216 h to 500 h.
Although addition of CaCl, significantly
increased the stability of the beads, it is
necessary to know if addition of CaCl, has
negative effect on cell growth.
Figure 2 shows the number of free (un-
immobilized) Lactic Acid Bacteria cells in MRS
medium with different concentrations of CaCl,.
The amount of cells in the fermentation broth
increased as the CaCl, concentration increased
from 1% to 5%. For instance, at 1%CaCl,
solution, the number of cells in the culture
broth was 2.3x10”cfu/ml while at 3% CaCl,, it
was 2.5x10”cfu/ml.
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The  difference between the cell
concentration at 4% CaCl, (3.2 x 10’ cfu/ml)
and at 5% CaCl, (3.3 x 10’cfu/ml) was not
significantly different (p>0.05). The results
showed that addition of CaCl, to the medium

has no negative effects on cell growth.
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Fig. 2. Effect of addition of different
concentration of CaCl, to medium on
cell growth.

Effect of cell immobilization on cell growth

and antimicrobial activities

The antimicrobial activities of culture
broth obtained from immobilized and free
LAB cell cultures against the indicator

microorganisms are shown in Figure 3.
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Figure 3. Antimicrobial activity of immobilized and
free cells of LAB against indicator organisms
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Figure 4. Antimicrobial Activities of Immobilized and Free
LAB Cells under Aerobic and Anaerobic.

Statistical analysis indicated that there were
significant differences (p<0.05) in the
susceptibility of the indicator
microorganisms to the inhibitory substances
produced by LAB. B. subtilis was the most
susceptible, followed by B. cereus, while E.
coli was the least susceptible.

During the cultivation, the amount
of cells that leaked out from the beads was
1.0 x 10°%fu/ml while the total cell
concentration in suspended cell culture was
1.3 x 10’ cfu/ml. This implies that the
higher antimicrobial activity in the
immobilized cell cultures was due to the
immobilized cells rather than the leaked
cells.

Effects of oxygen tension on antimicrobial
substance production by the immobilized
and freely suspended LAB cells.

Figure 4 shows the antimicrobial
activities of immobilized and free LAB cells
under aerobic and anaerobic conditions.
Under all the four conditions investigated,
B. subtilis was the most susceptible,
followed by B. cereus, while the activities
against £. coli and L. monocytogen were
comparable. The immobilized cells
produced more antimicrobial substances
than the freely suspended cells regardless
of whether they were -cultivated under
aerobic or anaerobic condition.

It is interesting to note that with
suspended cell culture, the antimicrobial
activities were higher under anaerobic than
under aerobic conditions while in the case
of immobilized cells, the activities were
higher under aerobic than anaerobic
conditions. Although data are not shown, it
is also important to note that in suspended
cell culture, the cell concentrations were
higher under anaerobic than under aerobic
conditions. A comparison of immobilized
cell concentrations under aerobic and
anaerobic conditions shows that the
immobilized cell concentration under
aerobic condition (1.4 x 10 cells/bead)
was higher than the cell concentration
under anaerobic condition (1.2 x 10%
cells/bead).

In all the organisms tested,
culture broth from immobilized cell
cultures had higher activity against all the
indicator microorganisms than the free cell
culture (p < 0.05).
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Discussion

This work was designed to improve the
production of antimicrobial substances by
lactic acid bacteria immobilized in ca-
alginate gel beads and to analyze their
inhibitory activities against food spoilage
and pathogenic microorganisms. LAB
immobilization in ca-alginate gel beads was
subjected to different experimental
conditions and antimicrobial activities were
examined.

The L. plantarum was active against E.
coli ATCC 1175, B. cereus, B. subtilis and L
.monocytogenes. These organisms can
contaminate food during processing from
varieties of sources, including food handlers
and food equipments. They utilize simple
compounds in the food and in the process
release  various volatile off odour
components. It has been reported that the
shelf life of foods produced by LAB strains
showed a relatively better keeping quality
(Ogunbawo et. al.,, 2004, Mills et. al.,
2011).

A comprehensive review of the various
applications of bacteriocin in various food
products including meat, dairy products as
well as sea foods was presented by Chen
and Hoover (2003), and Bemeda et. al.
(2014). The long shelf life of some of the
locally fermented foods and condiments
such as ‘ukpaka’ can be attributed to
production of antimicrobial substances by
the indigenous lactic acid bacteria.

Effect of different media
components and CaCl, concentrations on
bead stability showed that MRS medium
was unsuitable for cultivation of cells
immobilized in calcium alginate. It resulted
in the weakening of crosslink in alginate gel
beads. Hence, the beads dissolved within
24h. This result is in line with the report of
Ogbonna et al.,1989a; Kostov et al., 2010
and Fadel et al.,, 2013. These reports
showed that a medium containing calcium
chelating agent such as phosphates or
cations (such as Mg®>* or K') led to
disruption of the gel by solubilization of the
bound Ca**. Production of acidic substances
may be partly responsible for the disruption
of  immobilized cells during the
fermentation. Addition of CaCl, to MRS
broth increased the stability of the bead
during fermentation without any adverse
effect on cell growth. This implies that
CaCl, helps to maintain mechanical

structure of the alginate beads. This result
agrees with reports of Kostov et. al. (2010)
and Fadel et. al. (2013) which showed that
addition of CaCl, to medium resulted in
solidification and stabilization of the bead.
Other factors such as the concentration of
sodium alginate, calcium chloride, and cell
concentration as well as incubation time
affect the stability of the resulting gel beads
(Ogbonna et. al., 1989a). Calcium chloride
was used as the gelling agent in this work,
although the use of Barium chloride as the
gelling agent results in higher gel strength
(Strand et al., 2000; Bajpai and Sharma,
2004), it is toxic to some cells (Ogbonna et
al., 1989b). Calcium was preferred due to
concern about possible health and
regulatory problems with use of Br?*,
especially in food systems.

Immobilized Lactobacillus plantarum had
higher activity than the free cells. This
suggests that the cell density influenced the
metabolism. Pilkington et. al.,, (1987)
confirmed that higher viable cell numbers
are reached in  immobilized cell
fermentation. This might be due to the
protection provided by cell immobilization
(Champagne et. al.,, 1994) allowing the
cells to overcome some adverse conditions.

The results of the effect of cell
immobilization under different conditions
showed that immobilized cell culture under
aerobic condition had higher antimicrobial
activity and higher cell concentration than
under anaerobic condition. This suggests
that aerobic condition provides conducive
environment for production of antimicrobial
substances. Batt (1999) and Ray (2000)
noted that LAB are microaerophiles and
grow best under reduced oxygen tension.

Conclusion

Lactic acid bacteria produce
antimicrobial substances that inhibit the
growth of various strains of pathogenic and
food spoilage microorganisms.
Immobilization of the cells in calcium
alginate  significantly  improved  the
production of antimicrobial substances by
Lactobacillus  plantarum. The calcium
alginate beads were unstable in MRS
medium but the stability was improved by
removing phosphate salts from the medium
or by adding calcium chloride to the
fermentation medium.
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Table 1. Effects of type of media and calcium chloride supplementation on the time
taken for the calcium alginate beads to solubilize during cultivation.

Media

Solubilization time (h)?

De man Rogosa Sharpe (MRS) medium
TYG Medium®

MRS medium without Potassium and phosphate

MRS + 1% calcium chloride
MRS + 2% calcium chloride
MRS + 3% calcium chloride
MRS + 4% calcium chloride
MRS + 5% calcium chloride

24+1.5
48+2.2
72+2.8
72+3.2
115+£2.6
1914
216+4.8
500+15

a: Solubilization time is the time (h) taken the beads to completely dissolve during cultivation in

the medium.

b: TYG medium was composed of 1% Tryptone, 1% Yeast extract and 5% Glucose
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