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Abstract
The use of lactic acid bacteria (LAB) and probiotic cultures in the breeding of animals such as poultry and swine are quite 
common. It is known that those strains can produce bacteriocins when grown in pure culture. However, the production of 
bacteriocin using co-culture of microorganisms has not been much studied so far. The present study contributes with inno-
vation in this area by embracing the production of bacteriocin-like inhibitory substances (BLIS) by a newly isolated strain 
of Enterococcus faecium 135. Additionally, the co-cultivation of this strain with Ligilactobacillus salivarius and Limosi-
lactobacillus reuteri was also investigated. The antimicrobial activity of the produced BLIS was evaluated against Listeria 
monocytogenes, Listeria innocua, Salmonella enterica, and Salmonella enterica serovar Typhimurium using two methods: 
turbidimetric and agar diffusion. In addition, the presence of enterocin genes was also evaluated. The BLIS produced showed 
a bacteriostatic effect against the bio-indicator strains, and the highest antimicrobial activities expressed by arbitrary units 
per mL (AU/mL) were obtained against L. monocytogenes in monoculture (12,800 AU/mL), followed by the co-culture of 
E. faecium with Limosilactobacillus reuteri (400 AU/mL). After concentration with ammonium sulfate, the antimicrobial 
activity raised to 25,600 AU/mL. Assays to determine the proteinaceous nature of the BLIS showed susceptibility to trypsin 
and antimicrobial activity until 90 °C. Finally, analysis of the presence of structural genes of enterocins revealed that four 
enterocin genes were present in E. faecium 135. These results suggest that BLIS produced by E. faecium 135 has potential 
to be a bacteriocin and, after purification, could potentially be used as an antimicrobial agent in animal breeding.
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Introduction

The inappropriate and excessive use of antibiotics in the 
breeding of animals such as poultry and swine, associated 
with the increased resistance of bacteria to antibiotics, has 
led to major changes in policies to regulate the use of anti-
biotics, especially by the European Food Safety Authority 
(EFSA). These policies mainly imply the prohibition of cer-
tain antibiotics used in subtherapeutic doses to assist the 
growth of animals, in addition to the often inappropriate 
treatments by breeder [1]. With the mass production and 
processing of these meats, there is a great concern with the 
potential presence of pathogenic microorganisms (Salmo-
nella spp., Listeria spp., and Campylobacter spp.), which 
has led to serious cleaning and disinfection measures in ani-
mal breeding, slaughtering, and meat handling [2]. There-
fore, besides the classical methods of prevention such as 
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sanitization and use of antibiotics, other techniques have also 
been used by breeders including vaccination, use of organic 
acids, lactic acid bacteria (LAB), probiotics, and bacterioc-
ins [3, 4]. Some of the main reasons for the use of LAB and 
probiotics in the feeding of these animals are the prevention 
of growth of enteric pathogens and the improvement of the 
meat quality [5]. Usually, the administration of those probi-
otics and bacteriocins in animal breeding is made during the 
feed, and to secure the viability of the strains and action of 
the bacteriocins, the substances are commonly microencap-
sulated and administered with ration or water [6, 7].

Several microorganisms are known to show probiotic 
properties, including LAB, non-lactic acid bacteria, and 
some yeasts. From these microorganisms, LAB are the most 
studied and they generally belong to the genera Streptococ-
cus spp., Lactococcus spp., Enterococcus and the family 
Lactobacillaceae [8–11]. Besides producing organic acids, 
these LAB can also produce other antimicrobial compounds 
such as hydrogen peroxide and bacteriocins [12]. Bacteri-
ocins or bacteriocin-like inhibitory substances (BLIS) are 
peptides or proteins produced by the ribosomes and excreted 
into the extracellular environment, exerting antimicrobial 
activities against other bacteria [13, 14]. LAB strains that 
produce bacteriocins or BLIS include strains of the gen-
era Enterococcus spp. [9, 15]. Among these, some strains 
of Enterococcus faecium have been reported to produce 
enterocins belonging to different classes, which are circu-
lar bacteriocins, members of class I or class II bacteriocins 
with low molecular weight (< 10 kDa) [13, 16] and excel-
lent activities against Listeria monocytogenes, Salmonella 
enterica, and Escherichia coli [9, 17, 18]. From the Lacto-
bacillaceae family, Ligilactobacillus salivarius is capable 
of producing salivaricin, a class II bacteriocin with activity 
against Salmonella sp., Campylobacter jejuni, and Listeria 
sp. [14], while Limosilactobacillus reuteri produces reuterin, 
a class II bacteriocin with an anti-listerical effect [19].

The use of co-cultures to produce bacteriocins is a 
strategy still not much investigated in the literature. Some 
authors reported that the production of nisin by Lactococ-
cus lactis was increased by 85% when the strain was co-
cultivated with Saccharomyces cerevisiae [20]. On the other 
hand, co-cultivation of Lactococcus lactis subsp. cremoris 
with a bacteriocin producer strain of E. faecium resulted in 
an interruption of the bacteriocin production [21]. In gen-
eral, when bacteria are used in co-cultivation to produce 
bacteriocins, the success is strain related [22–24] and the 
inducing microorganism must be resistant to this particular 
bacteriocin [25–27].

Due to the potential of some LAB to produce BLIS or 
bacteriocins, this study aimed to evaluate the production of 
BLIS by a newly isolated strain of E. faecium 135, and its 
antimicrobial activity against Listeria monocytogenes, Lis-
teria innocua, Salmonella enterica, and Salmonella enterica 

serovar Typhimurium. In addition, the presence of enterocin 
genes in E. faecium 135 DNA was investigated. The BLIS 
production by co-cultivation of E. faecium 135 with the 
two bacteriocin producers, Ligilactobacillus salivarius 
and Limosilactobacillus reuteri, was also evaluated, with 
its action being tested against the most common pathogens 
that cause concern to the breeding industry.

Materials and methods

Microorganisms

Enterococcus faecium 135 isolated from the intestines of 
a starfish (Order Forcipulatida) in Playa Unión, Rawson-
Chubut (Patagonia, Argentina) and kindly donated by Prof. 
Marisol Vallejo, National University of Patagonia San Juan 
Bosco (Argentina), was used as BLIS producer. The follow-
ing strains were used as bio-indicators: Salmonella enterica 
CECT 724 and Listeria monocytogenes CECT 934 (acquired 
from the Spain Collection of Cultures, Spain), Salmonella 
enterica serovar Typhimurium IOC 5551/16, and Listeria 
innocua CLIST 2711 (kindly provided by Fiocruz, Rio de 
Janeiro, Brazil). For the co-cultivation experiments, the bac-
teriocin producer strains Ligilactobacillus salivarius subsp. 
salicinius ATCC 11742 and Limosilactobacillus reuteri 
ATCC 23272 (acquired from André Tosello Foundation, 
Campinas, Brazil) were used.

The strains were cryopreserved in tubes containing 1 mL 
of cell culture with glycerol 20%, at − 76 °C.

Medium, inoculum, and cultivation conditions

MRS (de Man, Rogosa, and Sharpe) broth (Difco™, MD, 
USA) was the medium used for the bacteria cultivation. It 
was prepared following the manufacturer’s instructions and 
had the final pH adjusted to 6 by adding HCl 1 N.

The inoculum was prepared by adding 1 mL of stock 
culture of E. faecium 135 in a 250-mL Erlenmeyer flask 
containing 50 mL of MRS broth, followed by incubation on 
an orbital shaker (Tecnal Equipamentos Científicos, Piraci-
caba, Brazil) at 37 °C, 100 rpm, for 24 h. Then, 10 mL of 
the inoculum, with optical density (OD) at 600 nm wave-
length adjusted to 0.8 (~ 7 log CFU/mL), was transferred to 
an Erlenmeyer flask containing 90 mL of MRS broth. In this 
step, the single cultivation of the strain was performed in a 
metabolic agitator under different conditions of temperature 
(30 and 35 °C) and agitation (100 and 150 rpm).

For the co-cultivation assays, the following strain mix-
tures were used: (i) Ligilactobacillus salivarius ATTC 11742 
and Limosilactobacillus reuteri ATCC 23272 (5:5 mL); (ii) 
Ligilactobacillus salivarius ATTC 11742 and E. faecium 
135 (5:5 mL); (iii) Limosilactobacillus reuteri ATCC 23272 
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and E. faecium 135 (5:5 mL); (iv) Ligilactobacillus salivar-
ius ATTC 11742, Limosilactobacillus reuteri ATCC 23272, 
and E. faecium 135 (3.3: 3.3: 3.3 mL). Ligilactobacillus sali-
varius and Limosilactobacillus reuteri strains were activated 
in a similar way to that performed for E. faecium. For the 
experiments, all the strains had the OD adjusted to 0.8 (~ 7 
log CFU/mL) in order to start with the same amount of cells. 
The co-cultivation assays were carried out in Erlenmeyer 
flasks containing 100 mL of MRS broth, at 35 °C, in an 
orbital shaker at 100 rpm for 24 h. At the end of the experi-
ments, samples were taken and submitted to antimicrobial 
activity analysis.

Antimicrobial activity of potential BLIS

Determination of antimicrobial activity by turbidimetric 
analysis

Samples were taken at the end of the cultivations, centri-
fuged at 4470 g for 10 min, and the supernatant was fil-
tered through 0.22 µm filter (Analítica, São Paulo, Brazil). 
Then, the cell-free supernatant (CFS) had the pH adjusted 
to 6.0–6.5 with NaOH 1 M and was thermically treated at 
70 °C for 20 min to be used in the antimicrobial activity 
assays [28].

The antimicrobial activity was verified against the 
bio-indicator strains S. enterica, S. Typhimurium, and L. 
monocytogenes. The strains were previously grown in TSB 
(Tryptic Soy Broth) (Difco™, Le Pont de Claix, France) 
medium for 16 h. For the analysis, the cultures had the OD 
adjusted to 0.1 (S. enterica and S. Typhimurium) and 0.2 (L. 
monocytogenes).

Analyses were performed in 96-well plates using a micro-
plate reader (Synergy HTX, Bio Tek, Winooski, USA). For 
analysis, the following volumes were added per well: 50 µL 
of the bio-indicator strain, 50 µL of the previously treated 
CFS, and 100 µL of TSB broth. Assays were also performed 
with a positive control, i.e., without BLIS. The microplates 
were maintained at 37 °C for 24 h. During this period, the 
OD (600 nm) was measured every 30 min (the plate was 
agitated at 50 rpm before every reading to homogenize the 
cell suspension). Analyses were performed in triplicate. 
After 24 h, a graphic comparing the positive control with 
the samples containing treated CFS was plotted to observe 
the action of BLIS on the growth of the bio-indicator strains.

Determination of antimicrobial activity through the agar 
diffusion method

After obtaining the CFS as described in the “Determina-
tion of antimicrobial activity by turbidimetric analysis,” BHI 
(Brain Heart Infusion) (Difco™, MD, USA) medium was 
used to grow L. monocytogenes, and TSB (Difco™, Le Pont 

de Claix, France) medium was used to grow S. enterica and 
S. Typhimurium. Initially, 108 CFU/mL of each strain were 
inoculated in 10 mL of BHI or TSB agar and then trans-
ferred to a Petri dish. After solidification, 10 μL of CFS was 
added and the plate was incubated at 37 °C for 18 h. The 
antimicrobial activity of the BLIS was expressed in arbitrary 
units per milliliter (AU/mL). The activity was measured by 
the dilution of the treated CFS in a twofold dilution using 
phosphate buffer 100 mM (pH 6.5). The highest dilution 
with a minimum halo of 2 mm of inhibition was considered 
for calculations using the Eq. (1), where a is the dilution 
factor, and b is the highest dilution with an inhibition halo; 
the obtained value is expressed in milliliters by multiplying 
per 100 [29].

Treated CFS from co-cultures of E. faecium, L. salivar-
ius, and L. reuteri also had the antimicrobial activity tested 
using the method described above, being the activity also 
expressed in AU/mL.

BLIS concentration with ammonium sulfate

To concentrate the produced BLIS, 10 g of ammonium sul-
fate (Labsynth Produtos para Laboratórios Ltda, Diadema, 
Brazil) was added in tubes containing 20 mL of treated CFS 
(50% saturation), then the tubes were agitated vigorously 
for 1 min, followed by incubation at 10 °C, 100 rpm, for 
1 h. Afterwards, the content of the tubes was centrifuged 
(4470 g, 4 °C, 30 min), the precipitate was recovered and 
resuspended with 10% (v/v) of the initial volume (20 mL) 
of 25 mM (pH 6.5) ammonium acetate (Labsynth Produtos 
para Laboratórios Ltda, Diadema, Brazil) solution, and fil-
tered through 0.22 μm filter [29]. The antimicrobial activity 
of the concentrated BLIS was determined by the agar dif-
fusion method.

Determination of the protein nature of the BLIS

The proteinaceous nature of the antimicrobial compound 
was determined by the agar diffusion method. Firstly, BLIS 
was obtained as described in the “Determination of anti-
microbial activity by turbidimetric analysis.” Then, 10 µL 
of treated BLIS was poured in a Petri dish containing L. 
innocua as bio-indicator strain. The same volume of trypsin 
(10 µL) (Sigma-Aldrich, Saint Louis, USA) at 1 mg/mL was 
poured in the Petri dish in such a way that it would just 
partially cover the BLIS [29]. The proteinaceous nature of 
the BLIS was determined by the absence of antimicrobial 
activity affecting the formation of the inhibition halo.

(1)AU∕mL = a
∧
b × 100
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Effect of salts, detergents, and temperature on BLIS 
stability

The method described by Todorov and Dicks [29] was used 
to verify the stability of the produced BLIS. For the assays, 
the BLIS liquid culture was treated with 1% (w/v) of the 
following reagents: NaCl (Cromoline Química Fina LTDA, 
Diadema, Brazil), EDTA, Triton 100x, SDS, Tween-20 
(Inlab, Alamar Tecno Científica Ltda, São Paulo, Brazil), 
and Tween-80 (Labsynth Produtos para Laboratórios Ltda, 
Diadema, Brazil)) at 30 °C for 2 h. Reactions were per-
formed in conical tubes with a working volume of 1 mL. In 
addition, BLIS was submitted to various heat treatments: 30, 
50, 70, and 90 °C for 1 h, or 120 °C for 15 min. After treat-
ment, the stability of the BLIS was verified through the agar 
diffusion method against L. innocua as bio-indicator strain.

Molecular identification of Enterococcus faecium 135 
and amplification of enterocin genes

Genotypic identification of E. faecium 135 was confirmed 
through 16S rRNA technique. The DNA was extracted using 
a Promega Wizard Genomic DNA purification kit (Madison, 
WI, USA) following the manufacturer’s instructions. The 
protocols used in amplification were described by Jackson 
et al. [30] and the primers by Kariyama et al. [31]. Each 
assay had a negative control, and a positive control using 
a strain of E. faecium ATCC 19434. The PCR (polymerase 
chain reaction) was carried out in a thermocycler Master-
cycler® (Eppendorf, Hamburg, Germany). Electrophoresis 
of the products from genetic amplification was performed 
in agarose gel 1.8% (w/v) (Sigma-Aldrich) at 70 V for 1 h 
using TAE (Tris, acetic acid, EDTA) (Sigma-Aldrich) buffer 
pH 8. To calculate the molecular size of the products from 
amplification, a molecular marker of 100–1000 bp (Inbio 
Highway, Buenos Aires, Argentina) was used. At the end of 
the run, the gel was transferred to a solution of TAE buffer 
and ethidium bromide (0.5 µg/mL) solution for 20 min. 
Then, the gel was visualized through UV light using a DNA 
light transilluminator U1000 (Labnet International Inc.) and 
photographed.

The presence of enterocin structural genes was also evalu-
ated by PCR amplification. The primers and protocols used 
are listed in Table 1. PCR products were analyzed by gel 
electrophoresis as described above.

Statistical analysis

All the experiments were performed in triplicate and the 
results were evaluated by analysis of variance (ANOVA) 
using the software Statistica 12.0 (TIBCO, Palo Alto, CA, 
USA). The main values were compared using the Tukey test 
for a level of significance p < 0.05.

Results and discussion

Antimicrobial activity of potential BLIS produced 
by E. faecium 135

The results of antimicrobial activity through the turbi-
dimetric method of the potential BLIS produced by E. 
faecium 135 against the bio-indicator strains Salmonella 
enterica (a), S. Typhimurium (b), and L. monocytogenes 
(c) are shown in Fig. 1. Assays against S. enterica revealed 
that the BLIS was able to reduce 37.7% of the OD when 
compared to the control; however, it was not able to fully 
inhibit the growth of this pathogen during the 24 h of 
assay. Similar results were observed against S. Typhimu-
rium, with a reduction of 42.4% of OD when compared to 
the control; but not a complete inhibition of the growth of 
this pathogen during the 24 h assayed.

Unlike the results obtained against Salmonella sp., the 
activity against L. monocytogenes showed a significant delay 
in the lag phase of this strain (Fig. 1c), with the OD value 
remaining at approx. 0.182 during 9 h and 14 h, for cultiva-
tions carried out at 30 and 35 °C, respectively. Only after 
these long periods of lag phase, the strain was able to reach 
the exponential phase, achieving an OD of 0.560 after 24 h, 
which revealed a bacteriostatic effect of the BLIS.

Figure  2 shows the results of antimicrobial activ-
ity obtained by the agar diffusion method. These results 
confirmed the previous obtained by turbidimetric assay, 
with the highest inhibitory action of BLIS (activity rang-
ing between 6,400 and 12,800 AU/mL) being observed 
against L. monocytogenes (Fig. 2a). Antimicrobial activity 
was less pronounced against S. enterica (ranging between 
200 and 400 AU/mL, Fig. 2b) and for S. Typhimurium 
400 AU/mL, Fig. 2c) from E. faecium 135 cultures carried 
out at 35 °C, 100/150 rpm, and without activity at 30 °C. 
Overall, these results of antimicrobial activity are in agree-
ment with other studies that have reported the production 
of BLIS and bacteriocins by other strains of E. faecium 
[9, 18, 38, 39], especially on the action against L mono-
cytogenes, once the values of AU/mL were bigger against 
this strain, conforming the efficacy of the potential BLIS. 
Similar results were also reported by Baños et al. [40] for 
antimicrobial activity of E. faecalis UGRA10 enterocin 
against L. monocytogenes in refrigerated raw salmon 
meat. The antimicrobial activities against the strains of S. 
enterica and S. Typhimurium were less pronounced when 
compared to L. monocytogenes, probably because they are 
Gram-negative bacteria. According to some authors, it is 
usually difficult to bind the antimicrobial compound to the 
membrane of Gram-negative bacteria [15, 38, 39].

L. monocytogenes, S. enterica, and S. Typhimurium are 
considered important pathogens in the meat-processing 
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Table 1   Primers used for PCR amplification of structural enterocin genes

Enterocin Target gene and primer sequence (5´- 3´) PCR conditions PCR positive control Size (bp) Reference

Temp (ºC) Duration No. of cycles

Enterocin A entA 95 5 min. 1 [32]
f: GGT​ACC​ACT​CAT​AGT​GGA​AA 95 30 s 30 E. faecium ETW 20 138
r: CCC​TGG​AAT​TGC​TCC​ACC​TAA​ 95 30 s

72 5 min. 1
Enterocin B entB

f: CAA​AAT​GTA​AAA​GAA​TTA​AGT​
ACG​

95 5 min. 1 201

r: AGA​GTA​TAC​ATT​TGC​TAA​CCC​ 95 30 s 30
95 30 s
72 5 min. 1

Enterocin P entP
f: GCT​ACG​CGT​TCA​TAT​GGT​AAT​ 95 5 min. 1 87
r: TCC​TGC​AAT​ATT​CTC​TTT​AGC​ 95 30 s 30

95 30 s
Enterocin LB50A 72 5 min. 1 274

entL50A
f: ATG​GGA​GCA​ATC​GCA​AAA​TTA​ 95 5 min. 1 E. mundti STw60
r: TTT​GTT​AAT​TGC​CCA​TCC​TTC​ 95 30 s 30

95 30 s
72 5 min. 1

Enterocin LB50B entL50B
f: ATG​GGA​GCA​ATC​GCA​AAA​TTA​ 95 5 min. 1 E. faecium ETW20 274
r: TAG​CCA​TTT​TTC​AAT​TTG​ATC​ 95 30 s 30

95 30 s
72 5 min. 1

Enterocin 96 ent96 95 15 min. 1
f: GTG​GAG​AGG​ACG​AAA​GGA​GA 95 15 s 40 - 291 [33]
r: TTG​ATT​AGT​GGA​GAG​GAC​GGA​

TTA​
60 1 min.

72 1 min 1
Enterocin 31 Bact31 94 5 min. 1 E. faecalis FA 2-2

f: CCT​ACG​TAT​TAC​GGA​AAT​GGT​ 94 30 s 35 130 [34]
r: GCC​ATG​TTG​TAC​CCA​ACC​ATT​ 58 30 s

72 45s 1
Enterocin 1071 Ent1071A/B 97 2 min. 1

f: GGG​GAG​AGT​CGG​TTT​TTA​G 94 45 s 35 273 [35]
r: ATC​ATA​TGC​GGG​TTG​TAG​CC 55 30 s -

72 45 s
72 2 min. 1

Enterocin Q entqA 97 2 min. 1 E. faecium L50 [36]
f: ATG​AAT​TTT​CTT​CTT​AAA​AAT​GGT​

ATC​GCA​
94 1 min. 35 105

r: TTA​ACA​AGA​AAT​TTT​TTC​CCA​
TGG​CAA​

55 30 s

72 2 min. 1
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industry, mainly because the contamination can occur 
during the steps of cutting and evisceration where the 
pathogens mainly present in the intestinal contents could 
come into contact with the meat [4]. So a molecule that 
is capable of reducing the effect of these pathogens both 
in the animal’s gastrointestinal tract and at the time its 
meat is processed, is of great interest [40]. In this sense, 
the BLIS produced by E. faecium 135 presented activity 
against those pathogens, showing potential for future utili-
zation by this industry. By applying a microencapsulation 
technique, the structure and activity of the BLIS could 
remain intact [7].

Figure 2 also shows that the results of antimicrobial activ-
ity were not significantly (p < 0.05) affected by the variations 
in temperature (30 or 35 °C) and agitation (100 or 150 rpm) 
evaluated for cultivation of E. faecium. Therefore, for the 
subsequent experiments, it was decided to perform the culti-
vations at 35 °C and 100 rpm since such conditions gave the 
best results by the turbidimetric assay (Fig. 1) and were also 
the only ones that showed antimicrobial activity against all 
the bio-indicator strains tested by the agar diffusion method 
(Fig. 2). After the positive results of antimicrobial activity, 
the treated CFS was now denominated as BLIS.

BLIS concentration with ammonium sulfate and its 
proteinaceous nature

In an attempt to increase the activity of the BLIS produced 
by E. faecium 135, the BLIS was concentrated with 50% 
(w/v) ammonium sulfate solution and then treated with 
trypsin (1 mg/mL). Results revealed that, after concentrated, 
the size of inhibition halos from BLIS against L. monocy-
togenes was 25,600 AU/mL, which represented an increase 

Table 1   (continued)

Enterocin Target gene and primer sequence (5´- 3´) PCR conditions PCR positive control Size (bp) Reference

Temp (ºC) Duration No. of cycles

Mundticin KS mun KS 94 3 min. 1 E. mundti STw60 [37]

f: TGA​GAG​AAG​GTT​TAA​GTT​TTG​
AAG​AA

94 30 s 30 379

r: TCC​ACT​GAA​ATC​CAT​GAA​TGA​ 53 30 s

72 1 min 1

Hiracin JM79 HirJm79 97 2 min. 1 E. hirae DCH5

f: ATG​AAA​AAG​AAA​GTA​TTA​AAA​
CAT​TGT​GTT​ATT​CTA​GG

94 45 s 35 250

r:ATA​AGT​TAA​GCT​TGT​ACT​ACC​TTC​
TAG​GTG​CCC​ATG​GACC​

61 30 s

72 30 s

72 7 min. 1
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Fig. 1   Antimicrobial activity of BLIS produced by E. faecium against 
the bio-indicator strains L. monocytogenes (a), S. enterica (b), and S. 
Typhimurium (c). Assays performed with positive controls (●). Sam-
ples cultivated at 30 °C (■) and 35 °C ( )
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of 50% when compared to non-concentrated BLIS (12,800 
AU/mL).

Concentration with ammonium sulfate is usually used to 
precipitate proteins [29] or as a pre-purification step for cer-
tain bacteriocins [18, 41]. In the present study, the isolation 
of proteins present in BLIS by treatment with ammonium 
sulfate resulted in a more active BLIS fraction against the 
bio-indicator strain since the interference of other com-
pounds was reduced. It is worth mentioning that when the 
BLIS of E. faecium 135 was treated with trypsin (1 mg/mL), 
its antimicrobial activity ceased. This result indicates the 
proteinaceous nature of the antimicrobial compound pre-
sent in the sample. Since trypsin is an enzyme with proteo-
lytic activity, then the antimicrobial activity from E. fae-
cium 135 probably came from the BLIS produced by this 
strain (remembering that BLIS and bacteriocins are small 

peptides). However, more tests using other proteases, as well 
as the application of more purification steps, would be useful 
to confirm the protein origin.

Stability of the BLIS produced by E. faecium 135

The stability of the BLIS is an important aspect to be evalu-
ated since the use of salts and detergents during the purifi-
cation of bacteriocins may interfere in the stability of the 
molecule [28]. Usually, solutions of 1% EDTA (w/v), SDS 
(w/v), Triton 100x (v/v), Tween-20 (v/v), or Tween-80 (v/v) 
present antimicrobial effect against the bio-indicator strain 
L. innocua CLIST 2711 [28, 42]. In fact, when the reagents 
SDS, Tween 20, Tween 80, and Triton 100x were incubated 
with BLIS from E. faecium 135, and a synergistic effect in 
the antimicrobial activity was observed (Table 2), with the 
halos increasing about 2/3 mm after BLIS interaction with 
those chemicals, when compared to the control. On the other 
hand, the presence of 1% NaCl did not affect the bio-indica-
tor strain nor resulted in an additional effect when combined 
with BLIS from E. faecium 135. The same behavior was 
observed when EDTA was used, which was an unexpected 
result since EDTA usually has a certain antimicrobial activ-
ity because it is a chelating agent and has ability to destabi-
lize cell membranes [43, 44].

Regarding the thermic treatment, the use of temperature 
up to 90 °C for 1 h did not affect the stability of the BLIS, 
revealing some heat stability of this biomolecule, which is 
an important information for future purification steps. A 
negative effect was only observed for higher temperature 
(120 °C), in this case, even for a shorter period (15 min 
only) (Table 2). Overall, the results presented in Table 2 
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Fig. 2   Antimicrobial activity of BLIS produced by E. faecium 135 at 
30  °C ( ) and 35  °C (■), 100 and 150  rpm, by the agar diffusion 
method against the strains L. monocytogenes (a), S. enterica (b), and 
S. Typhimurium (c). Results are expressed in arbitrary units AU/mL

Table 2   Effect of detergents, salts, and temperature on the stability of 
the BLIS produced by Enterococcus faecium 135

*  (+ + +) > 12 mm, (+ +) 11.0–11.99 mm, ( +) 10.0–10.99 mm, and 
(-) did not show inhibition zone. Control: BLIS from E. faecium 135 
without addition of any salt or detergent. The concentration of salts 
and detergents used for the experiments was of 1% (w/v) or (v/v)

Treatment Inhibition zone*

Listeria innocua 
CLIST 2711

Control  +  + 
Triton 100x  +  +  + 
SDS  +  +  + 
Tween-80  +  +  + 
Tween-20  +  +  + 
EDTA  +  + 
NaCl  +  + 
Thermic treatment:
30, 50, 70, or 90 °C for 1 h  +  + 
120 °C for 15 min -
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were similar to those obtained by Todorov et al. [29, 42] 
when evaluating the stability of a bacteriocin produced by 
Lactobacillus spp.

Production of BLIS by microbial co‑cultivation

E. faecium, Ligilactobacillus salivarius, and Limosilactoba-
cillus reuteri, the strains used in co-cultivation in the present 
study, are commonly found as part of the microbiota of sev-
eral animals and humans [9, 11, 15], which supports the idea 
that they could work in co-culture. The results of antimi-
crobial activity obtained from their co-cultivation are sum-
marized in Table 3. As can be seen, when Ligilactobacillus 
salivarius and Limosilactobacillus reuteri were used in co-
culture, no inhibitory activity was observed against any of 
the bio-indicator strains. However, the results were improved 
when E. faecium was used in co-cultivation with the other 
strains. The best results were obtained by co-cultivation 
of E. faecium with Limosilactobacillus reuteri, especially 
against L. monocytogenes (400 AU/mL) and S. enterica 
(200 AU/mL). Binary culture of E. faecium with Ligilac-
tobacillus salivarius resulted in half of the antimicrobial 
activity against L. monocytogenes than the co-culture with 
Limosilactobacillus reuteri. Ternary culture of E. faecium, 
Limosilactobacillus reuteri, and Ligilactobacillus salivarius 
also gave lower (200 AU/mL) antimicrobial activity when 
compared to the binary culture of E. faecium and Limosi-
lactobacillus reuteri (400 AU/mL), and when comparing 
the ternary culture with the binary culture of E. faecium and 
Ligilactobacillus salivarius, both presented a similar antimi-
crobial activity (200 AU/mL). None of the tested co-cultures 
showed antimicrobial activity against S. Typhimurium.

Overall, the results obtained by co-cultures were less effi-
cient than the antimicrobial activities obtained by mono-
culture. This would suggest that the strains compete by the 

carbon source. As it is known that the biosynthesis of many 
bacteriocins is regulated by quorum-sensing trigger [45, 46], 
rather than presence of other species, the carbon compe-
tition may have prevented bacterial cells from reaching a 
critical number that would trigger bacteriocin production. 
In addition, the strain itself may produce compounds that 
interfere with the growth of the other strain such as organic 
acids and even BLIS [22]. L. reuteri INIA P579 and L. sali-
varius SMXD5, for example, are producers of bacteriocins 
[19, 41]. Similar to the results obtained in the present study, 
Giraffa et al. [47] also observed a decrease in the production 
of enterocin when E. faecium 7C5 (an enterocin producer 
strain) was used in co-culture with S. thermophilus and L. 
bulgaricus (generally used in the preparation of cheeses 
and yogurts). According to the authors, when these three 
strains are used directly for food production, they can pro-
duce organic acids, which are able to inhibit the growth of 
pathogenic strains such as L. monocytogenes and S. enterica. 
Taking this into account, it is possible to conclude that if live 
strains were used in the present study instead of their BLIS, 
probably different results would have been obtained, since 
these strains are also able to produce organic acids [12] that 
have antimicrobial activity.

Molecular identification of enterocin genes 
in Enterococcus faecium 135

Analysis for molecular identification revealed that E. fae-
cium 135 presents structural genes for the enterocins A 
(136 bp), B (198 bp), P (86 bp), and Mundticin KS (379 bp), 
which are classified as class II bacteriocins [48, 49]. 
Enterocin P is the most prevalent in Enterococcus species, 
followed by enterocin A, whose production is usually associ-
ated to enterocin B. Those enterocins are known for the high 
activity against L. monocytogenes [33, 37, 49]. Mundticin 
KS is produced by E. mundti NFRI 7393, for example, and 
it is known to have action against L. monocytogenes and 
Clostridium botulinum [49].

Other studies have also reported that some species of 
Enterococcus have more than one enterocin gene in their 
structure [33, 37]. However, the presence of different genes 
does not imply the production of different bacteriocins or 
even the production of bacteriocins at all [49, 50]. Liu et al. 
[51], for example, purified two different enterocins produced 
by E. faecium LM-2 with proved action against pathogens 
such as L. monocytogenes and Staphylococcus aureus. In 
another study, Liu et al. [50] characterized two bacteriocins 
(Ent7A and Ent7B) produced by E. faecalis 710C, which 
had action against Clostridium sporogenes and L. mono-
cytogenes. The results obtained in the present study sug-
gest that probably some of these four enterocin genes could 
have been produced by E. faecium 135, due to the excel-
lent activity observed against L. monocytogenes. However, 

Table 3   Inhibitory activity of BLIS produced by the binary and ter-
nary cultures of E. faecium, L. salivarius, and L. reuteri against the 
bio-indicator strains L. monocytogenes, S. enterica, and S. Typhimu-
rium. Results are expressed in arbitrary units per mL (AU/mL)

Different letters in the same column mean statistically different values 
according to Tukey’s test (p < 0.05)

BLIS producing strains Bio-indicator strains

L. 
monocy-
togenes

S. enterica S. 
Typh-
imu-
rium

L. salivarius + L. reuteri - - -
E. faecium + L. reuteri 400 a 200 a -
E. faecium + L. salivarius 200 b - -
E. faecium + L. reuteri + L. sali-

varius
200 b - -

138 Brazilian Journal of Microbiology (2022) 53:131–141



1 3

purification of the BLIS is necessary to verify if some of 
these enterocins are being produced.

Conclusion

This study demonstrated that a newly isolated strain of Ente-
rococcus faecium 135 is able to produce BLIS with antimi-
crobial activity against L. monocytogenes and also against 
S. enterica and S. Typhimurium. In addition, the produced 
BLIS was stable under high temperatures (up to 90 °C) 
as well as in the presence of several salts and detergents 
used for purification purposes, and showed susceptibility to 
trypsin, which suggest a proteinaceous nature. The presence 
of four structural enterocin class II genes was confirmed, 
suggesting the production of some type of enterocin by E. 
faecium 135. Production of BLIS using monoculture of E. 
faecium 135 resulted in better antimicrobial activity com-
pared to the production by some co-cultures tested. How-
ever, further studies are needed to elucidate the behavior 
of this new strain when used in co-culture. Studies on the 
characterization of this BLIS, as well as on the purification 
of this molecule, would also give better indications on the 
properties of this BLIS or potential bacteriocin, which could 
be a promising molecule with great applicability’s in animal 
breeding, and process of the meat, preventing contamination 
for the most common foodborne pathogens.
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