
JOURNAL OF PURE AND APPLIED MICROBIOLOGY, April 2011. Vol. 5(1), p. 61-69

* To whom all correspondence should be addressed.
E-mail: vadetunji@gmail.com;
            vo.adetunji@mail.ui.edu.ng

Effect of Sodium Chloride (NaCl) Concentrations and
Temperature on Antimicrobial Activity of Bacteriocins

Produced by Bacillus spp on Soft Cheese

Victoria O. Adetunji* and Opeyemi O. Olaoye

Veterinary Public Health Unit, Department of Veterinary Public Health and Preventive
Medicine, University of Ibadan, Ibadan, Oyo State, Nigeria.

(Received: 12 November 2010; accepted: 24 December 2010)

This study investigated the influence of sodium chloride concentrations
(0.1-0.5%) and temperatures (ambient (26-28°C); refrigerator(4-11°C) on antimicrobial
activity of bacteriocin from Bacillus spp. Three bacteriocins from Bacillus spp were
tested against Staphylococcus aureus², Salmonella enteritidis³ and Micrococcus luteus¹.
Zones of inhibition observed at various salt concentrations were not significantly different
at p<0.05 level, however bacteriocin produced by strain (In5a) showed inhibition
(12.00±0.000) mm against Micrococcus luteus at 0.5% salt concentration. The other
2 bacteriocins had inhibition of less than 6.0mm. Bacteriocin produced by strain (Oe2a)
was used alone and in combination with sodium chloride at 6.5 and 13% concentrations
for cheese storage at ambient and refrigerator temperatures, Cheese kept at ambient
temperature were mouldy by the fifth day of storage, while those kept at refrigerator
temperature lasted two weeks. It was observed that the bacteriocin was not effective at
ambient temperature, in addition, sodium chloride dramatically decreased bacteriocin
sensitivity by an increase in microbial counts for samples kept at ambient temperature.
Cheese kept at refrigerator temperature, had a decrease in microbial counts that was
significant (P<0.05) at higher concentration (13%) than at lower concentration (6.5%)
for aerobic counts. The reverse was the case for Enterobacteriacea, coliform, yeasts and
moulds counts.
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Several factors have been observed to
potentiate the production of bacteriocins. For
instance, a decrease in pH results in decrease
adsorption of bacteriocin molecules to the producer
cells and hence an increase bio-availability, also
temperatures (De vuyst, et al., 1996) as well as
nutrient availability play a crucial role in bacteriocin

production whereas the effect of Sodium chloride
on the production level of bacteriocins is still
unclear.

Supplementation of culture media with
growth enhancing factors, such as; salt, sugars,
vitamins and nitrogen sources, by regulating pH
or by choosing the best–adapted culture medium
(Vingnolo et al., 1995) have been observed to bring
about maximal bacteriocin production.

Also the possibility of suppression of
bacteriocin synthesis by sodium chloride (NaCl)
is of particular interest, because of its wide spread
used in a number of dairy products (e.g. cheese).
However, how factors, such as the presence of
salt and curing agents, influence bacteriocin titers
still remains unclear.
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Previously, the effect of salt on production
and/or activity of bacteriocins produced by lactic
acid bacteria have been reported to be beneficial
(Ganzle et al., 1996; Uguen et al., 1999) or harmful
(De Vuyst et al., 1996).  Abee et al. (1994) studied
the mode of effect of Nisin Z against L.
monocytogenes and found that NaCl slightly
increases Nisin’s inhibitory activity. The salt
concentrations used were of 0.5% and 2% weight
per volume. In addition, Parente et al. (1998)
demonstrated that increasing NaCl concentration
from 1% to 4.2% slightly increased the effect of
Nisin at 50IU/ml. Thomas and Wimpenny (1996),
asserted to a synergistic effect of NaCl
concentration on Nisin.  Mazzotta et al. (1997) also
observed that combination of Nisin and of 3% NaCl
concentration has synergistic effects on resistant
mutants of C. botulinum.

In contrast, Peykov et al. (2008) in his
study on the effect of salt on bacteriocin production
showed that sodium chloride (NaCl) had a
suppressing activity upon bacteriocin production
by three strains of Enterococus species isolated
from dairy products, a fact which was more clearly
observed in conditions of higher salt
concentrations. This study is aimed at evaluating
the effect of sodium chloride concentrations and
storage temperatures on the antimicrobial activity
of bacteriocins from Bacillus spp.

MATERIAL  AND METHODS

Methods
Bacterial strains

Six laboratory cultures of indicator
organisms viz. Staphylococcus aureus²,
Salmonella enteritidis³ and Micrococcus luteus¹.
were used in this study.
Isolation of bacilli strains

Bacilli strains were isolated from common
food products namely; ‘Wara’ (cheese), ‘Fura’
(fermented millet), ‘Elubo’ (yam flour) and ‘Kulikuli’
(groundnut cake).
Bacterial identification

Bacterial isolates were identified by
microscopic examination after gram staining and
staining for presence of endospores which is a
characteristic of the genus Bacillus. Biochemical
tests; catalase, oxidase and coagulase tests were
also carried out.

Identification of the bacteriocinogenic isolates:
Pure isolates selected as potential

bacteriocin-producer were identified on the basis
of their cultural, morphological, physiological and
biochemical characteristics (Schillinger and Lûcke,
1987).
Screening for Bacteriocin-Producing Bacilli
Detection of Antimicrobial Activity

The antimicrobial activity of the bacillus
strains isolated was observed by using them to
inhibit indicator organisms. Indicator organisms
used were Salmonella enteritidis³, Staph. aureus²
and Micrococcus luteus¹.
Harvesting of Bacteriocin

The 3 strains of bacilli showed
antimicrobial activity against indicator organisms
(17-27mm diameter zones of clearance on modified
Muller-Hinton agar against salmonella and yeast
strains. Bacillus spp isolates were grown in 10mls
of nutrient broth and incubated at 30-37°C
temperature overnight. The broth was centrifuged
at 3500 revolutions for 15 minutes after which the
supernatant was drawn out using a pipette. The
supernatant were neutralized using 1M NaOH and
glacial acetic acid.  An uninoculated nutrient broth
was used as control.
Sensitivity of bacteriocin harvested to Indicator
Organism using Agar Well Diffusion (AGW)
Assay

The supernatant from the 3 bacilli strains
were tested against 3 indicator organisms selected
from the previous group.  A strain of Salmonella
enteritidis, one strain of Staphylococcus aureus
and Micrococcus luteus using Agar Well Diffusion
(AWD) method (Lasta et al., 2008).

Modified Muller-Hinton agar plates was
prepared and allowed to cool to about 45°C. Prior
to pouring, the indicator organisms of 104cfuml
cell concentrations were incorporated into the agar
using appropriate jars. Modified media thereafter
was dispensed into petri dishes.  Wells, of about
5mm in diameter were bored into the agar
underplayed with Modified Muller-Hinton agar and
filled with 50µl of the harvested. The plates were
pre-incubated at 40C for 30minutes to allow for
diffusion of any inhibitory metabolite into the
surrounding agar, and then incubated at 37oC  for
18-24 hours. Clear zones of inhibition were
examined for in the agar surrounding the wells.
This was done in two replicates.
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Effect of Salt (Sodium Chloride) at different
Concentration on bacteriocin from Bacillus spp

Three strains recording high zones of
inhibition (17-27mm) was selected for this phase
of the experiment. The bacilli test strains (Oe2a,
Ok2a, and In5a) were grown in nutrient broth to
which sodium chloride was added at
concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5% and
incubated at 37oC temperature overnight. The broth
was centrifuged at 3500 revolutions for 15 minutes
after which the potency of the bacteriocin was
evaluated against indicators organisms using AWD
assay.

Preservation of local soft cheese using
bacteriocins in combination with salt
concentrations at ambient (26-28oC) and
refrigeration temperature (4- 11oC).

Bacteriocin obtained from one of the
three selected test strain (Oe2a) was used in
preserving cheese alone and in combination with
different salt concentrations (6.5 and 13%) and
subjected to two storage temperatures (ambient
(26-28oC) and refrigeration temperature (4- 11oC).
Sixty gram (60g) each of freshly prepared cheese
was aseptically cut out and placed in four sterile
jars. To each was added 50ml of whey. The jars
were labeled A, C, D and E.  Jar A contained cheese
alone (control) , jar C contained the cheese to which
bacteriocin alone was added, jar D contained cheese
to which was 6.5% salt concentration was added
to the bacteriocin, while jar E contained cheese to
which 13% salt was added to the bacteriocin.

The jars were stored at ambient
temperature (26-28oC) for 5days and refrigeration
temperature (4-11oC) for 13days. Days of sampling
and serial dilutions were has follows 0 (103), 3 (107),
5 (109), 7(109), 9 (105), 11(106)  and 13(106). On each
sampling day 5g cheese sample  was homogenized
and  serially diluted in 0.1% sterile peptone water.
Enumeration for aerobes was done on plate count
agar, enterobactericeae and coliforms on
maCconkey agar, yeasts and moulds on sabourand
agar. All plates were incubated at 37 oC for 24hrs.

RESULTS

Screening and Identification of Bacteriocinogenic
Strains

Forty-five isolates were obtained and
screened for antimicrobial spectrum against gram-

positive and gram- negative bacteria using the
surface diffusion method. The average diameter of
the inhibition zones measured was from
(5.90±0.000-30.00±0.000) mm (data not shown).
Among the isolates, eight strains showing
maximum zones of inhibition were selected.
Detection of antimicrobial spectrum

Results of the surface diffusion method
showed that the majority of the isolates contain
antimicrobial metabolites, with a wide spectrum that
inhibited the growth of the indicator organism used
(data not shown). Inhibition zones of  5.90 – 25.0mm
were detected .
Sensitivity of Bacteriocin Harvested to Indicator
Organisms

Bacteriocin harvested from the eight
strains selected examined for inhibition against the
three indicator organisms (Salmonella enteritidis,
Staphylococcus aureus and Micrococcus luteus)
used, showed that the bacteriocin posses a wide
range antimicrobial spectrum against the indicator
organisms. This was observed by zones of
inhibition measuring about (5.90±0.000-
25.00±0.000) mm (Table 1).
Effect of salt concentrations on the microbial
activity of bacteriocin

The effect of salt on bacteriocin was only
observed at 0.5% salt concentration with strain
In5a showing an inhibiting of (12.00±0.000) mm
against Micrococcus luteus (ML). Salt
concentrations, indicator organisms and the test
strains were not significantly (P<0.05) different
from one another (Table 2).
Effect of bacteriocin and salt concentrations on
microbial quality of cheese at ambient temperature

By the end of the fifth day the samples
were spoilt, there was an increase in the microbial
counts obtained in the samples along the days of
storage except for the coliform counts.

On day three of storage, sample C(cheese
in bacteriocin alone) was not different from sample
D (cheese in bacteriocin+6.5% salt) in microbial
floral except for the yeast and mould counts, while
in sample E (cheese in bacteriocin+13% salt) the
counts were higher significantly (P<0.05) for
aerobic, coliforms, molds and yeasts, except for
enterobacteriaceae counts

Also there was a reduction in the
microbial count obtained for sample with
bacteriocin alone (C) as compared with the control
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Table 1. Mean zones of inhibition (mm)) exhibited
by the bacteriocins against indicator microorganisms

Indicator organism Micrococcus Salmonella Staphylococcus
Bacillus strains luteus enteritidis  aureus

Bf4b 6.00±0.000 8.95±4.313 5.90±0.000
Bk4b 6.00±0.000 5.90±0.000 5.90±0.000
In5a 6.00±0.000 20.00±0.000 5.90±0.000
In5c 6.00±0.000 5.90±0.000 5.90±0.000
Mk1a 6.00±0.000 20.00±0.000 5.90±0.000
Oe2a 6.00±0.000 25.00±0.000 5.90±0.000
Ok2a 6.00±0.000 17.00±0.000 5.90±0.000
Sw3b1 6.00±0.000 5.90±0.000 5.90±0.000

Values are means ± standard deviation in millimeters
Keys: - Mw1a –bacteriocin from Mw1a strain
Oe2a –bacteriocin from Oe2a strain
Ok2a – bacteriocin from Ok2a strain
Sw3b1- bacteriocin from Swb1 strain
Bf4b – bacteriocin from Bf4b strain
Bk4b – bacteriocin from Bf4b strain
In5a –  bacteriocin from In5a strain
In5c –    bacteriocin from In5c strain
Indicator organisms: ML –Micrococcus luteus
Sal – Salmonella spp , Sta – Staphylococcus spp
Y2 - Yeast strain 2
Y3 – Yeast strain 3
NB: 5.9- no zone of inhibition observed;  6.0- observed zones of inhibition were not prominent.

(sample A), except for the values obtained for
enterobactericeae counts on the 3rd day and yeast
and mould counts on the fifth day. Comparing
sample C with sample D, the decrease was only
observed on day three with the aerobic count while
other counts increased throughout the storage
days. Sample E with a higher salt concentration
(13%) as compared to sample D, (6.5% salt
concentration) had an increase in the microbial
counts all throughout the five storage days
(Table 3).
Effect of bacteriocin and salt concentrations on
microbial quality of cheese at refrigeration
temperature

Samples kept at refrigerator temperature
lasted for two weeks of storage. The cheese
samples were also observed to retain its freshness
after the storage days. For the control sample (B)
the microbial counts increase along the days until
the 7th day when there was a sharp decline in the
counts. This was also observed for samples;
containing bacteriocin alone (sample F), with salt
concentration of 6.5% (sample G) and that with
salt concentration of 13% (sample H).

On the third day of storage, all the
samples were not significantly different from one
another for the microbes evaluated. By the fifth
day counts in the control sample (B), had increase
counts for all the microbes, while that in sample
stored with bacteriocin alone (sample F) reduced,
however comparing counts in sample F with that
from sample G and H, they were higher.
Nevertheless, counts in sample H (cheese with
bacteriocin+13% salt), was higher than sample G
(cheese with bacteriocin+6.5%salt). The coliform
counts were generally low for all the samples as
compared to other microbes. By the eleventh day,
yeast and mould counts in all the samples was <1
log (0.99±0.000), revealing the effectiveness of all
these treatments for yeast and mould inhibition.

However by the end of the storage days,
sample F was effective for inhibiting Aerobic counts
as compared to other microbes in relation to the
control sample. Comparing samples F, G and H for
the aerobic and enterobactericeae counts, higher
salt concentration only helped in lowering the
aerobic counts obtained in comparison to the other
samples.  While for coliform and enterobactericeae
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counts, the lower salt concentration decreased the
counts obtained as compared with the other
samples (Table 4).

DISCUSSION

The use of bacteriocin for preservation
of foods may contribute to more uniform and safer
products. However, the bacteriocin activity levels
in food matrix are less than the expected activity
levels. This is due to the specific conditions in the
food environment (Stiles.et al., 1996). For this
reason it is necessary to select strains synthesising
bacteriocin in an environment adapted for effective
bacteriocin production.

It has been suggested that the decrease
in bacteriocin production in the presence of salt is
due to interference of sodium chloride molecules
with binding of the induction factor (Nilsen, et al.,
1998), which is essential for bacteriocin production,
to its receptor. Hence, addition of salt may be one
of the major causes of the reduced efficacy of
bacteriocin-producing starter cultures in food
environments, however, research is in progress to
examine the roles of other compounds in food matrix
in this regards.

The possibilities of bacteriocin synthesis
suppression by sodium chloride are a point of
particular interest, because this substance is
widespread and often used in a number of dairy
products (e.g. cheese).

Inhibition was only observed with
bacteriocin from (In5a) against Micrococcus luteus
at salt concentration of 0.5% (table1), other
indicator organismswere able to maintain their
growth in the presence of this salt concentration,
thus making the bacteriocin ineffective. At salt
concentrations lower than 0.5% no zones of

inhibitions were observed. This reveals that there
was a reduction in growth of the bacteria at low
salt concentration, thus a reduction in bacteriocin
production at these salt concentrations. This is in
contrast to reports; by (Ganzle, et al.,1999;
,Korkeala, et al., 1992,Vingnolo, et al., 1995; Uguen,
et al., 1999 ) that low salt concentrations of salt
can enhance bacterial growth and reports from (De
Vuyst, et al., 1996; Rozes, et al., 1996;  Uguen, et
al., 1999), where a strong negative effect was
observed at high salt concentrations on the growth
of LAB.

In addition, salt concentrations of 0.1-
0.5% did not potentiate the antimicrobial activity
of the bacteriocin from the three strains tested.
Unlike, bacteriocins from Lactococcus brevis that
produced increase activity when the medium was
supplemented with 1-2% salt concentration in an
earlier study by Ogunbanwo et al., 2003ab.
Also, the difference observed in bacteriocin
activity at the different storage temperatures can
be due to the fact that at ambient temperature, the
temperature is high and  fermentation is enhanced
thus, affects the bacteriocin producing Bacilli
strain resulting into the decrease bacteriocin
efficacy, hence an increased microbial counts. This
is similar to observations by (Diep, et al., 2000;
Messens, et al., 2002) where curvacin A produced
by L. curvatus LTH 1174 was observed to be
abolished at an elevated temperature and
fermentation. However, the reduction in yeast,
mould and coliform counts at this temperature can
be due to a drop in pH during fermentation which
will render some species more susceptible to the
bacteriocin that is produced in situ (Verluyten, et
al., 2004).This also explains, the results obtained
from samples kept at refrigerator temperature, where
temperature is lower and fermentation reduced.

Table 4. Cont.

Day 13

Counts Aerobic Enterobacteriaceae Coliform Yeast and mould

Sample B 9.43±0.040a 8.34±0.045a 7.98±0.025a 0.99±0.000a

F 9.19±0.025b 8.99±0.020b 8.59±0.010b 0.99±0.000a

G 9.40±0.070a 8.29±0.030a 7.69±0.030c 0.99±0.000a

H 9.09±0.025b 8.77±0.020c 8.08±0.000d 0.99±0.000a

Values represent; Mean microbial count ± standard error of mean (log10 CFU/mil). Values with the same superscript(s) along the rows are not
significantly different from one another at p<0.05 level for the microbe evaluated from the cheese sample.
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CONCLUSION

Our findings showed a decrease in the
efficacy of bacteriocin under conditions of
increasing NaCl concentrations, especially at
ambient temperature.  The results obtained from
the use of 6.5 and 13% salt concentrations in
combination with bacteriocin in cheese storage is
similar to reports by El-molla et al., 1981 where S.
entericia Subsp entericia Serotype typhinurium
survived with 5% salt concentratrion added to the
cheese milk, This is of important consideration in
food processing and preservation involving a
combination of salt and bacterioicin e.g. Cheese.

It can therefore be suggested from this
study that, sodium chloride has suppressing
activity upon the efficacy of bacteriocin; this
finding was potentiated in conditions of higher
salt concentrations. The effect of sodium chloride
on bacteriocin efficacy should be taken into
account in food industry because of the
possibilities of the future application of
bacteriocins from Bacillus spp. The chemical
composition and the physical condition of food
can also have a significant influence on the activity
of bacteriocins; therefore, salt concentrations
added to dairy products should be kept as low as
possible.

REFERENCES

1. Vuyst L., Callewaert R, Crabbe K, Primary
metabolite kinetics of bacteriocins biosynthensis
by Lactobacillus amylivorus and evidence for
stimulation of bacteriocin production, under
unfavourable condition under unfavourable
growth conditions. Microbiology 1996; 142: 817-
827.

2. Vignolo, G.M, M.N.De Kairuz, A.A.P.De Ruiz
Holgado, G.Oliver,  Influence of growth
conditions on the production of lactocin 705, a
bacteriocin produced by Lactobacillus casei CRL
705, J. Appl. Bacteriol. 1995; 78: 5-10.

3. Ga¨nzle, M. G., C. Hertel and W. P. Hammes.,
Modelling the effect of pH, NaCl, and nitrite
concentrations on the antimicrobial activity of
sakacin P against Listeria ivanovii DSM 20750.
Fleischwirtschaft. 1996; 76: 409-412.

4. Uguen, P., J. Hamelin, J. P. Le Pennec, and C.
Blanco., Influence of osmolarity and the
presence of an osmoprotectant on Lactococcus
lactis growth and bacteriocin production. Appl.

Environ. Microbiol. 1999; 65: 291-293.
5. Abee, T., Romboust, F. M., Hungenhaltz, J.,

Gruhard, G. and Letelier, L., Mode of action of
nisin Z against Liasteria monocytogenes Scott A
grown at high and low temperatures. App.
Environ. Microbiol. 1994; 60: 1962-1968.

6. Parente E, Giglio M. A, Ricciardi A, Clementi
F., The combined effect of nisin, leucocin F10,
pH, NaCl and EDTA on the survival of Listeria
monocytogenes in broth. Int J Food Microbiol
1998; 40: 65-75.

7. Thomas, M. A., and Wimpenny, J. W. T.,
Investigation of the effect of combined variations
in temperatura, pH and NaCl concentration on
Nisin inhibition of Listeria monocytogenes and
Staphylococcus aureus .  Appl. Environ.
Microbiol. 1996; 62: 2002-2012.

8. Mazzotta, A. S., Crandall, A.D., Montville, T.
J., Nisin resistance in Clostridium botulinum
spores and vegetative cell. Appl. Environ.
Microbiol. 1997; 63: 2654-2359.

9. Peykov, S.L., Kaykova, O., Dinor, S.V., NaCl
suppression of bacteriocin production by three
Enterococcus strains. Trakis. J. of Sci. 2008;
6(1): 45-48.

10. Schillinger, U. And F.K. Lucke, Identification
of lactobacilli from meat and meat products. Food
Microbiol., 1987; 4: 199-208.

11. Lasta, S., Z. Fajioun, H. Darbon, P. Mansuelle,
N. Andreotti, J. Sabatier, L. Abdeilatif, A.
Boudabous and F. Sampieri, Chemical synthesis
and characterization of j46 peptide, an atypical
classIIa bacteriocin from Lactococcus lactis
subsp. cremoris J46 strain. J. Antibiotics, 2008;
61: 89-93.

12. Stiles, M. E., Biopreservation by lactic acid
bacteria. Antonie Leeuwenhoek 1996; 70: 331-
345.

13. Nilsen, T., I. F. Nes, and H. Holo., An exported
inducer peptide regulates bacteriocin production
in Enterococcus faecium CTC 492. J. Bacteriol.
1998; 180: 1848-1854

14. Gänzle, M. G., M. Ehmann, and W. P. Hammes.,
Modeling of growth of Lactobacillus
sanfranciscensis and Candida milleri in response
to process parameters of sourdough
fermentation. Appl. Environ. Microbiol. 1998;
64: 2616-2623

15. Korkeala, H., T. Alanko, and T. Tiusanen., Effect
of sodium nitrite and sodium chloride on growth
of lactic acid bacteria. Acta Vet. Scand. 1992; 33:
27-32.

16. Rozés, N., and C. Peres., Effect of oleuropein
and sodium chloride on viability and metabolism
of Lactobacillus plantarum. Appl. Microbiol.



J. Pure & Appl. Microbiol., 5(1), April 2011.

69ADETUNJI & OLAOYE:   ANTIMICROBIAL ACTIVITY OF BACTERIOCINS

Biotechnol. 1996; 45: 839-843.
17. Ogunbawo S.T and Sanni A.I, Influence of

cultural conditions on the production of
bacteriocin by Lactobacillus brevis OGI. African
Journal of Biotechnology 2003a; 2(7): 179-184,
219-227.

18. Ogunbawo S.T and Sanni A.I, Characterisation
of bacteriocin produced by Lcatobacillus
plantarum F1 and Lactobacillus brevis OGI.
African Journal of Biotechnology. 2003b; 2(7):
219-227.

19. Diep, D. B., L. Axelsson, C. Grefsli, and I. F.
Nes., The synthesis of the bacteriocin sakacin A
is a temperature-sensitive process regulated by
a pheromone peptide through a three-component

regulatory system. Microbiology. 2000; 146:
2155-2160.

20. Messens, W., J. Verluyten, F. Leroy, and L. De
Vuyst., Modelling growth and bacteriocin
production by Lactobacillus curvatus LTH 1174
in response to temperature and pH values used
for European sausage fermentation processes.
Int. J. Food Microbiol. 2002; 81: 41-52.

21. Verluyten, J., Messens, W. and DeVuyst, L.
Sodium Chloride reduces production of Curvacin
A, a Bacteriocin produced by Lactobacillus
curvatus Strain LTH 1174, originating from
fermented sausage. Appl. Environ. Microbiol.
2004; 70: 2271-2278.


