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ABSTRACT 

 Enterococcal counts from cows mastitis milk reached 1.59 ± 0.2 (log10) CFU/mL in average. 

Isolated strains were allotted to the species Enterococcus faecium (PCR). The  average value 

of lactic acid in enterococci was 1.24 ± 0.11 mmol/L. Ent A gene was detected in all tested 

strains. Bacteriocin activity of enterococci lead to growth inhibition of L. monocytogenes 

P7562, CCM 4699 and E. faecalis EE5a by the qualitative method (inhibition zones 16-22 

mm). E. fecium EF21 was selected for partial purification of its bacteriocin substance. The 

partially purified substance 21 (PPB) showed activity 25 600 AU/mL against the principal 

indicator L. monocytogenes P7562 (by the quantitative method). Moreover, the growth of 

Staphylococcus aureus SA5 from mastitis milk was inhibited, L. monocytogenes CCM 4699 

and E. faecalis EE5a (6 400 AU/mL). PPB 21 is thermo-stable substance (activity 25 600 

AU/mL) and it was stable at -20 ºC even after 2 months storage (25 600 AU/mL). First 

production of bacteriocin by EF21 strain was detected after 2 h of its broth cultivation (200 

AU/mL); the highest activity was measured in its exponential growth phase of EF21 strain.  
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INTRODUCTION     

Mastitis represents the most economically 

important disease in dairy milk production 

worldwide. Among the most frequent 

agents causing mastitis are included 

Streptococcus uberis, Str. pyogenes, Str. 

agalactiae, Str. dysgalactiae, 

Staphylococcus aureus as well as some of 

coagulase-negative staphylococci [1, 2, 3]. 

Wagner et al. [4] reported also excretion of 

Listeria monocytogenes in a subclinical 
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case of mastitis. In addition, the species 

Enterococcus faecalis or E. faecium were 

detected among microbiota in cows mastitis 

milk [1]. Enterococci, especially the species 

E. faecium is known to produce 

antimicrobial active peptides-bacteriocins 

(mostly enterocins) which can inhibit the 

growth of more or less closely related 

bacteria [5, 6]. There are bacteriocins which 

can serve as the alternatives to antibiotics in 

prevention or treatment of mastitis. Up to 

now bacteriocin/lantibiotic lacticin 3147 

and nisin were experimentally applied to 

prevent mastitis [7]. Moreover, ubericin 

A produced by Streptococcus uberis E was 

described by Heng et al. [1] or uberolysin 

produced by Str. uberis 42 [8]. Our 

laboratory (Institute of Animal Physiology, 

Slovak Academy of Sciences, Košice, 

Slovakia) has been focused on bacteriocin 

(enterocin) studies since 1993 year. Many 

enterocins produced by E. faecium strains 

of different origin were characterized and 

applied in different environments such as 

food, food-producing or companian animals 

with beneficial [9, 10, 11, 12]. Following 

our studies, the aim of this study was to 

check bacteriocin active enterococci 

isolated from cows mastitis milk (from 

herds in Slovakia) to select the candidate 

strain for further detail studies. 

MATERIALS  AND  METHODS 

Samples treatment, bacteria 

identification, lactic acid estimation 

The isolates originated from 138 milk 

samples of 69 cows from different herds in 

Slovakia. Sampling was provided following 

the Guide for the Care of the Animals with 

acceptation of farmers and Slovak 

Veterinary and Food Administration. 

Samples were treated by the standard 

microbiological method (ISO 7899, 

International Organization of 

Standardization); appropriate dilutions were 

plated onto the selective media: M-

Enterococcus agar (Becton and Dickinson, 

Cockeysville, USA) and Chromocult agar 

(Merck, Darmstadt, Germany). Plates were 

incubated in a 5 % gaseous (CO2/air) 

atmosphaere at 37 ºC for 48 h. Presumptive 

colonies were picked up, checked for purity 

and genotyped by PCR (Techgene KRD 

thermocycler Techne, United Kingdom); 

the sequence of the primer pairs of 

Enterococcus faecium was as follows: 5‘-

GCAAGGCTTCTTAGAGA-3‘ and 5‘-

CATCGTGTAAGCTAACTTC-3‘ [13]. 

Nine genotyped E. faecium strains were 

selected for the next analyses. 

Lactic acid production was tested by the 

spectrophotometric method based on the 

conversion of lactic acid to acetaldehyde by 

heat from sulfuric acid. Acetaldehyde reacts 

with p-hydroxybiphenyl forming colour 
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complex. The value of lactic acid is 

expressed in mmoL/L.  

Determination of Enterocins genes 

Before testing bacteriocin activity of 

selected strains, the presence of genes for 

enterocin (Ent) production was tested. 

Taking into account our previous 

knowledge concerning the detection of Ent 

genes [14], Ent A, P, B and L50B were 

checked. The sequences of the primer pairs 

used for PCR-amplification of the structural 

Ent A, P, L50B, B genes are listed in Table 

1. The reaction conditions for Ent 

A  included 5 min denaturation at 95 °C, 

followed by 30 cycles of 30 s at 95 °C, 30 

s at 58 °C, 30 s at 72 °C [15]; then by 5 min 

at 72 °C and a cool down to 4 °C. For Ent P, 

L50B and B, 56 °C  instead of 58 °C was 

used as the annealing temperature. 

Template (2 μL) was added to 8.75 μL of 

the reagent mixture which contained 0.5μL 

each of the primers, 1 μL of (10 mM) 

dNTPs, 1.5 μL of (5 mM) MgCl2, 5 μL of 

10 x reaction buffer, 0.25 μL of 1 U Taq 

polymerase (Invitrogen) and water to the 

total volume 50 μL. The sequences of the 

primer pairs used for PCR products were 

visualised by 2% agarose electrophoresis, 

containing 1 μg of ethidium bromide. 

Positive control strains for PCR reactions 

were E. faecium EK13= CCM7419 for Ent 

A (P) (9), E. faecium L50 strain for Ent 

L50B and B [16, 17, 18]. 

In vitro bacteriocin activity testing and 

partial purification of bacteriocin 

 Bacteriocin activity was tested by the 

qualitative method [19] against the 

indicator bacteria (Table 3). Inhibition of 

indicator bacteria was expressed as an 

average of the inhibition zones size in mm. 

Based on inhibion activity, E. faecium 

EF21 was selected for partial purification 

procedure. Partial purification followed the 

method previously described by Mareková 

et al. [9]. Briefly, 18 h culture of EF21 

strain in MRS broth (300 mL, Merck) was 

centrifuged (MR1812, Jouan, France) for 

30 min at 10, 000 g in order to remove the 

cells. After adjusting of the supernatant to 

pH 5.0 ammonium sulphate was added to 

the supernatant to obtain 40% (w/v) 

saturation. Mixture was stirred at 4 ºC for 

24 h. After centrifugation (10, 000 g for 30 

min), the pellet was resuspended in the 

minimal volume of sodium phosphate 

buffer (pH 6.5). The activity of PPB 21 was 

checked by the quantitative agar spot test 

[20] and expressed in Arbitrary units per 

mL (AU/mL); it responses to the highest 

dilution of PPB which inhibited the growth 

of indicator strains. There six principal 

indicator bacteria were used: E. avium EA5 

(our isolate from piglet), Listeria 

monocytogenes P2024, P7562 (Veterinary 

Institute, Olomouc, Czech Republic), 

CCM4699 (Czech Culture Collection of 
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Microorganisms, Brno, Czech Republic), E. 

faecium EF 9a, E. faecalis EE5a (our 

isolates from rabbits, Table 3). 

 Thermo- stability and molecular mass of 

PPB 

 PPB samples were exposed to heating 

under the different temperatures (30 ºC for 

1h, 2h, 60 ºC for 30 min, 1h, 80 ºC for 10, 

30 min, 100 ºC for 5, 10 min). To test the 

stability of  PPB during different storage 

conditions, PPB was stored at 20 ºC 

(laboratory temperature), 4 ºC and -20 ºC 

for 1, 2 weeks, 1, 2 months. The molecular 

mass of PPB was estimated by using 

Microcon YM-3 and YM-10 centrifugal 

filters (Amicon, Milipore Corporation, 

Bedford, Maryland, USA). Ultrafiltration 

with filters was carried out with 500 µL of 

PPB according to the instructures of 

manufacturers. After centrifugation, the 

filtrate and retentate were separated and 

tested by the agar spot test (the samples 

after heating and different storage as well) 

against the principal indicator strain L. 

monocytogenes P7562. Activity was 

expressed in AU/mL. 

Bacteriocin production during EF21 

strain growth 

E. faecium EF21 was grown in MRS  broth 

(Merck) in water bath with shaking (Julabo 

SW20, Germany). The growth of producer 

strain was checked by measuring the optical 

density (OD600, Specol 11, Jena, Germany) 

each 2-1 h, respectively and appropriate 

dilutions of samples were spread onto M-

Enterococcus agar (Becton and Dickinson) 

to enumerate growing cells. At the same 

time the samples were taken, centrifuged 

and concentrate (Concentrator plus, 

Eppendorf AG, Germany) to estimate the 

bacteriocin activity as former mentioned. 

Moreover, pH of samples was measured 

during EF21 strain growth (pH Meter 3310, 

Jenway, England). 

RESULTS  

Enterococcal counts in cows mastitis milk 

samples grown on M-Enterococcus agar 

and on Chromocult agar were detected in 

the same level 1.59 ± 0.2 (log10) CFU/mL 

in the average. Nine strains were allotted to 

the species E. faecium by PCR method 

(Table 2). The average value of lactic acid 

in enterococci was 1.24 ± 0.11 mmol/L. 

The strains from the same cow reached both, 

the highest (1.44 ± 0.0 mmol/L) and the 

lowest  (1.07± 0.0 mmo/L) values of LA 

(Table 2). 

 Ent A gene was detected in all tested 

strains. The other tested Ent genes were not 

present in our strains. Using the qualitative 

method for bacteriocin activity testing, the 

growth of L. monocytogenes P7562, CCM 

4699 was inhibited by all isolates 

(inhibition zones 16-22 mm) as well as the 

growth of E. faecalis EE 5a strain (18-20 

mm). However, by this method tested 
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strains did not show inhibition activity 

against E. avium EA5, E. faecium EF 9a as 

well as against L. monocytogenes P2024. E. 

faecium EF21 strain inhibited the growth of 

the indicators mentioned (inhibition zones 

22 mm); it was selected for partial 

purification of its antimicrobial substance. 

PPB of EF21 reached activity 25 600 

AU/mL against the principal indicator 

strain L. monocytogenes P7562 (tested by 

the quantitative method, Table 3). Target of 

36 indicator bacteria was used. The growth 

of SA5 strain (from mastitis milk) was 

inhibited as well as L. monocytogenes CCM 

4699 and E. faecalis EE 5a  with activity 6 

400 AU/mL. The growth of other 

staphylococci as well as Gram-negative 

strains up to now used were not inhibited. 

However, the best stability of PPB 21 was 

detected under storage at -20 ºC and 4ºC; 

after 2 months still activity 25 600 AU/mL 

was determined; the least stable was PPB 

21 at storage under laboratory temperature 

(Table 4). The great result is that PPB 21 

was active with the initial activity, i.e. 

25 600 AU/ml  under all temperatures from 

30 ºC up to 100 ºC  from 5 min up to 2 h. 

During growth of EF21 strain, the highest 

activity was detected in the exponential 

growth phase (12 800 AU/mL). First 

production of bacteriocin substance was 

noted after 2 h of EF21 strain cultivation 

(200 AU/mL, Table 5). The  molecular 

mass of PPB 21 is in the range 3-10 kDa. 

DISCUSSION 

 The enterococcal counts from cows 

mastitis milk on both media were the same; 

up to 102 CFU/mL. It seems, that both 

selective media were enough sensitive to 

enumerate enterococci. However, Miranda 

et al. [21] reported more reduced 

development of the species E. faecium 

observed on Chromocult enterococci agar; 

there poultry samples were checked. 

Enterococci did not represent the principal 

causative agents of mastitis; however, they 

have been detected among microbiota of 

mastitis milk [1].Their occurrence could be 

explained e.g. by the external 

contamination of teets (hygiene aspect). 

However, the presence of enterococci in 

milk can be beneficial because of their 

bacteriocin activity. Their antimicrobial, 

preventive effect can be graduated by both, 

by bacteriocin and/or by lactic acid 

produced by them. Ent A has belonged to 

the first sequenced bacteriocins-enterocins 

[15]. It is the most frequently detected Ent 

among the isolates of E. faecium species; 

e.g. among 368 strains of E. faecium of 

different origin, Ent A gene was found in 

155 [14]. Also De Vuyst et al. [22] reported 

the priority of Ent A gene occurrence in the 

collection of 426 Enterococcus strains. 

Those authors stated no relationship could 
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be established between the presence of Ent 

structural genes and the origin of the strain 

either. The majority of Ents characterized 

up to now are represented by small, thermo-

stable peptides [6]. Stability of bacteriocin 

substances is important factor at least from 

its application possibilities tools. For this 

reason, bacteriocin should be stable to 

improve its benefits. Therefore, stability of 

PPB 21 has indicated its for detail on 

molecular base established studies, but also 

for its further application. Based on our 

previous results with Ents applied in animal 

husbandry, they showed antimicrobial 

effect, but after their application increase of 

e.g. phagocytic activity was noted [23]. 

After Ent M application (produced by E. 

faecium AL41 strain of environmental 

origin), phagocytic activity was increased 

even 3 weeks after its cessation [23, 11]. 

Similarly, when Ent 4231 or Ent 7420 were 

applied [24, 11], the counts of clostridiae 

and coagulase-positive staphylococci were 

decreased. At present, there are limited 

groups which have worked with 

applications of Ents in animal husbandry 

and/or veterinary medicine. Up to know 

obtained results underline  a real benefits of 

Ents. Recently, a new enterocin T 

belonging to Class IIa enterocins was 

described [25] produced by Enterococcus 

sp. from broccoli. Our results indicate that 

enterocins have possessed capacity to be 

used in mastitis prevention or agents 

limitation; in spite of in situ analysed 

bacteriocins produced by real mastitis 

pathogens. Of course, the other studies and 

experiments have to be processed. 

In conclusion, bacteriocin active E. faecium 

strains (from 138 mastitis milk samples of 

69 cows in Slovak farms) were isolated. 

Selected strain E. faecium EF21 produces 

small, thermo-stable substance with the 

highest production (12 800 AU/mL) in the 

exponential growth phase. Partially purified 

bacteriocin (PPB21) reached even activity 

25 600 AU/mL against the indicator strain 

L. monocytogenes P 7562; against S. aureus 

SA5 activity was 6 400 AU/mL. The 

substance was active even after 2 months of 

storage at -20 ºC. Taking into account up to 

now obtained results, it could be probably 

belonged to Class II enterocins.  

ACKNOWLEDGEMENTS 

Results were achieved under financial 

support by the Agency for Science and 

Research Support-APVV, project 

ENZYBIO 0586-7. We are grateful to Dr. 

Juraj Elečko for milk sampling and 

transportation. 

REFERENCES  

[1] Heng NCK, Burtenshaw GA, Jack 

RW, Tagg JR. Ubericin A, a Class 

IIa      bacteriocin produced by 

Streptococcus uberis. Appl. Environ. 



Lauková A et al                                                                                                                       Research Article 
 

 
1191 

IJBPAS, June, 2016, 5(6) 

Microbiol.73, 2007,           7763-

7766. 

[2] Dos Santos Nascimento J, Netto dos 

Santos KR, Gentilini E, Sordelli D, 

Do Carmo de             Freie Bastos 

M. Phenotypic and genetic 

characterization of bacteriocin-

producing            strains of 

Staphylococcus aureus involved in 

bovine mastitis. Vet. Microbiol., 85,            

2002,133-144. 

[3] Dos Santos Nascimento J, Fagundes 

PC, Vasconcelos de Piva Brito MA, 

Netto dos           Santos KR, Do 

Carmo de Freie Bastos M. 

Production of bacteriocins bz 

coagulase-           negative 

staphylococci involved in bovine 

mastitis. Vet. Microbiol., 106, 2005, 

61-71. 

[4] Wagner M, Podstatzky-Lichenstein 

L, Lehner A, Asperger H, 

Baumargtner W, Brandl            E. 

Prolonged excretion of Listeria 

monocytogenes in a subclinical case 

of mastitis.             

Milkwissenschaft, 55, 2000, 3-6. 

[5] Franz CH MAP, van Belkum MJ, 

Holzapfel WH, Abriouel H, Gálvez 

A.            Diversity of enterococcal 

bacteriocins and their grouping in 

a new classification             scheme.  

FEMS Microbiol. Rev., 31, 2007, 

293-310. 

[6] Nes IF, Diep DB, Ike Y: 

Enterococcal bacteriocins and 

antimicrobial proteins             that 

contribute to niche control. 

Enterococci from commensals to 

leading of drug             resistant  

infection 2014; 1-

34 .http://creativecommons.org/lice

nses/by-nc-nd/4.0/. 

[7] Cao LT, Wu JQ, Xie F, Hu SH, Mo 

Y. Efficacy of nisin in treatment of 

clinical         mastitis in lactating 

dairy cows. J. Dairy Sci., 90, 2007, 

3980-3985. 

[8] Wirawan RE, Swanson KM, 

Kleffmann T, Jack RW, Tagg JR. 

Uberolysin: a           novel cyclic 

bacteriocin produced by 

Streptococcus uberis. Microbiology 

2007; 153:          1619-1630. 

[9] Mareková  M, Lauková  A,  De 

Vuyst  L, Skaugen  M, Nes IF. 

Partial            characterization of 

bacteriocins produced by 

environmental strain Enterococcus              

faecium EK13. J. Appl. Microbiol., 

94, 2003, 523-530. 

[10] Mareková M,  Lauková  A,  

Skaugen  M., Nes ,IF. Isolation 

and characterization of a new 

bacteriocin, termed enterocin M, 

http://creativecommons.org/lice


Lauková A et al                                                                                                                       Research Article 
 

 
1192 

IJBPAS, June, 2016, 5(6) 

produced by environmental isolate 

Enterococcus faecium AL41. J. Ind. 

Microbiol. Biotechnol., 34, 2007, 

533-537. 

[11] Lauková  A, Turek P, Mareková  

M, Nagy  J. Use of ent M, new 

variant of ent   P to control Listeria 

innocua in experimentally 

contaminated Gombasek sausage. 

Arch. Lebensmittelhyg., 54, 2003, 

25-48. 

[12] Pogány Simonová M, Lauková A, 

Chrastinová Ľ, Plachá I, 

Strompfová V, Čobanová K, 

Formelová Z, Chrenková M: 

Combined administration of 

bacteriocin-producing, probiotic 

strain Enterococcus faecium 

CCM7420 with Eleutherococcus 

senticosus and their effect in 

rabbits. Polish J. Vet. Sci., 16, 

2013, 619-627. 

[13] Woodford N, Egelton MC, 

Morrison D.  Comparison of PCR 

with phenotypic             methods 

for the speciation of enterococci. 

Plenum Press New York 1997,  47, 

405-             409. 

[14] Strompfová V, Lauková A, 

Simonová M, Marciňáková M. 

Occurrence of the           structural 

enterocin A, P, B, L50B genes in 

enterococci of different origin. Vet.           

Microbiol., 132, 2008, 293-301. 

[15] Aymerich, T., Holo, H., Havarstain, 

L.S., Hugas, M., Garriga, M., Nes, 

I.F.            Biochemical and 

genetic characterization of 

enterocin A from Enterococcus 

faecium,            a new antilisterial 

bacteriocin in the pediocin family 

of bacteriocins. Appl. Environ.            

Microbiol. 62, 1996, 1676-1682. 

[16] Cintas LM, Casaus P, Holo H, 

Hernandez PE, Nes IF, Havarstein 

LS. Enterocins L50A  and L50B, 

two novel bacteriocins from 

Enterococcus faecium L50 are  

related to  staphylococcal 

haemolysins. J. Bacteriol.,180, 

1998, 1988-1994. 

[17] Cintas LM, Casaus P, Havarstain 

LV, Hernandez PE, Nes IF 

Biochemical and genetic 

characterization of enterocin P, 

a novel sec-dependent bacteriocin 

from Enterococcus faecium P13 

with a broad antimicrobial 

spectrum.  Appl. Environ.  

Microbiol., 63, 1997, 4321-4330. 

[18] Casaus P, Nilsen T, Cintas LM, 

Nes IF, Hernandez PE, Holo H.  

Enterocin B, a new bacteriocin 

from Enterococcus faecium T136 

which can act  synergistically with 



Lauková A et al                                                                                                                       Research Article 
 

 
1193 

IJBPAS, June, 2016, 5(6) 

enterocin A. Microbiology, 143, 

1997, 2287-2294.                                                     

[19] Skalka B, Pillich J, Pospíšil L. 

Further observations on 

Corynebacterium renale as an 

indicator organism in the detection 

of exfoliation-positive strains of            

Staphylococcus aureus. Zbl. 

Bakteriol. Hyg., A256, 1983, 168-

174. 

[20] De Vuyst L, Callewaert R, Pot B. 

Characterization of antagonistic 

activity of            Lactobacillus 

amylovorus DCE471 and large-

scale isolation of its bacteriocin            

amylovorin L471. Syst. Appl. 

Microbiol., 19, 1996, 9-20. 

[21] Miranda JM, Franco CM, Vázquéz 

BI, Fente CA, Barros-Velázquéz J, 

Cepeda A. Evaluation of 

Chromocult enterococci agar for 

the isolation and selective 

enumeration of Enterococcus spp. 

in broilers. Lett. Appl. Microbiol., 

41, 2005, 153-156. 

[22] De Vuyst L, Foulquié-Moreno MR, 

Revets H. Screening for enterocins 

and           detection of hemolysin 

and vancomycin resistance in 

enterococci of different origins.       

Int.  J. Food Microbiol., 84, 2003, 

299-318. 

[23] Lauková A, Chrastinová Ľ, Pogány 

Simonová M, Strompfová V, 

Plachá I, Čobanová K, Formelová 

Z, Chrenková M, Ondruška Ľ. 

Enterococcus faecium AL41, its 

Enterocin M and their beneficial 

use in rabbits husbandry. Prob. 

Antimicrob.            Proteins,4, 

2012, 243-249.  DOI:  

10.1007/s12602-012-9118-7. 

[24] Szabóová R, Lauková A, 

Chrastinová Ľ, Strompfová V, 

Pogány Simonová M,            

Vasilková Z, Čobanová K, Plachá 

I, Chrenková M. Effect of 

combined administration            of 

enterocin 4231 and sage in rabbits. 

Polish J. Vet. Sci., 14, 2011, 359-

366. 

[25] Chen TY, Yu CR, Ji SH, Liou MS, 

Leong KH, Pau SF, Yu HC, Lin 

YH, Yu B,            Yanagida F. 

Enterocin T, a novel class IIa 

bacteriocin produced by 

Enterococcus sp.             812. Arch. 

Microbiol., 195, 2013, 655-660. 
 
 
 
 
 
 
 
 
 



Lauková A et al                                                                                                                       Research Article 
 

 
1194 

IJBPAS, June, 2016, 5(6) 

Table 1:  The sequences of the primer pairs used for PCR-amplification of the structural genes 
Enterocins genes 

Ent A         F  5' – GGT ACC ACT CAT AGT GGA AA - 3' 
R 5' – CCC TGG AAT TGC TCC ACC TAA - 3'   (Aymerich et al. 1996) 

Ent P        F 5' – GCT ACG CGT TCA TAT GGT AAT-3' 
R 5' – TCC TGC AAT ATT CTC TTT AGC - 3'        (Cintas et al. 1997) 

EntL50B   F 5' – ATG GGA GCA ATC GCA AAA TTA - 3' 
R 5' – TAG CCA TTT TTC AAT TTG ATC - 3'         (Cintas et al. 1998) 

Ent B       F 5' – CAA AAT GTA AAA GAA TTA AGA TCG - 3' 
R 5' –AGA GTA TAC ATT TGC  TAA CCC - 3'     (Casaus  et al. 1997) 

 
Table 2: The strains of Enterococcus faecium, Enterocin genes and lactic acid values 

Strain Ent A Ent P Ent B EntL50B Lactic acid* 
EF21 + - - - 1.29 ± 0.08 
EF31 + - - - 1.39 ± 0.06 
EF41 + - - - 1.37 ± 0.03 
EF61 + - - - 1.29 ± 0.03 
EF101 nt nt nt nt 1.44 ± 0.00 
EF102 + - - - 1.07 ± 0.07 
EF62 + - - - 1.17 ± 0.25 

EF1111 nt nt nt nt 1.09 ± 0.02 
EF34/PZ nt nt nt nt 1.06 ± 0.03 

Enterococcus faecium; Lactic acid was expressed in mmol/L ± SD; nt: not tested; +:presence of Ent gene; -:absence of 
Ent gene 

 
Table 3:  Indicator strains used in the quantitative bacteriocin method to test activity of PPB 21 

Indicator  
P7562 25 600 AU/mL 
P2024 - 

CCM4699 6 400 AU/mL 
E. faecalis 5a 6 400 AU/mL 
S. aureus SA5 6 400 AU/mL 

Listeria monocytogenes; E. avium  EA5 was not inhibited, S. aureus – 4, S. epidermidis – 6 strains, S. warneri-10 strains 
from meat manufactures,  Enterococcus faecium EF9a from faeces of rabbits; Salmonella sp. – 10 strians from faeces 

of rabbits were not inhibited by PPB 21. 
 

Table 4:   Activity of PPB 21 under different temperatures during different storage 
PPB21 LT 4 ºC -20ºC 

1w 6 400 12 800 25 600 
2ws 1 600 12 800 25 600 
1m 400 6 400 25 600 
2ms 400 6 400 25 600 

PPB-partially purified substance, LT-laboratory temperature; Activity is expressed in AU/mL; w, ws: week, weeks; m, 
ms:month, months; 

Table 5: Bacteriocin production by E. faecium EF21 strain during its growth in MRS broth 
 0h 2h 4h 6h 8h 10h 11h 24h 

pH 6.57 6.55 6.37 5.35 4.94 4.77 4.73 4.48 
OD600 0.069 0.070 0.158 1.047 1.257 1.270 1.274 1.260 
CFU 4.57 5.53 7.07 8.09 8.40 9.20 9.36 9.39 
BA 0 200 800 1 600 3 200 6 400 12 800 12 800 

BA:Bacteriocin activity expressed in AU/mL; CFU:bacterial counts expressed in colony forming unit per mL; OD600 : 
optical density at 600 nm; 

 
 
 
 
 
 


