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Introduction
Lactic acid bacteria (LAB) are Gram-positive microorganisms, non-

sporulating and acid-tolerant; many species of these are recognized as 
safe (GRAS) and for this reason they are the subject of many studies [1].

The LAB is able to produce protein substances, indicated as 
bacteriocins, which have antimicrobial activity against other closely 
related species [2]. They are heterogeneous compounds which are 
ribosomal synthetized, with different chemical properties, molecular 
weights, spectrums of activity and modes of action [3] and, according 
to their characteristics; they are categorized into three groups: class 
I- lantibiotics; class II- heat stable unmodified bacteriocins; class III- 
larger heat labile bacteriocins [4].

The use of bacteriocins from LAB may offer a promising solution, 
as nisin today is already used as a natural food preservative, in the 
future other similar substances may be used with the same purpose [5 
6] replacing in whole or in part chemical preservatives. Other future
perspectives might be the use of these peptides in the therapeutic
field, and many studies have been done [7], but no bacteriocin has a
clinical application or is used for the control of food borne pathogens
in livestock [8].

Several studies have demonstrated that LAB and their bacteriocins 
can be used for the control of Listeria monocytogenes and other food 
pathogens [9,10]. During recent years there has been more attention 
on the potential applications of bacteriocins in the protection of human 
health [11,12] in food preservation [13] and agriculture [14].

The production of bacteriocins is influenced by various 
environmental factors such as temperature, pH and nutrient sources 
[15,16]. With regard to nutrient sources, many studies have focused 
on different substances that increase the production of bacteriocins or 
the growth of microorganisms [14,16,17]. In this preliminary study, we 
focused our attention on how the nutritional resources can affect the 
production of bacteriocins. Several substances such as vitamins, salts, 
protein extracts and detergent substances were added to a base medium 

at three levels of concentration; at first these substances were added 
individually, as additional nutrients, and then were combined together, 
to assess the effects on growth and the production of bacteriocins 
(enterocin 416K1 and nisin A) by Enterococcus casseliflavus 416 K1 and 
Lactococcus lactis ATCC 11454. The main aim was to determine the best 
conditions for the development and for the production of bacteriocins 
by Enterococcus casseliflavus 416 K1 and Lactococcus lactis ATCC 11454 
by changing the conditions of the growth substrate. At the same time 
we wanted to discover if there were differences in terms of development 
and production of bacteriocins due to the addition of these substances 
to the basic medium for the two microorganisms tested.

Materials and Methods
Bacterial strains, conditions of growth and culture media

The bacterial strains used in this study were Enterococcus 
casseliflavus 416 K1, producer of enterocin 416K1 - a bacteriocin with a 
high degree of anti-listeria activity, characterized in another work [18], 
and Lactococcus lactis ATCC 11454, known as producer of nisin A, the 
only bacteriocin currently employed as a food preservative.

The initial conditions of the media used as a basic control for the 
growth of two bacteria and of their production of bacteriocin, were 
represented by Triptyc Soy broth (TSB, Oxoid, Italy) for Enterococcus 
casseliflavus 416 K1 and M17 broth (Biomerieux, Italy) for Lactococcus 
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lactis ATCC 11454 and by incubation respectively at 37°C and 30 °C 
for 24-48 h.

The evaluation of the production bacteriocins by E. casseliflavus 
and L. lactis was made using agar well diffusion method as described 
below. 

Bacteriocin activity

The culture of E. casseliflavus 416K1 grown in TSB and of L. lactis 
ATCC 11454 grown in M17 broth, incubated under the set conditions, 
were centrifuged (10,000g for 10 min. at 4°C) and dialyzed against 30 
mmol L-1 sodium acetate buffer (pH 5.3), filter sterilized (0.45 μm-
pore-size filter; Millipore Corp., Bedfort, Mass.) to obtain the cell-free 
supernatant (CFSF) that were adjusted at pH 6 with sterile 1 M NaOH 
and used as crude bacteriocins in the assay.

The activity of crude bacteriocins was tested by agar well diffusion 
assay, dispensing 100 ml of both CFSFs into 8 mm diameter wells made 
in Triptych Soy Agar (TSA, Oxoid, Italy). After diffusion of the crude 
bacteriocins, plates were covered with 5 ml of soft agar containing 107 
cfu/ml of overnight cultures of L. monocytogenes NCTC 10888, used as 
indicator, and incubated at 30° C for 24 h. The antimicrobial activity 
was shown by a clear zone of inhibition around the wells.

Bacteriocin production under different conditions of growth

Substances added individually: Five vitamins (B1, B2, B9, B3, C), 
Tween 80, four protein extracts (pepton, trypton, meat extract, yeast 
extract) and four different salts (sodium pyruvate, tetrazolium salts, 
ammonium sulphate, sodium sulphate), at three concentrations (0.1, 1 
and 10, g/l), were added singly to basic growth media, TSB and M17, for 
Enterococcus casseliflavus 416 K1 and Lactococcus lactis ATCC 11454 
respectively, incubated at 37°C and 30°C for 24-48 h, to evaluate the 

effects on the growth of the microorganisms and on their bacteriocin 
production.

The protein substances and different salts are commonly present 
in the growth media for enterococci and lactobacilli. Sodium pyruvate 
- the salt of pyruvic acid, was studied in particular as an exogenous 
factor in the production of bacteriocins [19]. We chose 4 of the 
principal protein extracts and 4 salts other than those present in the 
growth media, including sodium pyruvate, to evaluate their influence 
on growth and production of bacteriocins of the strains studied. The 
vitamins are essential for human, plant and bacteria, and the latter are 
often capable of synthetizing these substances [20,21].

Vitamins of B group in particular, are known as essentials, and a 
different study focused on their role in the development of a variety of 
bacteria [22,23]. Vitamin C is a strongly antioxidant agent but little is 
known about its influence on bacteria [24]. For these reasons we chose 
vitamin C and four B group vitamins to evaluate their influence on the 
production of bacteriocins by two LABs.

The production of bacteriocin was evaluated by agar well diffusion 
assay, before measuring the pH and then taking it back to normality. 

Substances added in pairs: Afterwards, the substances which 
were singularly capable of increasing the production of bacteriocins, 
evaluated by the major peaks (MP), (Figures 2 and 3) were associated 
(MP x MP) to evaluate the effect of the combinations on bacteriocin 
production.  48 different combinations of substances were obtained and 
added to TSB for E. casseliflavus 416 K1 (Table 1) and 5 in M17 for L. 
lactis ATCC 11454 (Table 2).

Effect of medium composition on bacterial growth

The effects of the medium composition on bacterial growth were 
investigated by seeding of the serial dilutions of over-night broth-
cultures supplemented with singular substances, at three concentrations 

Substance combined (g/l)  Designation associations Substance combined (g/l)  Designation associations
Vit B1  - (0.1)  Vit B2 - (0.1)  = Ass. 1 Vit B2 - (0.1)  Vit B9 - (1) = Ass. 25
Vit B1  - (0.1)  Vit B9 - (0.1)  = Ass. 2 Vit B2 - (0.1)  Vit B3 - (0.1)  = Ass. 26
Vit B1  - (0.1)  Vit B9 - (1) = Ass. 3 Vit B2 - (0.1)  Vit B3 - (1) = Ass. 27
Vit B1 - (0.1)  Vit B3 - (0.1)  = Ass. 4 Vit B2 - (0.1)  Tw 80 - (0.1)  = Ass. 28
Vit B1 - (0.1)  Vit B3 - (1) = Ass. 5 Vit B2 - (0.1)  Na P - (0.1)  = Ass. 29
Vit B1 - (0.1)  Tw 80 - (0.1)  = Ass. 6 Vit B2 - (0.1)  Na P - (1) = Ass. 30
Vit B1 - (0.1)  Na P - (0.1)  = Ass. 7 Vit B9 - (0.1)  Vit B3 - (0.1)  = Ass. 31
Vit B1 - (0.1)  Na P - (1) = Ass. 8 Vit B9 - (0.1)  Vit B3 - (1) = Ass. 32
Vit B1 - (1) Vit B2 - (0.1)  = Ass. 9 Vit B9 - (0.1)  Tw 80 - (0.1)  = Ass. 33
Vit B1 - (1) Vit B9 - (0.1)  = Ass. 10 Vit B9 - (0.1)  Na P - (0.1)  = Ass. 34
Vit B1 - (1) Vit B3 - (0.1)  = Ass. 11 Vit B9 - (0.1)  Na P - (1) = Ass. 35
Vit B1 - (1) Vit B3 - (1) = Ass. 12 Vit B9 - (1) Vit B3 - (0.1)  = Ass. 36
Vit B1 - (1) Tw 80 - (0.1)  = Ass. 13 Vit B9 - (1) Vit B3 - (1) = Ass. 37
Vit B1 - (1) Na P - (0.1)  = Ass. 14 Vit B9 - (1) Tw 80 - (0.1)  = Ass. 38
Vit B1 - (1) Na P - (1) = Ass. 15 Vit B9 - (1) Na P - (0.1)  = Ass. 39

Vit B1 - (10) Vit B2 - (0.1)  = Ass. 16 Vit B9 - (1) Na P - (1) = Ass. 40
Vit B1 - (10) Vit B9 - (0.1)  = Ass. 17 Vit B3 - (0.1)  Tw 80 - (0.1)  = Ass. 41
Vit B1 - (10) Vit B9 - (1) = Ass. 18 Vit B3 - (0.1)  Na P - (0.1)  = Ass. 42
Vit B1 - (10) Vit B3 - (0.1)  = Ass. 19 Vit B3 - (0.1)  Na P - (1) = Ass. 43
Vit B1 - (10) Vit B3 - (1) = Ass. 20 Vit B3 - (1) Tw 80 - (0.1)  = Ass. 44
Vit B1 - (10) Tw 80 - (0.1)  = Ass. 21 Vit B3 - (1) Na P - (0.1)  = Ass. 45
Vit B1 - (10) Na P - (0.1)  = Ass. 22 Vit B3 - (1) Na P - (1) = Ass. 46
Vit B1 - (10) Na P - (1) = Ass. 23 Tw 80 - (0.1)  Na P - (0.1)  = Ass. 47
Vit B2 - (0.1)  Vit B9 - (0.1)  = Ass. 24 Tw 80 - (0.1)  Na P - (1) = Ass. 48

Vit B1, Vit B2, Vit B3, Vit B9: vitamins B1, B2, B3 and B9. Tw 80: Tween 80  
Table 1: Associations (MP x MP) for enterocin 416 K1.
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tested, using TSA for Enterococcus casseliflavus 416 K1 and M17 agar 
for Lactococcus lactis ATCC 11454, to count the cfu/ml related to the 
control.  

To evaluate the production of bacteriocins and the bacterial 
growth, a negative control was assessed, represented by the bacterial 
growth in only the basic medium. All the experiments were performed 
in triplicate and the results are the mean of all the observations.

Results
Bacteriocin activity

The bacteriocin activity from Enterococcus casseliflavus 416 K1 
and Lactococcus lactis ATCC11454 was detected by agar well diffusion 
assay, using Listeria monocytogenes NCTC 10888 as the indicator strain 
(Figure 1). 

Bacteriocin production under different conditions of growth
Substances added individually: The halo sizes produced from 

bacteriocin activity, obtained by addition of the individual 14 different 
substances at three concentrations to the basic medium, are reported 
in (Figures 2 and 3), referring to the production of bacteriocins by E. 
casseliflavus and L. lactis respectively.  For E. casseliflavus 416 K1 an 
increase in bacteriocin production was observed in 11 cases in the 
presence of vitamin B1 (0.1, 1 and 10, g/l); vitamin B2 (0.1 g/l); vitamin 
B3 (0.1 and 1, g/l); vitamin B9 (0.1 and 1, g/l); sodium pyruvate (0.1 
and 1, g/l) and Tween 80 (0.1 g/l). In particular we showed that all 
substances tested had an inhibitory effect at the higher concentrations, 
with the exception of vitamin B1. 

For L. lactis all substances added reduced the production of 
bacteriocin and an increase was observed in only 4 cases (in the presence 
of high concentrations of yeast extract, 10 g/l; sodium pyruvate, 1 and 
10, g/l; ammonium sulphate, 10 g/l). 

Tween 80 at the highest concentration only reached the value of the 
control, whilst for the others, inhibitory effects were noted. This result 
in particular is in disagreement with previously published reports on 
enhanced activity of nisin A in the presence of Tween 80 [25].

Substances added in pairs: With regard to enterocin 416 K1, 
the combination of substances (MP x MP), generated 48 different 
associations (Ass.1 to Ass.48). In 37 cases (77%), there was evidence of 
a marked increase in activity, and then of synergic effects, in particular 
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Yeast . - (10) Na P - (1) = Ass. 41 a
Yeast . - (10) Na P - (10) = Ass. 42 a
Yeast . - (10) Amm S - (10) = Ass. 43 a

Na P - (1) Amm S - (10) = Ass. 44 a
Amm S - (10) Na P - (10) = Ass. 45 a

Na P: sodium pyruvate; Na S: sodium sulphate; Amm S: ammonium sulphate
 Table 2: Associations (MP x MP) for nisin A.

 
Figure 1: Agar well diffusion assay for detection of bacteriocin activity.
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Figure 3: Production of nisin A under different conditions of growth.
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Figure 4: MP x MP and production of enterocin 416 K1, from Ass. 1 to Ass 24.
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in 15 cases this rise has shown to be more than twice that of the control 
value. In 5 cases, instead, in the presence of Ass.1 (vit. B1-0.1 + vit. 
B2-0.1), Ass.6 (vit. B1-0.1 + Tw 80-0.1%), Ass.18 (vit B1-10 + vit B9-1), 
Ass.36 (vit B9-1 + vit B3-0.1), Ass.37 (vit. B9-1+ vit B3-1), there was a 
decrease in the production of bacteriocin, revealing antagonistic effects 
(Figures 4 and 5).  

With regard to nisin A, the substances that were capable singularly 
of increasing its production when associated with each other generated 
only 5 associations (Ass.1a to 5a), all with antagonistic effects, with 
the exception of Ass. 5a (Amm S-10 + Na P-10) in which there was 
no difference compared to the control (Figure 6). These data show a 
different behavior of the two LABS used in this study, when the same 
substances in equal concentrations were added to the basic growth 
media.  

Effect of medium composition on bacterial growth: To determine 
the possible relationship between total bacterial count and bacteriocin 
production, cultures of both producers, grown in the different 
nutritional conditions, were seeded on the solid media previously 
described and the bacterial count was determined.

With regard to E. casseliflavus 416 K1 all the substances added at 
the three concentrations gave positive values of bacterial growth very 
similar to the control (data not shown). In particular, the protein 
extracts, at the maximum concentration (10 g/l), resulted in an 
increase of about 1 log, except for the meat extract, when an increase 
was observed at the concentration of 1 g/l. In contrast, vitamins and 

salts tested at the higher concentration (10 g/l), caused a reduction of 
microbial growth compared to the control.

With regard to L. lactis ATCC 11454, an increase in the bacterial 
count was evident only in the presence of the two salts, sodium 
pyruvate and ammonium sulfate both at 10 g/l, (data not shown), while 
all the other substances tested showed a negative effect compared to the 
control.  In particular, vitamin B3 showed a clear inhibitory effect on 
the growth of L. lactis: reducing the viable count of 5 log if added at 10 
g/l, and of 3 log if added at 1 g/l.

In this preliminary paper, our aim was to assess how some 
substances, including 5 different vitamins, at the concentrations tested, 
were capable of producing an increase in the bacteriocin activity of E. 
casseliflavus 416 K1 and L. lactis ATCC11454. 

Discussion
The study was divided into two distinct phases. In the first, the 

substances were individually added as additional nutrients in order to 
evaluate the effects on the production of bacteriocins. In the second 
part, individual substances were combined with each other to highlight 
the presence of a possible synergism or antagonism.  

The first consideration which emerged in this study was the different 
behavior observed for the two microorganisms tested. With regard to 
E. casseliflavus 416 K1, the addition of the individual substances to the 
basic culture medium produced an increase in growth and bacteriocin 
activity in many cases. In particular for the tetrazolium salts, sodium 
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Figure 5: MP x MP and production of enterocin 416 K1, from Ass. 25 to Ass 48.
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Figure 6: MP x MP and production of nisin A, from Ass. 1a to Ass. 5a.

sulfate and vitamins B2, B3, B9, C, the higher the concentration added 
to the medium, the lower the beneficial effects of these substances on 
growth and bacteriocin production of Enterococcus casseliflavus 416 K1. 
This behavior was also shown by Ansari et al. (2012) [26] with the use 
of NaCl. An exception was observed for vitamin B1 which produced 
an increase in bacteriocins when present at the highest concentration.

L. lactis ATCC 11454 showed different behavior, because its 
bacteriocin production seemed to be strongly inhibited by the 
individual substances added; this microorganism is probably negatively 
conditioned by changes in the culture medium. However there were few 
exceptions, in fact, some substances were able to promote an increase 
in the bacteriocin activity of L.lactis, in particular the yeast extract and 
the ammonium sulfate, both at a concentration of 10 g/l and the sodium 
pyruvate at concentrations of 1 and 10 g/l. 

In the second phase of our study, various combinations of substances 
were added to the basic medium. These associations were made by 
combining together the substances that, in the first phase, were capable 
of increasing the production of bacteriocins when added singularly.

With regard to E. casseliflavus 416 K1, different results were 
observed depending on the concentrations of the associated substances.

-Vitamin B1-vitamin B2: if added singularly caused a considerable 
increase in the production of enterocin 416 K1. In combination, instead, 
they produced antagonism when present at high concentrations.

-Vitamin B1-vitamin B9: a synergistic effect occurred when vit. B9 
was present in very low quantities (0.1 g/l) but only if vitamin B1 was 
in surplus (Ass 10 and Ass 17); in other cases, no difference was seen 
compared to the control or antagonistic effects noted.

-Vitamin B3-vitamin B9: an interesting situation occurred even 
when these substances were associated. Singularly at the highest 
concentration tested, Vitamins B3 and B9 inhibited enterocin 416 K1 

production, while at low concentrations (1 and 0.1 g/l), they produced 
an increase in bacteriocin activity. Four associations were created by 
combining the concentrations which gave the highest peaks (Ass 31, 
Ass 32, Ass 36 and Ass 37). When vit B9 was present at the lowest 
concentration, amplification of bacteriocin production was observed 
(Ass 31, Ass 31) while when the vit B9 was present at 1 g/l, negative 
effects were observed. Synergic or antagonistic effects were observed 
when vit B3 and Vit B9 were associated, and positive or negative effects 
were attributable of the concentration of these vitamins.  

-Sodium pyruvate: this was the only substance that, singularly, 
increased the bacteriocin activity of both strains studied at the 
concentrations of 0.1 and 1 g/l, and 1 and 10 g/l, for Enterococcus 
casseliflavus 416 K1 and Lactococcus lactis ATCC 11454 respectively 
(Figures 2 and 3).   

With regard to L. lactis, all substances that individually increased 
bacteriocin activity when associated showed strong antagonism except 
for the Ass.45a (Amm S-10 + Na P-10) which gave results comparable 
to the control. In particular the sodium pyruvate (10 g/l) which, 
singularly, greatly increased the nisin A activity, if associated with 
yeast extract (10 g/l) produced antagonistic effects while if associated 
with ammonium sulphate (10 g/l), results which were only equal to the 
control were observed (Ass 45a).

Other authors have reported the influence of different substances 
on the production of bacteriocins, especially with regard to protein 
substances or different salts, but little is reported on the use of 
different vitamins [16,27,28]. In this study it was demonstrated that 
the concentration of some substances influences the production of 
bacteriocin. Vitamins used singularly in this study showed a positive 
influence only for enterocin 416 K1 if present at low concentrations, 
except vit. B1 (10 g/l) which increased production. 

Regarding nisin A, all vitamins tested showed a negative effect on 
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production. The only substance that gave beneficial effects for both 
bacteria was sodium pyruvate.

The production of bacterial substances, such as bacteriocins, which 
are attracting ever more interest for their potential use as natural 
preservatives in food or in clinical fields, can thus be increased by 
using additional nutrients. To obtain encouraging results, it becomes 
crucial to understand the effects that the nutrients can have on 
bacterial metabolism, in order to be able to use the individual nutrients 
or mixtures of these, using known quantities and in the correct 
combinations. This is a preliminary study and thus not exhaustive 
and  leaves many questions open, even if in the few studies reported in 
the literature related to this topic, all the mechanisms that lead to the 
production and release of bacteriocins by bacteria have not yet been 
clarified.  

Finally, with regard to the influence on bacterial growth (data not 
shown), it was observed that the addition of most of the substances 
caused, also in this case, two different behaviors in the two producer 
strains. With regard to Enterococcus casseliflavus 416 K1, the addition 
of different substances produced positive effects, except for the vitamins 
and salts tested, which caused a reduction in microbial growth if presents 
at higher concentrations (10 g/l). Lower concentrations, except for vit 
B1, caused increases in Enterococcus casseliflavus 416 K1 growth, and 
consecutively an increase in production of bacteriocins was observed.

With regard to L. lactis ATCC11454, in general all substances 
added produced negative effects on growth, only ammonium sulphate 
and sodium pyruvate, added to the basic medium at the highest 
concentrations, slightly increased L. lactis growth. 

The importance of the nutrients and of their concentration were 
the optimum production of bacteriocin from Bacillus subtilis KIBGE 
IB-17 there was at low concentration of NaCl, trypton and yeast extract. 
Other authors have studied this aspect [26], Qiuju et al. [16] reported 
that increasing the concentration of Tween 20 decrease the bacteriocin 
activity of different LABs isolated from gut of poultry. Verluyten et al. 
[29] studied the effect of the depletion of the individual components 
of the MRS had on the production of curvacin by Lactobacillus 
curvatus LTH 1174. In this work, differently, we have studied the 
effects that some substances added as supplement nutrient may have 
on the growth and bacteriocin production of two LAB. In conclusion 
different considerations are possible: Enterococcus casseliflavus 416 
and Lactococcus lactis ATCC K1 have a different behavior by adding 
the same substances at a basic medium, with beneficial effects for the 
first strain, if the concentration is low, and negative for the second 
that not tolerates changes in its growth medium. The other important 
consideration that emerges from this study is that the concentration 
of supplement substances strongly influences the production of 
bacteriocins and these data highlight the importance to fine tune the 
nutrients and micronutrients for a greater production of bacteriocin.
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