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Abstract: The objective of this study was to evaluate the effects of
some culture conditions and components of the culture medium on
the production of bacteriocin from Lactobacillus helveticus DF to get
maximum bacteriocin yield. The results showed that the best culture
conditions for maximum bacteriocin production were; pH 6,
incubation temperature 37°C, incubation period 48 hours and the
best culture medium MRS at anaerobic conditions. Optimization of
the medium ingredients was also investigated. The production of
active antimicrobial peptide bacteriocin, active against Gram-
positive and Gram-negative microorganisms including P.aeruginosa
(B) and E. Feacalis (A), by L. helveticus DF isolated from feces of
infants is influenced by complex nitrogen sources and carbon sources
in the production medium. Medium components, especially peptone,
beef extract and yeast extract, and their concentration contributed to
an increase in the production during the stationary phase. The
Optimal nitrogen sources for their production were 1.5%, 2%, 2%
(w/v) of peptone, beef extract and yeast extract respectively,
accordingly, the present result evidenced that the increment in
bacteriocin production was attributed to nitrogen source. Bacteriocin
production by L. helveticus DF emphasized that the higher
bacteriocin yield was attained in the medium supplied with Tween 80
compared to the medium without the addition of tween 80, the
optimal concentration for their production 0.75%. Carbon source
supplementation in culture media favored the maximum bacteriocin
yield by L. helveticus DF, maximum bacteriocin yield when cultured
in MRS supplemented with glucose and mannose (2%w/v).
Bacteriocin production was affected differently by the presence of
different concentrations of K2HPO4 or KH2PO4. Optimal
bacteriocin production was recorded in the presence of 0.25%
K2HPO4.
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1. Introduction

Lactic acid bacteria (LAB) are a kind of
microorganisms that have great economic
importance to the food biotechnology sector as
well as in the production of other health
supplements [1].. Lactobacilli are one of the
frequently used commercial probiotic groups
within LAB and are considered to play a
beneficial role in the human and animal
intestinal tract [2]. Many species of
Lactobacillus, used in the manufacture of
fermented dairy products, which inhibit the
growth of other bacteria including intestinal
pathogens and spoilage organisms could be
attributed to the production of antimicrobial
compounds including organic acids, hydrogen
peroxide, antibiotics and bacteriocins [3].
Bacteriocin is a small proteinaceous compound
with low- molecular mass, consisting of 30 to
60 amino acids synthesized by bacterial
ribosomes, and extracellularly excreted to
inhibit or kill other bacterial strains,
Bacteriocin production is a desirable trait
among LAB from the perspective of
controlling microbial population in fermented
foods to extend product shelf —life and safety
[4,5]. Optimum growth and bacteriocin
production depend on various factors: culture
conditions such as pH, temperature, agitation
and type of medium in addition to other factors
including carbon and nitrogen sources [6,7,8].
These parameters are generally specific to
producer strains [6]. Optimization of
bacteriocin production and improvement of its
activity may have great economic significance.
The production of bacteriocin is growth
associated because production occurs during
the mid-exponential phase and increases to
reach a maximal level at the end of the
exponential phase or the beginning of the early-
stationary phase [9]. Moreover, several reports
on bacteriocin have been published, but only
limited information is available for bacteriocins
produced by Lactobacillus helveticus.
Therefore, the study aimed to evaluate the
influence of certain growth conditions and

medium composition on the bacteriocin
production by L. helveticus to formulate an
appropriate medium for bacteriocin production
by this isolate.

2- Methodology
Bacterial isolates
Bacteriocin producer

The bacterial isolate  Lactobacillus
helveticus DF which was previously isolated
from feces was used for bacteriocin production.
Producer isolate was preserved in MRS broth
plus 20% of glycerol and inoculated with fresh
bacteria, incubated at 37°C for 48 hours with
anaerobic conditions. Then kept at -20°C and
subcultured every 6 months.

Indicator bacteria

A total of two bacterial isolates; one isolate
of Pseudomonas aeruginosa and one isolate of
Enterococcus feacalis were used as indicator
bacteria. They were preserved in brain heart
infusion agar slants, inoculated with an 18-
hours old culture of bacterial isolates and
incubated at 37°C for 24 hours. Then kept at
4°C and sub-cultured monthly.
Effect of some conditions on bacteriocin
production

e Effect of culture medium

The four-culture media included: DeMan
Rogosa Sharpe broth (MRSB), brain heart
infusion broth (BHIB) and acetate medium of
Rogosa were inoculated with fresh broth
culture of L. helveticus DF and incubated
anaerobically at 37°C for 48 hours. [10]

e Effect of medium composition

The fresh broth culture of L. helveticus DF
was used to inoculate the following media and
incubated anaerobically at 37°C for 48 hours:
A- The best culture medium without tween 80

was supplemented with (0.1, 0.2, 0.25, 0.5,

0.75 and 1) % of tween 80, respectively.

B- The best culture medium without organic
nitrogen sources was supplemented with
(0.25 0.5, 1, 1.5, 2 and 2.5) % of peptone,
beef extract and yeast extract, respectively.
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C- The best culture medium without potassium
phosphate was supplemented with (0.1, 0.2,
0.25 and 05) % of KH,PO, and KoHPO,,
respectively.

D- The best culture medium without glucose
was supplemented with 2% of glucose,
lactose, maltose, mannitol, sucrose,
fructose and mannose, respectively.

o Effect of medium pH

The best culture medium was adjusted to pH
4,45, 5,55, 6, 6.5, 7, 8 and 9 respectively,
and inoculated with fresh broth culture of L.
helveticus DF and incubated anaerobically at
37°C for 48 hours.

e [Effect of Inoculum Size

The best culture medium was inoculated
with (10%, 10°, 10°%, 10", 10°% 10° and 10%)
cell/ml of fresh broth culture of L. helveticus
DF respectively and incubated anaerobically at
37°C for 48 hours.

e Effect of incubation temperature

The best culture medium was inoculated
with fresh broth culture of L. helveticus DF and
incubated anaerobically at (30, 35, 37 and 40)
°C respectively for 48 hours.

e Effect of the incubation period

The best culture medium was inoculated
with fresh broth culture of L. helveticus DF and
incubated anaerobically at 37°C for 18, 24, 48
and 72 hours.

e Effect of incubation conditions

The best culture medium was inoculated
with fresh broth culture of L. helveticus DF and
incubated anaerobically and aerobically at
37°C for 48 hours.

Bacteriocin activity assay

Bacteriocin activity was detected by serial
twofold dilutions of cell-free supernatant
(crude bacteriocin) and determined against
indicator bacteria using agar well diffusion
assay. The arbitrary unit (AU) was calculated

according to [11], and bacteriocin was
concentrated according to [12].

3. Results and Discussion

L. helveticus DF was subjected to different
optimization experiments to determine the best
condition for bacteriocin production, also the
influence of culture medium components on
the production of bacteriocin was investigated
using more sensitive pathogenic bacteria to
bacteriocin include E. feacalis (A) &
p.aeruginosa (B) as an indicator organism.

As shown in Figure (1) different culture
media (MRSB, SL broth and BHIB) were
tested to select the one that can support the
maximum production of bacteriocin. The
results showed that the MRS was the best
medium for the bacteriocin production which
gave the highest antagonistic activity against
P.aeruginosa B and E. feacalis A with
diameters ( 17.5 and12.5) mm respectively,
followed by SL broth medium, which recorded
(14 and 8) mm respectively against the same
indicator bacteria above. On the other hand, no
production was occurred in BHIB, which is a
nutrient medium suitable for the growth of a
variety of microorganisms but not suitable for
the growth and production of bacteriocin from
Lactobacillus spp. However, the MRS medium
is a better one for cell growth and bacteriocin
production.
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Figure (1): Antagonistic activity of L.
helveticus DF against indicator bacteria in
different culture media (MRSB: De Man
Rogosa Sharp, SL: Acetate medium of
Rogosa, BHIB: Brain Heart Infusion Broth
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As shown in Figure (2) there was an
increase in bacteriocin production as a result of
the addition in different concentrations (0.5 to
1) %, Tween 80 strongly affected the
production of Dbacteriocin, the highest
agoniantagonistic activity was recorded at
0.75% concentration, the diameter of inhibition
zone at this concentration aswas (31 and 19)
mm against p.aeruginosa (B) and E. Feacalis
(A) respectively.
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Figure (2): Effect of tween 80 on production
of bacteriocin produced by L. helveticus DF.

In this study, different nitrogen sources
such as Pepton, yeast extract and meat extract
were used as ingredients to increase the
production of bacteriocin in the media against
indicator bacteria (E. Feacalis (A) and
p.aeruginosa (B).

As shown in Figure (3), the addition of
peptone in concentration 1.5% has a great
impact on bacteriocin production during the
growth of L. helveticus DF, the result showed
from this experiment noticeable increase in
antimicrobial activity to (24 and 15.5) mm
against p.aeruginosa (B) and E. Feacalis (A),
in comparison with the medium without the
addition of peptone.
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Figure (3): Effect of peptone on the production of
bacteriocin produced from L. helveticus DF

As shown in Figure (4) the effect of
different concentrations of beef extract on

producing of bacteriocin from L. helveticus DF
which gives the highest antimicrobial activity
at 2% concentration with a diameter of
inhibition zone (22 and 15) mm against
P.aeruginosa (B) and E.feacalis (A)
respectively. The optimum concentration of
beef extract for producing bacteriocin from L.
helveticus DF was 2%.
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Figure (4) Effect of beef extract on the production of

bacteriocin produced by L. helveticus DF

As shown in Figure (5), bacteriocin
production from L. helveticus DF was tested
with different concentrations of yeast extract,
and a pronounced increase in the antimicrobial
activity of bacteriocin and bacterial growth in
the media supplemented with different
concentrations of yeast extract was observed in
comparison with the medium without the
addition of yeast extract. An increase in
antimicrobial activity to (26 &16.5) mm
against P.aeruginosa (B) and E. Feacalis (A)
respectively at 2% concentration. The optimum
concentration of yeast extract for producing
bacteriocin from L. helveticus DF was 2%.
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Figure (5): Effect of yeast extract on the
production of bacteriocin produced by L.

helveticus DF
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Bacteriocin production was affected by the
addition of different concentrations of
K2HPO4 or KH2PO4. As shown in figure (6),
the addition of K2HPO4 in different
concentrations to the medium due to an
increase  the  antimicrobial activity of
bacteriocin to (22 & 15) mm against
P.aeruginosa (B) and E. feacalis (A)
respectively at 0.25 concentration. K2HPO4
contains a phosphorus source which is very
important for cell growth and thus bacteriocin
production.
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Figure (6) Effect of K2ZHPO4 on production
of bacteriocin produced by L. helveticus DF

The highest antimicrobial activity was (26 and
17) mm against P.aeruginosa (B) and E.
Feacalis (A) respectively at 2% glucose
concentration whereas maltose, mannitol and
fructose did not affect the production of
bacteriocin from producer isolate. At a 2%
concentration of mannose, the diameter of the
inhibition zone was (23and 15) against the
same indicator above.
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Figure (7) Effect of different carbon sources
on production of of bacteriocin produced by
L. helveticus DF.

The maximum production of bacteriocin
and bacterial growth of L. helveticus DF was

found at pH values 55 and 6 with high
antagonistic activity against more sensitive
bacterial isolate (E. Feacalis (A) and
P.aeruginosa (B). The diameters of inhibition
zones were (16&13) mm at pH 5.5 against
P.aeruginosa (B), and E. feacalis
(A)respectively, (19&14.6 ) mm at pH 6
against the same indicator bacteria above. At
alkaline pH L. helveticus DF showed a sharp
decline in the production of bacteriocin.
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Figure (8) Influence of different pH values

on bacteriocin production L. helveticus DF.

Bacteriocin production from L. helveticus
DF increase by inoculation of culture medium
with large numbers of bacterial cells, as shown
in figure (9) it was observed from this
experiment that optimum production when the
number of the bacterial cells was 1x 10° cell/ml
with diameter of inhibition zone ( 21&15)
mm against P.aeruginosa (B)& E. Feacalis (A)
respectively.

The low number of bacterial cells recorded
a reduction in bacteriocin production with a
diameter of inhibition zone (12& 8) mm
against the same indicator bacteria above at 1x
10° cell/ml. The results demonstrate a strong
relationship of inoculum size with the
production of bacteriocin, inoculum size of 4%
of cells number 1x 10° cell/ml fostered the best
production of bacteriocin.
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Figure (9): Influence of the number of cells
(10* -10") cell/ml on bacteriocin production
L. helveticus DF

Figure (10) showed the impact of different
temperatures on the production of bacteriocin
by L. helveticus DF, the result showed from the
experiment that the highest production of
bacteriocin at 37 °C with a diameter of
inhibition zones (19&14) against P.aeruginosa
(B) and E. Feacalis (A) respectively. At 35°C,
showed a noticeable decrease in antimicrobial
activity giving a (15&11,) mm against E.
Feacalis (A) and P.aeruginosa (B)
respectively.

At 40 °C the diameter of inhibition zones
(14&10) mm against P.aeruginosa (B)and E.
feacalis (A) respectively, is evidence that L.
helveticus DF is capable of producing
bacteriocin at high temperatures. The lowest
production of bacteriocin was observed at 30
°C giving a (10.5&8) mm against the same
indicator bacteria above. A decrease in
temperature led to a decrease in the bacteriocin
antimicrobial activity of L. helveticus DF. The
optimum temperature for the growth and
bacteriocin production is 37 °C.

10 M E. Feacalis (A)

W p aeruginosa (B)

40°C 37°C  35°C 30°C

Temprature °C

Figure (10): Effect of different temperatures
on the production of bacteriocin from L.
helveticus DF

The evolution of the bacteriocin
production from this isolate was followed up at
different incubation periods, as shown in
Figure (10) it was observed that optimum
production at the end of 48 hours with a
diameter of inhibition zone range between
(18&12) mm against p.aeruginosa (B) and E.
Feacalis (A) respectively, while no inhibition

zones were recorded at 18h. At 24h diameter of
the inhibition zone ranged between (11&9) mm
against P.aeruginosa (B) and E. feacalis
(A)respectively, and at 72h a noticeable
decrease in antimicrobial activity giving
(14.5&10) mm against the same indicator
bacteria above.
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Figure (12): Effect of the incubation period
(hours) on bacteriocin production from L.
helveticus DF.

The medium composed of 15 %
peptone + 2% yeast extract + 2% beef extract
+ 0.25% K2HPO4, 0.75% tween 80, 2%
glucose, 2% mannose, prepared in this study
referred to as Modified MRS was used in all
subsequent experiments in this study. with pH
6, at 37°C incubation temperature for 48 hours
under anaerobic conditions and inoculum size
of 4% of cells number 1x 10° cell/ml fostered
the best production of bacteriocin by L.
helveticus DF.

Antibacterial activity of bacteriocin

After optimization and the use of Modified
MRS for the production of bacteriocin from
producer isolate, Bacteriocin activity was
increased to 80 and 160 AU\ML against E.
feacalis (A) and P.aeruginosa (B)

respectively, also the specific activity of
bacteriocin recoded 390.24 U/ mg.as in figure
(13).

Figure (13) Bacteriocin activity 160 AU/ML against
P.aeruginosa (B) Bacteriocin activity 80 AU/ML
against E. feacalis (A)
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Under optimized conditions, the probiotic
L.helveticus DF produced a higher amount of
bacteriocin that effectively inhibited the growth
of Gram-negative and Gram-positive bacteria.
The production of bacteriocin in MRS due to
the presence of Tween 80, dipotassium
phosphate and the mixture of different carbon
and nitrogen sources that induce Lactobacillus
for the production of bacteriocin,Simliar result
was observed by [13,14] who found that MRS
broth gave the highest bacteriocin production by
Lactobacillus. Tween 80 had positive effects on
the production of bacteriocin, which is consider
as an emulsifier that possibly decreases the
surface tension of cell membranes. Therefore,
some of the metabolites, such as bacteriocins,
can be released more smoothly in vitro [15].
The observation from this experiment was
that yeast extract resulted in a significant
increase in bacteriocin production, due to it
providing a larger proportion of free amino acid
and more growth factors than other protein
hydrolysates [16]. The result of this study was
in agreement with [17], which found from their
studies that yeast extract has great impact on the
production of bacteriocin from L.curvatus.
Lactobacillus strains are nutritionally fastidious
bacteria their growth and bacteriocin production
are influenced by organic nitrogen sources.
However, any additional increase in the
concentration of nitrogen sources resulted in
significant changes in their growth and
bacteriocin production [18]. Sometimes, the
type of nitrogen source does not affect the
bacteriocin production as shown by the study
[19]. K2HPO4 contains a phosphorus source
which is very important for cell growth and thus
bacteriocin production. Similar results have
been recorded by [20]. The observation from
this experiment indicated that the production of
bacteriocin from producer isolate was affected
by the type of carbon source and the best carbon
source was glucose and mannose. Glucose is
considered the main carbon source by all
microorganisms due to its molecular weight,

1.

2.

rapid uptake, utilization and cellular energy
conversion.

Also, growth culture condition has a great
impact on bacteriocin production, Similar
observations were made by [21] who reported
that bacteriocin produced by L. helveticus had
maximum activity at acidic pH. The pH of the
medium appears to be an important factor that
affects  bacteriocin  production  possibly
indicating that it has a regulatory effect driven
by the ionic conditions of the medium or that it
may have a general effect on the cell envelope
[22].

Number of the bacterial cells plays an
important role in bacteriocin production where
the optimum inoculate size is favorable for the
highest productivity. The optimal size of
inoculate may vary from strain producers due to
their cell proliferation rate, ability to metabolize
medium, medium size and nutrient composition
[15]. The optimum temperature for the growth
and bacteriocin production is 37 °C. A similar
result was observed by [23]

Conclusion

In the present study, there is a clear
correlation between bacteriocin production and
L. helveticus DF inoculum size. Variation in
bacteriocin production due to indicator strain.
Optimization of bacteriocin production by
modification of medium composition and
culture  conditions will greatly benefit
commercial and clinical applications for
subsequent steps in this study.
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