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Abstract The influence of temperature, initial pH, and
carbon and nitrogen sources on bacteriocin secreted by
Lactococcus lactis MM19 (MM19) and Pediococcus
acidilactici MM33 (MM33) was evaluated. It was found
that 30 and 45 °C were the growth temperatures for higher
nisin and pediocin production by MMI19 and MM33,
respectively. The initial pH values for higher production of
nisin and pediocin were 9 and 6, respectively. Glucose and
wheat peptone E430 were found as suitable carbon and
nitrogen sources, respectively, for highest nisin production
by MM19 at 30 °C and initial pH of 9. In these conditions,
nisin production could be increased by 6.7 times as com-
pared to the control medium (de Man, Rogosa, and
Sharpe—MRS broth). Similarly, fructose and pea peptone
were suitable carbon and nitrogen sources, respectively, for
highest production of pediocin by MM33 at 45 °C and
initial pH of 6. In these conditions, pediocin production by
MM33 was increased by three times as compared to the
control medium (tryptone-glucose-yeast extract—TGE
broth).
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Introduction

Probiotics are widely defined as «live microbial feed sup-
plements» with beneficial effects on the host by improving
its intestinal microbial balance. Lactococcus lactis subsp.
lactis and Pediococcus acidilactici are microorganisms
which are classified as generally recognized as safe
(GRAS). These beneficial bacteria are used in pharma-
ceutical and food industries [1]. Probiotic bacteria are
known for their production of antimicrobial metabolites
such as lactic acid, diacetyl, hydrogen peroxide, and bac-
teriocins [2]. Lactic acid bacteria (LAB) and their bacte-
riocins are also used as food preservatives. Therefore,
production of LAB biomass and their bacteriocins with
high antibacterial activity are important in both techno-
logical and economical point of view.

Nisin is approved for food preservation by many coun-
tries, and it has been produced industrially [3]. According
to Parente and Ricciardi [3] in the industrial process, yeast
extract is added to pasteurized milk and the medium is
treated with a protease. The treated substrate is used as a
fermentation medium for nisin production under controlled
pH and temperature. At the end of fermentation, a nisin
extraction process is conducted, and the powder of
extracted nisin is obtained by a spray-drying step. The
powder is standardized and mixed with NaCl to obtain a
final powder product with an activity of 1 x 10° IU g~'
[3]. Further steps for purification of nisin are very expen-
sive, and therefore, commercial nisin is routinely available
as raw powder product for food application [3].

The bacterial growth and bacteriocin production by
LAB are strongly influenced by microbial strains, medium
composition consisting of carbon and nitrogen sources as
well as other growth factors, such as oligo elements, some
minerals and vitamins, and other fermentation conditions
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such as initial pH, temperature, and dissolved oxygen level
[3-6]. In addition, the LAB are nutritionally fastidious
microorganisms. Their growth and bacteriocin production
are often limited by organic nitrogen sources rather than by
carbon substrates [3].

Recently, our laboratory has isolated many LAB from
human intestine, and two of them were identified as Lacto-
coccus lactis supsp. lactis (MM 19) and Pediococcus acidi-
lactici (MM33) [7]. L. lactis MM19 is a nisin-producing
strain, while P. acidilactici MM33 is a pediocin-producing
strain [8]. For bacteriocin production from these isolated
strains in the previous research, de Man, Rogosa, and Sharpe
(MRS) broth medium was used as a basic medium [7, 8]. In
case of pediocin production by P. acidilactici, Biswas et al.
[9] demonstrated that tryptone-glucose-yeast extract (TGE)
broth was a better medium as compared to MRS broth. It is
supposed that by utilization of suitable carbon and nitrogen
sources as well as applying suitable temperature and pH for
the growth of these isolated strains (MM19 and MM33),
higher bacteriocins can be reached.

Therefore, the main objective of the present work was to
study the influence of temperature, initial pH, and different
sources of carbon and nitrogen on bacteriocin production
by L. lactis MM19 and P. acidilactici MM33.

Materials and Methods
Bacterial Strains

L. lactis MM19 and P. acidilactici MM33 were isolated in
our laboratory from human stool [7]. These organisms were
used to produce nisin and pediocin, respectively. They
were stored at —80 °C in MRS broth medium (Difco
Laboratories, Detroit, MI, USA) containing glycerol (10 %
V/V). In this study, the basal media for culturing L. lactis
MMI19 and P. acidilactici were MRS broth and TGE,
respectively. The composition of these media is presented
in Table 1. Before each experiment, stock cultures were
activated by propagating through two consecutive 24-h
growth cycles at 37 °C.

In order to estimate the bacteriocin activity, a well dif-
fusion assay was used. Lactobacillus sakei was used an
indicator strain in this assay. Stock cultures of L. sakei
were stored at —80 °C in MRS broth containing glycerol
(10 % V/V). L. sakei was propagated in MRS culture broth
at 37 £+ 1 °C. Before being used in experiments, this strain
was propagated in broth twice overnight.

Bacteriocin Assay

For bacteriocin assay, the cell-free supernatant (CFS) of
cultured broth of L. lactis MM19 and P. acidilactici MM33
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was used. Supernatant was obtained by centrifugation of
the cultured broth at 6000x g for 30 min at 4 °C followed
by neutralization to pH 6.5 using 1 N NaOH solution. The
neutralization of supernatant aimed at preventing the effect
of organic acids produced by these cultures. The neutral-
ized supernatant was then filtered through a 0.2-um filter
(Sarsted, Montréal, QC, Canada) to obtain cell-free
supernatant [7, 10].

Bacteriocin production was confirmed by the agar well
diffusion assay as described by Schillinger and Luke [11].
First, 30 ml of unsolidified MRS soft agar (MRS broth
supplemented with 0.75 % agar instead of 1.5 %, w/v) was
inoculated with approximately 10° CFU ml~' of L. sakei
used as the indicator strain. The mixture was then poured
into 100 x 15-mm standard Petri dishes and allowed to
solidify for 30 min at room temperature. Wells of 6 mm
diameter were cut from the gel, and 80 pl of CFS was
placed into each well. All plates were then incubated at
37 £ 1 °C for 24 h, and inhibition zone of each well was
examined. The inhibition was scored positive if the width
of the clear zone around the well was >0.5 mm. Antimi-
crobial activity was expressed as arbitrary units (AU) per
ml. The AU was defined as the reciprocal of the highest
dilution showing a clear zone of growth inhibition [12].

Effect of Temperature on Bacteriocin Production
by L. lactis MM19 and P. acidilactici MM33

Effect of temperature on production of nisin and pediocin
by L. lactis MM19 and P. acidilactici MM33, respectively,
was evaluated. These cultures were grown in flasks of
150 ml containing 75 ml of medium at different tempera-
tures of 25, 30, 37, and 45 °C for 16 h. The flasks were
inoculated with 2 % inoculum (v/v), and samples were
taken every 2 h. The antimicrobial activity (AU/ml) of the
CFS of these strains against L. sakei was determined using
well diffusion assay method as described above. The suit-
able temperatures for higher production of bacteriocins by
L. lactis MM19 and P. acidilactici MM33 were used for
further experiments.

Effect of Initial pH on Bacteriocin Production by L.
lactis MM19 and P. acidilactici MM33

Effects of initial pH of the media on production of nisin and
pediocin by L. lactis MM19 and P. acidilactici MM33,
respectively, was evaluated. These bacteria were grown in
flasks of 150 ml containing 75 ml of medium conditioned at
various pH (from 4 to 11) for 16 h. The flasks were inocu-
lated with 2 % inoculum (v/v), and samples were taken every
2 h. The antimicrobial activity (AU/ml) of the CFS of these
strains against L. sakei was determined using well diffusion
assay method as described above. The final pH of the
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Table 1 Composition of basal
MRS and TGE broths (for 1 1)

MRS (for MM19) (/1) TGE?* (for MM33) (/1)

Proteose peptone
Trypticase

Beef extract

Yeast extract
D-Glucose
Polysorbate 80
MgSO,-7H,0
MnSO,-H,O
Dipotassium phosphate
Ammonium citrate
pH

10 -

- 20
10 -

5 20
20 20

1 2
0.1 0.05
0.05 0.05
2 -

2 _
6.5 6.8

* Tryptone-glucose-yeast extract,

fermented broth was also determined. The initial pH for
higher production of bacteriocins by L. lactis MM19 and P.
acidilactici MM33 was used for further experiments.

Effect of Different Carbon Sources on Bacteriocin
Production by L. lactis MM19 and P. acidilactici
MM33

Effect of many carbon sources on nisin and pediocin pro-
duction by L. lactis MM19 and P. acidilactici MM33,
respectively, was tested at initial pH 9 for MM19 and at
initial pH 6 for MM33. The carbon sources tested were
glucose, lactose, galactose, sucrose, fructose, and maltose
(Laboratoire MAT, Beauport, QC, Canada) (20 g/l), the
basal medium without sugar served as a control media. The
incubation temperature tested were 30 °C for L. lactis
MMI19 and 45 °C for P. acidilactici MM33, in flask of
150 ml containing 75 ml of medium, for 16 h. The flasks
were inoculated with 2 % inoculum (v/v), and samples
were taken every 2 h. The antimicrobial activity (AU/ml)
of the CFS of these strains against L. sakei was determined
using well diffusion assay method as described above. The
carbon sources that caused highest production of bacteri-
ocins by L. lactis MM19 or P. acidilactici MM33 were
used for later experiment.

Effect of Different Nitrogen Sources on Bacteriocin
Production by L. lactis MM19 and P. acidilactici
MM33

Effect of multiple nitrogen sources on production of nisin
and pediocin by L. lactis MM19 and P. acidilactici MM33,
respectively, was tested at initial pH 9 for MM19 and at
initial pH 6 for MM33. The carbon sources were glucose
for L. lactis MM19 and fructose for P. acidilactici MM33
at the concentration of 20 g/l as determined in previous

< s

-’ absence of the nutrient element

experiment. The nitrogen sources tested were casein pep-
tone E1, kosher casein peptone, tryptone plus, tryptone N1,
casein hydrolysate C2, meat peptone N2, casein-meat
peptone E2, meat peptone S2, meat extract N1, gelatine
peptone N2, gelatine peptone N3, malt extract R2, yeast
extract, malt extract R3, pea peptone, wheat peptone E430,
soy peptone AM41, wheat peptone E1, vegetable peptone,
vegetable peptone ET1, soy peptone A3SC, and casein
peptone plus. The basal media of MRS and TGE without
nitrogen served as control media. All nitrogen sources were
from Organotechnie® S.A.S (La Courneuve, France). The
incubation temperature tested was 30 °C for L. lactis
MMI19 and 45 °C for P. acidilactici MM33, in flask of
150 ml containing 75 ml of medium. The flasks were
inoculated with 2 % inoculum (v/v), and samples were
taken every 2 h during 16 h. The antimicrobial activity
(AU/ml) of the CFS of these strains against L. sakei was
determined using well diffusion assay method as described
above.

Statistical Analysis

The experiments were conducted in duplicate, and each
parameter was analyzed in triplicate. The results were
reported as mean =+ standard error.

Results and Discussion

The production of biomass and bacteriocin by LAB is
dependent on the culture media compositions, environ-
mental and pH conditions, and physical conditions (tem-
perature, oxygen tension, agitation, and more). The culture
conditions for the bacteriocin production were determined
for some LAB strains isolated from different environments,
mainly from foods [13, 14].
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Effect of Temperature on Bacteriocin Production

Figure 1 shows the influence of temperature on nisin pro-
duction [antimicrobial activity (AU/ml)] of L. lactis
MM19. The highest nisin production was obtained when
the fermentation temperature was carried out at 30 and
37 °C. From 25 to 37 °C, the bacteriocin activity increased
from 500 to 6200 AU/ml, representing an activity increase
by more than ten times. There was no significant difference
(P > 0.05) in antibacterial activity between 30 and 37 °C.
Therefore, 30 °C was selected as incubation temperature of
L. lactis MM19 for further experiments.

Profile of pediocin production by P. acidilactici
MM33 is presented in Fig. 2. It can be observed that
highest pediocin production was obtained at 45 °C as
compared to other growth temperature. An antibacterial
activity of 25,000 AU/ml was reached after 14 h at
45 °C as compared to 20,000, 1500, and 0 AU/ml at 37,
30, and 25 °C, respectively. Therefore, 45 °C was
selected as the incubation temperature for further
experiments for MM33.

Cheigh et al. [14] investigated the influence of growth
parameters on the production of a nisin-like bacteriocin by
Lactococcus lactis subsp. lactis A164 isolated from kim-
chi. The author found that preferred temperature for the
bacteriocin production was at 30 °C which is similar to
our bacterial strain MM19 [14]. Biswas et al. [9] found
that the bacterial dry mass, organic acid, and pediocin
AcH production by P. acidilactici H were maximum in
TGE broth with an initial pH of 6.5 after 16 h of incu-
bation at 30 or 37 °C; however, a reduction in both bac-
terial dry mass and pediocin AcH production was
observed at 40 °C. Thus, depending on bacterial strain, the
suitable temperature for growth or for bacteriocin pro-
duction can vary significantly.
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Fig. 1 Influence of temperature on nisin production by Lactococcus
lactis MM19
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Fig. 2 Influence of temperature on pediocin production by Pedio-
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Fig. 3 Effect of initial pH of culture media on bacteriocin production
and final pH of a Lactococcus lactis MM19 and b Pediococcus
acidilactici MM33

Effect of Initial pH on Bacteriocin Production

The MRS medium and the incubation temperature of 30 °C
were used to evaluate the effects of initial pH of medium
on nisin production by L. lactis MM19, and the results are
presented in Fig. 3a. It can be observed that nisin activity
was highest at pH 8 where an antibacterial activity of
21,333 AU was obtained. However, there was no signifi-
cant difference (P > 0.05) in antibacterial activity among
initial pH 7, 8, and 9 (Fig. 3a). Further, pH 9 was found to
be as preferred initial pH for the growth of MM19 (data not
shown). Therefore, pH 9 was chosen as the initial pH in
further experiments for L. lactis MM19.
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The TGE medium and the incubation temperature of
45 °C were used to evaluate the effects of initial pH of
medium on pediocin production by P. acidilactici MM33,
and the results are presented in Fig. 3b. Results showed
that a higher bacteriocin production was obtained at pH 5
and 6 as compared to other pH, with a maximum bacteri-
ocin activity of 25,600 AU/ml. Therefore, pH 6 was chosen
as the initial pH in further experiments for P. acidilactici
MM33.

These results showed that the production of bacteriocin
was dependant on initial medium pH. The final pH values
of all cultures ranged between 4.21 and 5.53 for the nisin
production by L. lactis MM19. The pH at the end of the
growth was stable with the initial pH from 4 to 11. In case
of pediocin production by P. acidilactici MM33, the final
pH of the culture varied between 3.63 and 4.23 with the
initial pH of 4-9, but it was reduced to 7.99 and 8.25 for
initial pH 10 and 11, respectively. This suggests that ped-
iocin production is not affected by low pH values.

Similar results were reported for other bacteriocins such
as plantaricin A [15], plantaricin S and T [16], plantaricin
149 [17], and plantaricin ST31 [18] where the production
of bacteriocins was affected by pH. The optimal pH for
bacteriocin production was usually about 5.5-6.0, for
example, nisin Z [19] and lactococcin 140 [5], and these
pH values were lower than the optimal pH for bacterial
growth. In case of lactococcin 140 that was produced by L.
lactis subsp. lactis 140NWC, it was found that a maximum
activity of 15.4 x 10° AU/ml was obtained after 7 h at pH
5.5 [5]. Cheigh et al. [14] also found that the bacteriocin
production by P. acidilactici isolated from kimchi was also
affected by pH of the culture broth. The authors found that
although the cell growth at pH 6.0 was also most at same
level at pH 5.5 and 6.5, higher bacteriocin activity was
obtained at pH 6.0, and therefore, the optimal pH for
growth and bacteriocin production was 6.0. [14]. Thus, it
can be concluded that optimal pH for the growth or bac-
teriocin production depends significantly on the charac-
teristics of microbial strains used.

Effect of Carbon Sources on Bacteriocin Production

Effects of various carbon sources (glucose, lactose, galac-
tose, sucrose, and fructose) on nisin and pediocin produc-
tion by L. lactis MMI19 and P. acidilactici MM33,
respectively, are presented in Fig. 4. The utilization of
glucose or lactose has led to higher nisin production with
an antimicrobial activity of 6400 AU/ml as compared to
2667, 2133, and 1600 AU/ml in the presence of fructose,
maltose, and galactose, respectively. Sucrose did not
induce bacteriocin production by MMI19. The present
research showed that glucose and lactose are the most
suitable carbon source for nisin production. Therefore,

25000

- MM19
. MIM33

20000

15000

10000

Antibacterial activity (AU/ml)

5000

MAANNA\\\\\\
M\

MIMDIDANNNY

% %

No sugar Glucose Lactose Galactose Sucrose Fructose Maltose

Carbon sources

Fig. 4 Effect of carbon sources on bacteriocin production by
Lactococcus lactis MM19 and Pediococcus acidilactici MM33

glucose was selected as the carbon sources in further
experiments for L. lactis MM19.

In case of P. acidilactici MM33, galactose and fructose
resulted in a higher production of pediocin with an
antimicrobial activity of 12,800 and 17,067 AU/ml,
respectively (Fig. 4). The other carbon sources produced
less pediocin, which caused lower antimicrobial activity.
Based on these results, pediocin production is found to be
stimulated mostly in the presence of galactose and fructose.
Since no significant difference (P > 0.05) was observed
between fructose and galactose, fructose was chosen as the
carbon source for future experiments for P. acidilactici
MM33.

It has been observed that carbon sources have important
impact on bacteriocin production by LAB. For example,
Todorov and Dicks [20] evaluated the effect of MRS broth
without glucose, and supplemented with 20 g/l of fructose,
sucrose, lactose, mannose, or maltose on bacteriocin pro-
duction by Lactobacillus plantarum ST194BZ. The authors
found that in the presence of 10 or 20 g/l of p-mannose,
strain ST194BZ produced bacteriocin levels of 12,800 AU/
ml, and in the presence of 30 or 40 g/l of mannose, the
activity levels were increased to 25,600 AU/m, while other
sugars such as fructose, saccharose, or lactose did not
improve bacteriocin production [20]. Thus, suitable carbon
source for high production of bacteriocin should be eval-
uated since it also depends on properties of LAB strains as
observed in current study.

Effect of Nitrogen Sources on Bacteriocin
Production

The effects of various nitrogen sources on nisin and ped-
iocin production by L. lactis MM19 and P. acidilactici
MM33 are presented in Fig. 5. L. lactis MM19 was inoc-
ulated in MRS medium in the presence of twenty-two
different sources of nitrogen, and the fermentation was
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performed at 30 °C for 16 h. Nisin production was sig-
nificantly increased by the presence of wheat peptone
E430, soy peptone AM41, and wheat peptone El (Fig. 5).
The highest production of nisin was observed in the pres-
ence of wheat peptone E430 with an activity of 42,691 AU/
ml as compared to the MRS broth with an activity of
6400 AU/ml. This showed an increase by 6.7-fold the
production of nisin. In case of P. acidilactici MM33, the
highest pediocin production was observed in the presence
of pea peptone with an activity of 51,237 AU/ml as com-
pared to 17,067 AU/ml in the TGE medium (Fig. 5). This
showed an increased by threefold production of pediocin.

The obtained results are of interest since it demonstrated
that utilization of suitable nitrogen source for target LAB
strains, in this case MM19 and MM33, could improve
significantly their antibacterial activity. In other study, De
Carvalho et al. [21] evaluated the effect of nitrogen sources
(yeast extract, trypticase, meat extract, soy peptone, meat
peptone, casein peptone, and ammonium sulfate) on bovi-
cin HCS produced by Streptococcus bovis HCS; the author
found that when adding yeast extract (0.5 g/l) plus trypti-
case (1 g/l) into basic medium, highest bovicin HCS5
specific activity and dry cell mass were obtained. With this
mixed nitrogen source, bacteriocin could be produced at
least three times higher than other added nitrogen source
(1.5 g/l). The results confirmed that selection of suit-
able nitrogen source may improve bacteriocin production
by specific LAB strains [21].

Conclusions

The culture medium that improved the production of nisin
by L. lactis MM19 was the MRS broth containing glucose
as a source of carbon, and wheat peptone E430 as a source
of nitrogen, with an initial pH of 9 and a growth temper-
ature of 30 °C. This formulated medium increased nisin
activity by more than 6.7 times as compared to the basal
MRS broth. The culture medium that improved the
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production of pediocin by P. acidilactici MM33 was the
MRS broth containing fructose as a carbon source, and pea
peptone as nitrogen source, with an initial pH of 6 and
temperature maintaining at 45 °C. The formulated medium
increased the pediocin production by three times as com-
pared to the TGE broth.
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