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  ABSTRACT

  Bovine Enterococcus mundtii CRL1656 (Centro de 
Referencia para Lactobacilos Culture Collection) pro-
duces an anti-Listeria and anti-Streptococcus dysgalac-
tiae bacteriocin identified as mundticin CRL1656. The 
strain and its bacteriocin are candidates to be included 
in a beneficial product to prevent bovine mastitis as 
an alternative to antimicrobial agents. To optimize the 
production of biomass and mundticin CRL1656 by E. 
mundtii CRL1656, a complete 3 × 24 factorial design 
was applied. The effect of culture medium, initial pH, 
inoculum size, incubation temperature, and agitation 
conditions on biomass and bacteriocin production was 
evaluated simultaneously. Growth parameters were 
determined using the modified Gompertz model. A 
nonlinear model was used to estimate the effects of the 
variables on growth parameters. Bacteriocin produc-
tion was analyzed using a linear mixed model. Optimal 
biomass and mundticin CRL1656 production by E. 
mundtii CRL1656 were obtained in different condi-
tions. Maximal growth was recorded in autolyzed yeast, 
peptone, tryptone, Tween 80, and glucose or M17 
broths, pH 6.5, 5.0% inoculum, 30°C, with agitation. 
However, bacteriocin titers were higher in autolyzed 
yeast, peptone, tryptone, Tween 80, and glucose or de 
Man-Rogosa-Sharpe (MRS) broths, pH 6.5, 30°C, both 
with or without agitation. Knowledge of the optimum 
conditions for growth and bacteriocin production of E. 
mundtii CRL1656 will allow the obtainment of high 
levels of biomass and mundticin CRL1656 as bioingre-
dients of potential products to prevent bovine mastitis. 
  Key words:    mundticin production ,  Enterococcus 
mundtii ,  bovine mastitis prevention ,  lactic acid bacte-
rium 

  INTRODUCTION 

  Bovine mastitis (i.e., the inflammation of the bovine 
mammary gland) produces a negative economic effect 
on dairy farms (Huijps et al., 2008). This disease is 
mainly caused by pathogenic or environmental bacte-
ria, such as Staphylococcus aureus, coagulase-negative 
Staphylococcus, Streptococcus agalactiae, Escherichia 
coli, and Streptococcus dysgalactiae, that cause infec-
tion once they pass through the teat canal (Sears and 
McCarthy, 2003; Barkema et al., 2009; Taponen and 
Pyörälä, 2009). During the dry period, animals are 
more susceptible to infections, and dry cow therapies 
are applied to treat or prevent new cases of mastitis. 
Antimicrobial agents are administered without taking 
into account the fact that the overuse of these drugs 
could result in a selective pressure for antimicrobial-
resistant organisms. Moreover, conventional antimi-
crobial therapy can also generate residues in the milk, 
which must then be discarded (Huijps et al., 2008). 

  Teat disinfection is an important strategy in mastitis 
control programs. Different substances, such as iodo-
phors, lactic acid, FA, and nisin, have been tested as 
teat sanitizers (Boddie and Nickerson, 1992; Sears et 
al., 1992; Boddie et al., 2004). Beneficial microorgan-
isms (Klostermann et al., 2008; Beecher et al., 2009; 
Frola et al., 2012) and bacteriocins from lactic acid 
bacteria (LAB), such as nisin (Sears et al., 1992; Cao 
et al., 2007), lacticin 3147 (Crispie et al., 2004; Klos-
termann et al., 2010) and macedocin ST91KM (Piet-
erse et al., 2008, 2010; Pieterse and Todorov, 2010), 
have been proposed as alternatives for the prevention 
or treatment of bovine mastitis. Products containing 
viable beneficial microorganisms, supplemented or not 
with bacteriocins, can be administered as intramam-
mary treatments (to prevent or treat infections) or as 
external teat treatments applied to the udder skin (to 
prevent infections). 

  Bacteriocin-producing Enterococcus mundtii
CRL1656 [from the Centro de Referencia para Lac-
tobacilos (CERELA) Culture Collection, Tucumán, 
Argentina], an autochthonous strain isolated from bo-
vine udder, was previously characterized and selected 
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as a beneficial microorganism (Espeche et al., 2009). 
This strain produces mundticin CRL1656, a type II 
bacteriocin active against a bovine mastitis pathogen 
(Strep. dysgalactiae) and a food-borne pathogen (Lis-
teria monocytogenes Scott A). Both autochthonous 
E. mundtii CRL1656 and its bacteriocin are potential 
candidates to be included in the design of veterinary 
products for mastitis prevention.

Physicochemical factors, such as pH, temperature, 
culture medium composition, and agitation conditions, 
influence biomass and bacteriocin production by dif-
ferent LAB strains (Nel et al., 2001; Juarez Tomás et 
al., 2002; Van den Berghe et al., 2006). Several au-
thors have indicated that optimal culture conditions 
are strain dependent and should be adjusted for each 
microorganism (Mataragas et al., 2003; De Vuyst and 
Leroy, 2007; Settanni et al., 2008).

Some bacteriocin-producing E. mundtii strains isolat-
ed mainly from vegetables matrices have been described 
and proposed for the biopreservation of plant-related 
foods (Granger et al., 2005; Zendo et al., 2005; Settanni 
et al., 2008). Enterococcus mundtii CRL35, a strain 
isolated from an artisanal cheese, produces enterocin 
CRL35, which exerts an inhibitory effect on the growth 
of spoilage and pathogenic microorganisms (Salvucci 
et al., 2012; Vera Pingitore et al., 2012). The effect 
of different environmental factors on the production of 
bacteriocins synthesized by some E. mundtii strains has 
already been studied (De Kwaadsteniet et al., 2005; 
Zendo et al., 2005; Settanni et al., 2008; Todorov and 
Dicks, 2009). However, bacteriocin and biomass produc-
tion by a bovine E. mundtii strain, which is proposed 
as a potential probiotic for mastitis prevention in this 
work, has not been reported to date. The aim of the 
current study was to determine the combined effects of 
culture medium, initial pH, inoculum size, incubation 
temperature, and agitation conditions on biomass and 
bacteriocin production by bovine E. mundtii CRL1656, 
applied using a complete 3 × 24 factorial design.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions

Enterococcus mundtii CRL1656 was previously iso-
lated from a healthy dairy cow and deposited in the 
CERELA Culture Collection (Espeche et al., 2009). 
Listeria innocua 7 (provided by the Unité de Recher-
ches Laitiéres et Génetique Appliqueé, INRA, France) 
was used as an indicator strain and cultured in auto-
lyzed yeast, peptone, tryptone, Tween 80, and glucose 
(LAPTg; Raibaud et al., 1961) at 30°C. Stock cultures 
were maintained in milk-yeast extract at −70°C. In-

dividual components for LAPTg were obtained from 
Britania Laboratories (Buenos Aires, Argentina).

Inoculum Preparation and Growth Experiments

Enterococcus mundtii CRL1656 was subcultured 3 
times in LAPTg broth at 37°C. The active culture was 
centrifuged for 7 min at 10,000 × g at room tempera-
ture. The supernatant was discarded and the bacterial 
pellet was washed twice with sterile saline solution 
[0.85% (wt/vol) NaCl]. Optical density at 540 nm 
(OD540) was adjusted in sterile saline solution to 0.7 
(approximately 109 cfu/mL) and this suspension was 
used as the inoculum for different culture conditions.

The initial pH of LAPTg, de Man-Rogosa-Sharpe 
(MRS) broth (de Man et al., 1960; Merck, Darmstadt, 
Germany), or M17 (Terzaghi and Sandine, 1975) broth 
(Biokar Diagnostics, Beauvais, France) was adjusted to 
5.0 or 6.5 with 2 M HCl or 2 M NaOH before steriliza-
tion. Enterococcus mundtii CRL1656 was inoculated 
[2.5 (vol/vol) or 5.0% (vol/vol)] into tubes containing 
4 mL of each culture medium. Then, aliquots for each 
of the conditions to be assayed were distributed into 
sterile tubes corresponding to each sampling time and 
incubated at a constant temperature of 30 or 37°C, with 
(50 oscillations/min; incubator Dubnoff Model; Vicking 
S.R.L., Buenos Aires, Argentina) or without agitation 
(0 oscillations/min) as appropriate.

The responses evaluated were OD540 (as a measure of 
bacterial growth) and bacteriocin titer. Samples were 
taken after 0, 3, 6, 9, 12, and 24 h from each culture 
condition and OD540 was recorded with a microplate 
reader (VersaMax, Molecular Devices LLC, Sunnyvale, 
CA,). Samples were centrifuged for 7 min at 10,000 × g 
at room temperature and supernatants were neutralized 
with sterile 2 M NaOH. Bacteriocin titers were deter-
mined by the well diffusion assay with L. innocua 7 as 
indicator strain and expressed in arbitrary units (AU)/
mL. The relative amount of bacteriocin produced per 
unit of biomass [calculated as (AU/mL)/OD540] was es-
timated for each culture condition for each time point.

Experimental Design and Statistical Analysis

A total of 48 different conditions were studied by ap-
plying a 3 × 24 full factorial design. The factors evalu-
ated were culture medium (LAPTg, M17, and MRS), 
initial pH (5.0 and 6.5), inoculum size (2.5 and 5.0%), 
incubation temperature (30 and 37°C), and agitation 
level (0 and 50 oscillations/min). The complete ex-
perimental design was repeated twice on different days. 
The randomization was performed for each experimen-
tal day.



Journal of Dairy Science Vol. 97 No. 2, 2014

BACTERIOCIN PRODUCTION BY ENTEROCOCCUS MUNDTII 791

To estimate bacterial growth parameters, the modi-
fied Gompertz model with 4 parameters was applied 
(Zwietering et al., 1990) according to 

ODt = N0 + Aexp{−exp[(μe/A)(λ − t) + 1]},

where ODt = OD at time t; N0 = initial value of OD; 
A = increase of OD between maximal OD and N0; μ 
= growth rate expressed in h−1; λ = length of the lag 
phase in hours; t = time expressed in hours; and e = 
base of neperian logarithm (2.718281828).

Growth parameters were calculated using the con-
strained nonlinear regression with sequential quadratic 
programming method (Zwietering et al., 1990; Juarez 
Tomás et al., 2002). Standard errors were determined 
by the bootstrapping technique (SPSS Software 15.0, 
IBM, Armonk, NY). Estimations of the effects of culture 
medium, initial pH, inoculum size, incubation tempera-
ture, and level of agitation on growth parameters were 
performed using a nonlinear mixed model (Lindstrom 
and Bates, 1990; S-Plus 7.2, TIBCO Software Inc., Palo 
Alto, CA).

To evaluate the effects of the different factors assayed 
on bacteriocin production, a linear mixed model was 
applied using the restricted maximum likelihood. The 

degrees of freedom were estimated using the Satterth-
waite method (SAS Software 9.2, SAS Institute Inc., 
Cary, NC). A nonlinear model was used to study the 
effect of culture media, inoculum size, pH, incubation 
temperature, and level of agitation on the (AU/mL)/
OD540 values.

RESULTS

Effects of Physicochemical Factors  
on Lag Phase Length

Culture medium, initial pH, inoculum size, and incu-
bation temperature exerted a significant effect on the 
duration of the lag phase (Tables 1 and 2). This phase 
was shorter in LAPTg than in M17 (P = 0.001) or 
MRS (P = 0.013). Initial pH 5.0 produced lag phases 
longer than initial pH 6.5 (P = 0.0002). Incubation at 
37°C and 5.0% inoculum originated lag phases shorter 
than at 30°C (P < 0.0001) and 2.5% (P < 0.0001), 
respectively. The shortest lag phase lengths were regis-
tered in LAPTg and M17, pH 6.5, with 5% inoculum, 
at 37°C, and with agitation (Table 2).

The longest lag phase (35.18 h,) was estimated us-
ing the Gompertz model in MRS, pH 5.0, with 2.5% 
inoculum at 37°C under agitated conditions (assay 18, 

Table 1. Estimation of the growth parameters of Enterococcus mundtii CRL1656 (at 2.5% inoculum) using the modified Gompertz model 

Assay  
number

Temperature  
(°C) pH

Agitation 
(oscillations/min)

Culture  
medium N0

1 A1 μ1 (h−1) λ1 (h)

1 30 5.0 0 LAPTg2 0.000 ± 0.100 0.570 ± 0.106 0.049 ± 0.017 0.558 ± 0.636
2 30 5.0 0 M173 0.002 ± 0.050 0.486 ± 0.321 0.036 ± 0.008 1.602 ± 1.748
3 30 5.0 0 MRS4 0.029 ± 0.011 0.149 ± 0.009 0.221 ± 0.022 11.851 ± 0.033
4 30 5.0 50 LAPTg 0.025 ± 0.106 0.582 ± 0.719 0.056 ± 0.043 1.965 ± 3.076
5 30 5.0 50 M17 0.011 ± 0.050 0.867 ± 0.321 0.062 ± 0.031 3.345 ± 1.920
6 30 5.0 50 MRS 0.000 ± 0.013 0.634 ± 0.570 0.012 ± 0.037 7.973 ± 3.365
7 30 6.5 0 LAPTg 0.030 ± 0.170 0.698 ± 0.181 0.188 ± 0.517 1.764 ± 1.319
8 30 6.5 0 M17 0.018 ± 0.095 0.639 ± 0.219 0.078 ± 0.030 1.298 ± 1.254
9 30 6.5 0 MRS 0.016 ± 0.182 0.773 ± 0.180 0.103 ± 0.046 1.765 ± 1.445
105 30 6.5 50 LAPTg 0.013 ± 0.229 0.870 ± 0.229 0.117 ± 0.238 0.962 ± 2.354
11 30 6.5 50 M17 0.065 ± 0.181 0.900 ± 0.494 0.145 ± 0.098 4.054 ± 2.126
12 30 6.5 50 MRS 0.021 ± 0.105 0.823 ± 0.105 0.134 ± 0.023 2.394 ± 1.229
13 37 5.0 0 LAPTg 0.025 ± 0.088 0.416 ± 0.100 0.158 ± 0.432 2.048 ± 1.690
14 37 5.0 0 M17 0.009 ± 0.087 0.395 ± 0.090 0.048 ± 0.020 0.773 ± 1.467
15 37 5.0 0 MRS 0.036 ± 0.032 0.122 ± 0.894 0.015 ± 0.021 9.607 ± 6.960
16 37 5.0 50 LAPTg 0.021 ± 0.081 0.580 ± 0.083 0.114 ± 0.085 1.900 ± 0.805
17 37 5.0 50 M17 0.000 ± 0.108 0.631 ± 0.256 0.057 ± 0.044 0.876 ± 2.954
18 37 5.0 50 MRS 0.000 ± 0.021 2.889 ± 12.336 0.014 ± 0.134 35.175 ± 13.770
19 37 6.5 0 LAPTg 0.035 ± 0.150 0.573 ± 0.150 0.488 ± 2.157 1.817 ± 0.340
20 37 6.5 0 M17 0.032 ± 0.189 0.726 ± 0.200 0.202 ± 0.213 1.772 ± 2.107
21 37 6.5 0 MRS 0.017 ± 0.218 0.711 ± 0.220 0.196 ± 0.419 1.338 ± 1.579
22 37 6.5 50 LAPTg 0.000 ± 0.301 0.787 ± 0.302 0.189 ± 0.357 0.198 ± 2.400
23 37 6.5 50 M17 0.026 ± 0.233 0.889 ± 0.247 0.170 ± 0.201 1.250 ± 2.322
24 37 6.5 50 MRS 0.015 ± 0.253 0.877 ± 0.255 0.170 ± 0.330 1.224 ± 1.710
1Parameters of the Gompertz model: N0 = initial optical density; A = increase in biomass; μ = growth rate; λ = lag phase. Each value represents 
the mean ± 95% CI.
2Autolyzed yeast, peptone, tryptone, Tween 80 (Merck, Darmstadt, Germany), and glucose (LAPTg) broth. 
3M17 broth (Biokar Diagnostics, Beauvais, France).
4de Man-Rogosa-Sharpe (MRS) broth (Merck).
5Culture conditions in assay 10 enabled reaching both high biomass and bacteriocin levels.
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Table 1). Also, a high biomass increase was mathemati-
cally estimated under these culture conditions. Only for 
assay 18, however, was the calculated length of the lag 
phase higher than the duration of growth experiments 
(24 h), which indicated that the microorganism did not 
grow at all under these conditions (i.e., the increase of 
the estimated maximal biomass applying the Gompertz 
model was not observed experimentally during the 
sampling times assayed).

Effects of Physicochemical Factors on Growth Rate

Culture medium, pH, temperature, and the inter-
action between medium and pH affected maximum 
growth rate values. The MRS (P < 0.0001) and M17 
(P < 0.0001) broths produced a lower growth rate, 
whereas an initial pH of 6.5 (P < 0.0001) and an in-
cubation temperature of 37°C (P < 0.0001) generated 
the opposite effect. However, the effect of initial pH on 
growth rate depended on the culture medium used (i.e., 
the interaction between pH and culture medium was 
statistically significant). The highest growth rates were 
reached in LAPTg at pH 6.5, at a temperature of 37°C, 
under nonagitated conditions, and with the 2 inocula 
assayed (assays 19 and 43, Tables 1 and 2).

Effects of Physicochemical Factors  
on the Increase in Biomass

More factors had a significant effect on the increase 
in bacterial biomass than on lag phase or growth rate. 
The M17 medium caused an increase in final biomass (P 
< 0.0001), whereas MRS produced the opposite effect 
(P < 0.0001). Initial pH 6.5 (P < 0.0001) and level of 
agitation (P < 0.0001) favored the increase in biomass, 
whereas a temperature of 37°C produced the opposite 
effect. The pH-culture medium interaction was statisti-
cally significant (P < 0.0001), as seen in growth rate 
values. The increase in biomass was significantly higher 
in LAPTg pH 6.5 than in LAPTg pH 5.5. The highest 
value of biomass was recorded with 5% inoculum in 
M17 pH 6.5, at 30°C, and agitation (assay 35, Table 2).

Effects of Physicochemical Factors  
on Bacteriocin Production

Culture medium (P < 0.0001), initial pH (P < 
0.0001), and incubation temperature (P = 0.0002) af-
fected the bacteriocin production (Figures 1 and 2). In 
general, higher bacteriocin levels (up to 76,800 AU/mL) 
were obtained in MRS or LAPTg at an initial pH of 6.5 

Table 2. Estimation of the growth parameters of Enterococus mundtii CRL1656 (at 5.0% inoculum) using the modified Gompertz model 

Assay 
number

Temperature  
(°C) pH

Agitation  
(oscillations/min)

Culture 
medium N0

1 A1 μ1 (h−1) λ1 (h)

25 30 5.0 0 LAPTg2 0.000 ± 0.101 0.510 ± 0.107 0.059 ± 0.024 0.195 ± 0.673
26 30 5.0 0 M173 0.014 ± 0.021 0.465 ± 0.187 0.034 ± 0.006 0.600 ± 1.012
27 30 5.0 0 MRS4 0.077 ± 0.049 0.148 ± 1.431 0.037 ± 0.020 13.124 ± 2.599
28 30 5.0 50 LAPTg 0.006 ± 0.125 0.585 ± 0.270 0.057 ± 0.025 0.529 ± 2.098
29 30 5.0 50 M17 0.000 ± 0.071 0.805 ± 0.601 0.034 ± 0.034 0.810 ± 3.523
30 30 5.0 50 MRS 0.096 ± 0.057 0.000 ± 0.321 0.000 ± 0.013 2.083 ± 3.559
31 30 6.5 0 LAPTg 0.040 ± 0.260 0.662 ± 0.245 0.167 ± 0.174 0.958 ± 0.943
32 30 6.5 0 M17 0.019 ± 0.108 0.797 ± 0.223 0.056 ± 0.024 0.000 ± 0.486
33 30 6.5 0 MRS 0.028 ± 0.159 0.729 ± 0.159 0.113 ± 0.039 1.252 ± 1.003
345 30 6.5 50 LAPTg 0.039 ± 0.214 0.801 ± 0.253 0.127 ± 0.169 0.707 ± 2.726
355 30 6.5 50 M17 0.000 ± 0.142 0.945 ± 0.154 0.097 ± 0.024 0.819 ± 1.876
36 30 6.5 50 MRS 0.028 ± 0.142 0.784 ± 0.193 0.105 ± 0.042 1.364 ± 1.603
37 37 5.0 0 LAPTg 0.028 ± 0.052 0.446 ± 0.053 0.200 ± 0.204 1.698 ± 0.353
38 37 5.0 0 M17 0.022 ± 0.044 0.362 ± 0.043 0.051 ± 0.069 0.947 ± 0.586
39 37 5.0 0 MRS 0.114 ± 0.077 0.000 ± 0.153 0.000 ± 0.022 2.076 ± 1.590
40 37 5.0 50 LAPTg 0.019 ± 0.148 0.610 ± 0.148 0.107 ± 0.050 0.531 ± 1.695
41 37 5.0 50 M17 0.000 ± 0.084 0.611 ± 0.076 0.145 ± 0.089 2.369 ± 0.237
42 37 5.0 50 MRS 0.105 ± 0.064 0.175 ± 1.166 0.009 ± 1.179 11.033 ± 4.933
43 37 6.5 0 LAPTg 0.043 ± 0.165 0.545 ± 0.185 0.618 ± 0.816 1.673 ± 0.404
44 37 6.5 0 M17 0.039 ± 0.345 0.717 ± 0.323 0.184 ± 0.128 1.270 ± 1.230
45 37 6.5 0 MRS 0.039 ± 0.244 0.720 ± 0.246 0.186 ± 0.503 1.223 ± 1.454
46 37 6.5 50 LAPTg 0.000 ± 0.370 0.787 ± 0.352 0.216 ± 0.371 0.000 ± 2.725
47 37 6.5 50 M17 0.000 ± 0.249 0.904 ± 0.226 0.107 ± 0.056 0.030 ± 0.780
48 37 6.5 50 MRS 0.035 ± 0.205 0.835 ± 0.191 0.220 ± 0.314 1.175 ± 0.630
1Parameters of the Gompertz model: N0 = initial optical density; A = increase in biomass; μ = growth rate; λ = lag phase. Each value represents 
the mean ± 95% CI.
2Autolyzed yeast, peptone, tryptone, Tween 80 (Merck, Darmstadt, Germany), and glucose (LAPTg) broth. 
3M17 broth (Biokar Diagnostics, Beauvais, France).
4de Man-Rogosa-Sharpe (MRS) broth (Merck).
5Optimal growth conditions were observed in assays 34 and 35.
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and at 30°C. Low levels of bacteriocin activity were de-
tected in M17 broth. Bacteriocin production occurred 
during the exponential growth phase, continued dur-
ing the early stationary phase, and reached a plateau, 
although in some cases activity decreased after 24 h 
incubation. Analysis of (AU/mL)/OD540 values for the 
different culture conditions showed that culture media 
(P < 0.0001), initial pH (P < 0.001), and temperature 
(P < 0.001) had an influence on the bacteriocin levels 
per unit of biomass, as observed in bacteriocin produc-
tion (data not shown).

Optimal Conditions of Growth
and Bacteriocin Production

Better growth conditions were recorded in LAPTg 
and M17 broth at an initial pH of 6.5 with agitation 
(Tables 1 and 2 and Figure 3). The optimal conditions 
to produce higher biomass (shorter lag phase, greater 
biomass increase, and maximum growth rate) were ob-
tained with 5.0% inoculum in M17 or LAPTg medium 
at pH 6.5, incubated at 30°C with agitation (assays 34 
and 35, Table 2).

The optimal mundticin CRL1656 production was 
obtained in LAPTg at an initial pH 6.5 with 2.5% 
inoculum, at 30°C, with or without agitation (Figure 
1). Under these conditions, the maximum bacteriocin 
levels reached were 76,800 (after 9 h of incubation with 
agitation) and 64,000 AU/mL (after 12 h of incubation 
without agitation). Optimal bacteriocin or biomass 
ratios were obtained in (a) LAPTg, pH 6.5, 2.5% inocu-
lum, at 30°C with agitation, (b) LAPTg, pH 6.5, 2.5% 
inoculum, at 37°C without agitation, and (c) MRS or 
LAPTg, 5.0% inoculum, pH 6.5, at 30°C without agita-
tion (Figure 3). The culture conditions that promoted 
the highest production of biomass and bacteriocin were 
LAPTg medium, pH 6.5, 2.5% inoculum, incubated at 
30°C with agitation (assay 10, Table 1).

DISCUSSION

Over the last few years, scientific evidence has 
shown the effectiveness of beneficial microorganisms 
(Klostermann et al., 2008; Beecher et al., 2009; Frola 
et al., 2012) or bacteriocins from LAB (Crispie et al., 
2004; Cao et al., 2007; Pieterse et al., 2010) in the pre-

Figure 1. Kinetics of bacteriocin production [as arbitrary units (AU)/mL] by Enterococcus mundtii CRL1656 at 2.5% inoculum, in autolyzed 
); and M17 broth (�) under different initial pH and 

agitation conditions. opm = oscillations per minute.
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vention or treatment of bovine mastitis. In this study, 
the simultaneous evaluation of the effect of different 
factors on the growth and bacteriocin production of 
a bovine E. mundtii strain was performed using a full 
factorial design. Biomass and bacteriocin production 
by E. mundtii CRL1656 was found to depend mainly 
on culture medium, initial pH, and temperature, as 
evidenced in other bacteriocinogenic LAB, such as E. 
mundtii ST15, ST4SA, and QU 2 (De Kwaadsteniet 
et al., 2005; Zendo et al., 2005; Todorov and Dicks, 
2009), Streptococcus macedonicus ACA-DC 198 (Van 
den Berghe et al., 2006), and Pediococcus damnosus 
NCFB 1832 (Nel et al., 2001). Previously, culture me-
dium components and pH have been shown to strongly 
influence bacteriocin production of E. mundtii ST4SA 
(Coetzee et al., 2007). Optimal levels were obtained in 
corn stern liquor supplemented with yeast extract and 
glucose, and the level of production was maintained 
by adjusting the pH culture during the fermentation. 
Others have found that culture medium and initial 
pH, but not temperature, significantly affected the ac-
tivity of bacteriocins produced by various E. mundtii 
strains of raw material of vegetable origin (Settanni 
et al., 2008).

In the case of E. mundtii CRL1656, the effect of pH 
on several growth parameters was dependent on the cul-
ture medium assayed. This interaction between factors 
would not be observed using a single factor approach. 
In general, inoculum size and level of agitation did not 
produce a significant effect on biomass and bacterio-
cin production, although 5.0% inoculum significantly 
reduced the length of the lag phase. The increase in 
biomass and mundticin CRL1656 production was in-
versely related to the incubation temperature, reaching 
higher levels at 30 than 37°C. In a similar way, higher 
bacteriocin production at lower temperatures (25 or 
30°C) was reported for E. mundtii ST15, ST4SA, and 
QU 2 (De Kwaadsteniet et al., 2005; Zendo et al., 2005; 
Todorov and Dicks, 2009).

It is well known that bacteriocin production is some-
times higher at suboptimal growth conditions, such 
as low pH (De Vuyst et al., 1996; Juarez Tomás et 
al., 2002; Todorov and Dicks, 2009). For example, the 
highest bacteriocin production of E. mundtii QU 2 was 
achieved at pH 6.0, whereas the highest cell growth was 
obtained at pH 7.0 (Zendo et al., 2005). In contrast, in 
the case of E. mundtii CRL1656, optimal pH for bio-
mass and bacteriocin production was the same. A lower 

Figure 2. Kinetics of bacteriocin production [as arbitrary units (AU)/mL] by Enterococcus mundtii CRL1656 at 5.0% inoculum, in autolyzed 
); and M17 broth (�) under different initial pH and 

agitation conditions. opm = oscillations per minute.



Journal of Dairy Science Vol. 97 No. 2, 2014

BACTERIOCIN PRODUCTION BY ENTEROCOCCUS MUNDTII 795

production of biomass and bacteriocins by E. mundtii 
CRL1656 was recorded at an initial pH of 5.0 than at 
pH 6.5. In a similar way, low pH values (from 4.0 to 
5.5) did not favor the bacteriocin production of several 
E. mundtii strains isolated from vegetables (De Kwaad-
steniet et al., 2005; Zendo et al., 2005; Settanni et al., 
2008; Todorov and Dicks, 2009). The optimal pH value 
(6.5) for the growth and bacteriocin production of E. 
mundtii CRL1656 is udder skin compatible (Hemling, 
2002); therefore, the results obtained allow a prediction 
of the behavior of the strain once administered to the 
host.

Maximal levels of biomass and bacteriocins and of 
bacteriocin produced per unit of biomass were obtained 
in different culture media for E. mundtii CRL1656. The 
highest amount of biomass was obtained in LAPTg and 
M17 broth for this strain, whereas bacteriocin activity 
was maximal in LAPTg and MRS but minimal in M17. 
Similar results were observed in different bacteriocin-
producing E. mundtii strains that showed the lowest 
bacteriocin activity in M17 medium (De Kwaadsteniet et 
al., 2005; Settanni et al., 2008; Todorov and Dicks, 2009).

Several differences in culture medium components 
between M17 (a culture medium used for the growth 
of lactococci and streptococci; Terzaghi and Sandine, 
1975) and LAPTg and MRS (media frequently used for 
LAB; De Man et al., 1960; Raibaud et al., 1961) would 
account for the low bacteriocin production recorded for 
E. mundtii CRL1656 grown in M17. For example, M17 
contains lactose as a carbon source instead of glucose, 
which is included in LAPTg and MRS. Conversely, 
total concentration of nitrogen sources in M17 (17.5 
g/L) is lower than in LAPTg and MRS (35 and 25 g/L, 
respectively). Besides, unlike LAPTg and MRS, M17 
does not contain Tween 80, a source of FA considered 
a growth stimulant of several LAB. Zendo et al. (2005) 
reported that bacteriocin production by E. mundtii QU 
2 decreased in MRS broth depleted of glucose, nitrogen 
sources, or Tween 80. In a similar way, the inclusion of 
Tween 80 in the growth medium of E. mundtii ST4SA 
increased bacteriocin production by more than 50% 
(Todorov and Dicks, 2009).

Mundticin CRL1656 was produced during the expo-
nential phase and at the beginning of the stationary 

Figure 3. Kinetics of growth [as optical density at 540 nm (OD540)] and bacteriocin production [as arbitrary units (AU)/mL] per unit of 
biomass [i.e., (AU/mL)/OD540] of Enterococcus mundtii CRL1656 under optimal pH and temperature conditions (6.5 and 30°C, respectively) at 
different inoculum levels, culture media, and agitation conditions. The OD540 in autolyzed yeast, peptone, tryptone, Tween 80, and glucose broth 
= �, de Man-Rogosa-Sharpe broth = □, and M17 broth = ; (AU/mL)/OD540 in autolyzed yeast, peptone, tryptone, Tween 80, and glucose 
broth = �, de Man-Rogosa-Sharpe broth = �, and M17 broth = �.
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growth phase. This means that bacteriocin production 
is associated with the growth of E. mundtii CRL1656 as 
a primary metabolite. Other researchers also reported 
bacteriocin production during the log phase (e.g., E. 
mundtii ST4SA, Lactococcus lactis A164, and Lacto-
bacillus amylovorus DCE 471; De Vuyst et al., 1996; 
Cheigh et al., 2002; Todorov and Dicks, 2009). The de-
crease in mundticin CRL1656 activity observed during 
the stationary phase could be caused by the adsorption 
of the bacteriocin onto the bacterial surface, or by pro-
tein aggregation or proteolytic degradation (De Vuyst 
et al., 1996; De Vuyst and Leroy, 2007).

In conclusion, several physicochemical factors af-
fected the growth and mundticin CRL1656 production 
by an autochthonous beneficial E. mundtii CRL1656 
from the bovine udder, depending on the response 
evaluated. The most favorable culture conditions for 
biomass and bacteriocin production were reached in 
LAPTg medium, at an initial pH of 6.5, with 2.5% 
inoculum, incubated at 30°C under agitation. These 
results represent an advance in the optimization of the 
culture conditions to obtain high levels of raw mate-
rial (biomass and antimicrobial metabolite) that can 
be included in a probiotic product for bovine mastitis 
prevention. Further studies are needed for the design of 
different low cost alternative media to achieve simulta-
neous optimal biomass and bacteriocin production.
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