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Abstract The aim of this study was to test the antibac-

terial activity of Bacillus subtilis TR50 isolated from a

traditional cured sausage against ten food-borne pathogenic

bacteria. Most of the pathogens were sensitive to cell-free

concentrated supernatant from TR50. The inhibitory

activity was retained at pH values between 4 and 8, up to

80 �C for 30 min and after treatment with pepsin and

trypsin, whereas it disappeared after chymotrypsin hydro-

lysis; lipase treatment abolished inhibitory activity only

against one target strain. The ammonium sulphate precip-

itation of TR50 concentrated cell-free culture retained the

most residual antibacterial activity unlike the ethyl acetate

and acid fractions. All these results suggest that the anti-

microbial compound(s) produced by TR50 could be of

proteinaceous nature and require a lipid moiety for activity

against the pathogens tested. This is the first report on the

antimicrobial activity against food-borne pathogens of a

B. subtilis strain occurring in a traditional sausage poten-

tially useful for food safety improvement.
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Abbreviations

PDB/CFS TR50 20-fold concentrated cell-free

supernatant from PDB culture

PCB/CFS TR50 20-fold concentrated cell-free

supernatant from PCB medium culture

TSB/CFS TR50 20-fold concentrated cell-free

supernatant from TSB medium culture

MH/CFS TR50 20-fold concentrated cell-free

supernatant from MH medium culture

BHI/CFS TR50 20-fold concentrated cell-free

supernatant from BHI medium culture

MRS/CFS TR50 20-fold concentrated cell-free

supernatant from MRS medium culture

WF/CFS TR50 20-fold concentrated cell-free

supernatant from WF medium culture

7-CFS TR50 20-fold concentrated cell-free

supernatant from 7 days PDB medium culture

Introduction

More than 250 food-borne diseases caused by bacteria,

viruses and parasites, whose most common effects are

nausea, vomiting, abdominal cramps and diarrhoea, have

so far been described.

Every year nearly 10% of the worldwide population is

affected by food-borne illnesses [1] even though fatal cases

of food-borne diseases are a rare event in industrialized

countries.

In recent years, campylobacteriosis, salmonellosis, lis-

teriosis and clinical diseases associated with enter-

ohaemorragic Escherichia coli strains represented the most

common food-borne infections in the United States (Centre

for Disease Control, http://www.cdc.gov).

As a consequence of treating food-borne gastrointestinal

illnesses with antimicrobial agents, many food pathogens,

such as Campylobacter spp., Salmonella spp. or Listeria

monocytogenes, have acquired antibiotic resistances towards

fluoroquinolones, ceftriaxone, ampicillin and gentamycin,
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respectively [2–4]. Continuing efforts are being made by

research and pharmaceutical industry sectors in order to

identify new molecules with antibiotic action which bypass

the mechanisms of antibiotic resistance. The increasing

incidence of some meat-borne pathogens such as E. coli

O157, L. monocytogenes, Salmonella typhimurium, Bacillus

cereus and Aeromonas spp. underlines the importance of

controlling these microfloras in meat-based foods [5].

The Bacillus genus has been widely used for the pro-

duction of antibiotics as well as several extracellular

enzymes. One of the most interesting biotechnological

applications of some Bacillus strains is their ability to

prevent and control human gastrointestinal disorders [6].

Part of the beneficial effect claimed for Bacillus in probi-

otic and pharmaceutical preparations is associated with the

production of some metabolites useful in improving

intestinal microbial balance, as well as with the reduction

in viable pathogen cells and their toxin production [7].

The species belonging to this taxon produce bacteriocins

and bacteriocin-like inhibitory substances (BLIS) that

exhibit a broad antimicrobial activity and prevent the

polymerization of carbohydrates in peptidoglycan. In

addition to bacteriocins, Bacillus produces cyclic peptides

and lipopeptides that interact with membrane lipids to form

a pore causing cellular leakage [8, 9].

Other antibiotics with low molecular weights and differ-

ent chemical structures are produced by Bacillus strains such

as bacilysocin, bacilysin and the amicoumacins [10, 11].

B. subtilis TR50, isolated in 2003 from the natural

microflora of an artisanal sausage produced in Southern

Italy [12], survived the sausage manufacturing and curing

process. TR50, together with other Bacillus strains, pro-

duced high levels of proteolytic and lipolytic activities. Its

technological properties suggest that it could play a role in

the development of texture and organoleptic characteristics

in this sausage. In addition, TR50 lacks genes codifying

B. cereus’s toxins [13].

This paper reports on the characterization of antimi-

crobial activity of B. subtilis TR50 against ten of the most

widespread food-borne bacteria.

Materials and methods

Microorganisms and culture conditions

Bacterial strain TR50, isolated from natural microflora of a

traditional sausage produced in Southern Italy, was iden-

tified as Bacillus subtilis, as reported by Baruzzi et al. [12].

B. subtilis TR50 was inoculated in tryptone soya broth

(TSB), containing 0.5% glucose and incubated overnight at

30 �C in an orbital shaker at 130 rpm, under aerobic

conditions.

Bacterial cultures, used as indicator strains for assessing

the inhibitory activity of TR50, were grown overnight

under aerobic conditions, as shown in Table 1.

All cultures were maintained as frozen glycerol stocks at

-20 �C until required. All media and supplements were

purchased from Oxoid Ltd (Basingstoke, Hampshire,

United Kingdom), except PDB, purchased from Voigt

Global distribution Inc. (DIFCO, Lawrence, KS, USA).

Drugs and chemicals, where not otherwise specified,

were from Sigma–Aldrich (St Louis, MO, USA).

TR50 growth and antibacterial compound production

in different media

B. subtilis TR50 growth and antibacterial compound pro-

duction were evaluated in seven different synthetic media

after 3 days of incubation. Two millilitres of TR50 over-

night culture in TSB were inoculated in 100 ml of the

following synthetic media: plate count broth (PCB), brain

heart infusion (BHI), Mueller Hilton (MH), tryptone soya

broth (TSB), de Man, Rogosa and Sharpe (MRS), potato

dextrose broth (PDB) and Fred Waksman Basic 77 broth

(WF) [14]. The cultures were incubated for 3 days at 30 �C

on a rotary shaker (175 rpm). Total counts, constituted by

vegetative cells and spores, were assessed after 3 days of

incubation by plating them onto PDA by the standard serial

dilution method. Spore counts were obtained by plating

microbial growth after heat treatment (10 min at 85 �C).

The experiments were performed in triplicate.

One millilitre of cell-free supernatant from each culture

was centrifuged (9,000 9 g for 20 min at 4 �C), filtered with

0.22-lm syringe cellulose acetate filters (Whatman Interna-

tional Ltd, Springfield Mill, James Whatman Way, Maid-

stone, Kent, UK), freeze-dried and concentrated 20-fold with

ultrapure MilliQ water (Millipore, Marlborough, MA, USA).

These samples were designated as ‘‘name of medium’’/CFS.

All samples were stored at -80 �C. The concentrated

supernatants were assayed for their antibacterial activity by

the disc diffusion test, following the British Society for

Antimicrobial Chemotherapy guidelines, recently updated

[15]. Halos without growth around discs were digitally

acquired as areas (mm2) by the ChemiDoc System (Bio-Rad

Laboratories S.r.l., Milan, Italy) and processed using the

Quantity One 4.3.1 software (Bio-Rad). Each sample was

tested in triplicate together with the respective uninoculated

20-fold concentrated culture medium. Based on the results

obtained in the above-mentioned experiments, TR50 was

grown in PDB medium for further analyses.

b-haemolytic activity evaluation

The b-haemolytic activity, exhibited by B. subtilis TR50

cells, washed in phosphate saline buffer, as well as by
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209 cell-free supernatants from PDB, BHI and TSB

(soaked onto sterile discs), was evaluated in triplicate on

tryptone soya agar plates containing 5% defibrinated sheep

blood, after incubation at 30 �C for 48 h. 20-fold concen-

trated uninoculated media were used as negative controls

whereas B. cereus DSM4312 and B. cereus DSM4313 were

used as positive controls. The presence of green or clear

halos was related to haemolytic activity.

Growth and antimicrobial activity of Bacillus subtilis

TR50 in PDB

B. subtilis TR50 cells, grown overnight in TSB at 30 �C,

were used for inoculation in triplicate in 200 ml of PDB

(2% of inoculum) contained in one-litre flasks. Flasks were

incubated at 30 �C in an orbital shaker at 60 rpm up to

9 days. Three millilitres of microbial culture was with-

drawn from each flask at a defined time in order to evaluate

the microbial counts and antibacterial activity of each cell-

free supernatant, as reported above in the paragraph ‘‘TR50

growth and antibacterial compound production in different

media’’.

Stability to heat treatments, pH and enzymatic

hydrolyses

The antibacterial activity of cell-free supernatant from

7 days of PDB culture, concentrated 20-fold (7-CFS), was

evaluated after heat treatment, incubation at different pH

values and extended hydrolysis with different enzymes.

Tests were carried out in triplicate against the A. hydro-

phila DSM30187, B.cereus DSM4313 and Staphylococcus

aureus NCTC8325 indicator strains by the disc diffusion

assay described above.

The ability of 7-CFS to retain antimicrobial activity was

assessed by incubating the sample in a water bath at dif-

ferent temperatures (40–100 �C) for 30 min. The stability

of CFS to the sterilization process was tested by autoclave

(120 �C for 30 min).

One millilitre of 7-CFS was freeze-dried and dissolved

in the appropriate 100 mM sodium citrate/phosphate buf-

fers in order to obtain pH values from 3.0 to 8.0 or dis-

solved in 100 mM Trizma base solution to reach pH 9.0

and 10.0. Samples were incubated at 37� C for 24 h.

The 7-CFS was treated with six different enzymes

(pepsin, proteinase K, trypsin, chymotrypsin, lipase and

proteinase E) for 24 h, as described by Sutyak et al. [16].

Appropriate buffers or media without 7-CFS were used

as negative controls.

Extraction and concentration of inhibitory molecules

In order to develop a procedure for fast and efficient

extraction and purification of active compounds from

concentrated cell-free TR50 culture (7-CFS), three differ-

ent extractions were carried out.

Two hundred millilitres of fivefold concentrated cell-

free TR50 culture was extracted 3 times with an equal

volume of ethyl acetate (HPLC grade, Carlo Erba Reagenti

SpA, Rodano, Italy) according to the method of Han et al.

[17], previously validated for the purification of iturin A

and macrolactin A from Bacillus spp. The ethyl acetate

extract was pooled and evaporated to dryness under vac-

uum at 40 �C on rotavapor (Postfach, Switzerland). The

dried extract was dissolved in 50 ml of methanol to reach a

final concentration of 20-fold (EA fraction) in comparison

with the original volume of cell-free TR50 culture. The

remaining water phase was heated at 40 �C for 30 min to

remove ethyl acetate residues, freeze-dried and concen-

trated 20-fold with ultrapure MilliQ water (water phase

fraction).

Two hundred millilitres of 7-CFS was acidified to pH

2.0, by adding 3 N HCl and precipitated at 4 �C according

to the instructions of Kim et al. [18] for lipopeptides. The

Table 1 Origin and incubation conditions of indicator strains

Reference strain Medium Conditions Source

Bacillus cereus DSM4312 TSB 30 �C/60 rpm Deutsche Sammlung von Mikroorganismen

und Zellkulturen, Bramischweig, GermanyB. cereus DSM4313

Aeromonas hydrophila DSM30187 NB 37 �C/150 rpm

Listeria monocytogenes DSM20600 BHI 37 �C/150 rpm

Yersinia enterocolitica DSM4780

Enterococcus faecalis V583 (ATCC700802) BHI 37 �C American type culture collection, LGC standards,

Middlesex, United KingdomEscherichia coli ATCC35401 NB 37 �C/150 rpm

Helicobacter pylori ATCC43504

Salmonella enterica ATCC13311

Staphylococcus aureus NCTC8325 BHI 37 �C/150 rpm National collection of type cultures, Salisbury,

United Kingdom
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resulting pellet was suspended in 10 ml of 25 mM phos-

phate buffer pH 7 (pH 2 fraction).

Ten millilitres of 7-CFS was also precipitated with

ammonium sulphate at 55% saturation, as described by

Zheng and Slavik [19] for bacteriocins. The pellet was

suspended in the same buffer (AS fraction).

The three fractions (EA, pH 2 and AS) were stored at

-20 �C.

The 7-CFS and the three above-mentioned fractions

were evaluated in triplicate trials for their inhibitory

activity against the indicator strains listed in Table 1 by the

disc diffusion assay.

Results and discussion

The experiments described in this paper were designed to

achieve a preliminary understanding of the production,

antimicrobial activity and chemical nature of compounds

by B. subtilis TR50. The production of these compounds

was tested in seven different media (BHI, MH, MRS, PCB,

PDB, TSB and WF), and the resulting cultures were

checked for their inhibitory activity against the food-borne

pathogens listed in Table 1.

After 3 days of growth, B. subtilis TR50 total counts in

TSB, BHI and PDB broths were made up almost entirely

by spores (6.0 log CFU/ml, 5.1 log CFU/ml and 4.9 log

CFU/ml, respectively), whereas higher ratios of total viable

cells/spores were found in MH, WF and PCB broth cul-

tures, suggesting a prolongation of generation time. Very

low cell and spore loads were found in MRS broth unlike

high biomass concentration displayed by B. cereus 8A

under the same conditions [20].

The cell-free filtrates TSB/CFS and BHI/CFS showed

antibacterial activity against all ten food-borne pathogenic

strains, whereas PDB/CFS inhibited all pathogens except

Enterococcus faecalis V583. Furthermore, the cell-free

filtrates WF/CFS and MH/CFS inhibited at high extent only

Helicobacter pylori ATCC43504 (inhibition halos 286 and

126 mm2, on average, respectively) and L. monocytogenes

DSM20600 (halos 226 and 126 mm2, on average, respec-

tively); by contrast, PCB/CFS inhibited mostly Yersinia

enterocolitica DSM4780 and H. pylori ATCC43504

(95 mm2 inhibition halos, on average). As expected, no

halos were produced by MRS/CFS on lawn of all indicator

strains.

Our results indicate that the antibacterial activity of

TR50 was greatly influenced by the cultivation media, as

previously reported [20, 21]. Furthermore, although the

highest viable cell counts of TR50 were found after 3 days

of cultivation in MH, PCB and WF media, few pathogenic

strains were inhibited by the respective cell-free filtrates of

these cultures. On the other hand, BHI, PDB and TSB

media showed higher TR50 spore counts and a stronger

antibacterial activity. Other Authors related the production

of heat-resistant spores by B. subtilis 168 to the increase in

antibacterial activity [10]. Moreover, it was reported that

different media and culture conditions may induce the

production of different active compounds affecting the

final antimicrobial activity [20–22].

BHI/CFS, TSB/CFS and PDB/CFS were also tested for

b-haemolytic activity onto defibrinated sheep blood agar

plates in order to exclude the possibility that in these

media, TR50 could produce virulence factors. Both

B. subtilis TR50 cells and concentrated cell-free superna-

tants of the above media did not show any halos related to

haemolytic activity.

Although concentrated TSB/CFS and BHI/CFS gave

high antibacterial activities, the PDB medium, previously

used for the production of antimicrobial compounds by

Bacillus strains [23], was preferred in the subsequent

analyses of characterization of TR50 antimicrobial activity

due to its simple chemical formulation (low peptide

content).

In order to maximize antimicrobial metabolite(s) con-

centration, B. subtilis TR50 was incubated in PDB at 30 �C

for 9 days. After the early phase of adaptation, total cell

counts reached 7.6 log CFU/ml at day three remaining

stable up to the end of the experiment. Spore counts

increased steadily till the seventh day when total cell loads

were made up almost exclusively of spores, accounting for

7.3 log CFU/ml (Fig. 1a), value also recorded on day nine.

The inhibitory activity of PDB/CFS filtrates arising from

TR50 cultures in PDB throughout 7 days was also evalu-

ated against the target bacteria listed in Table 1. Overall,

two different inhibition patterns (A and B) were observed.

In pattern A, including S. aureus NCTC8325, Y. entero-

colitica DSM4780, E. coli ATCC35401 and A. hydrophila

DSM30187, the areas of the inhibition halos increased

depending on the duration of TR50 incubation, whereas the

remaining indicator strains, belonging to the pattern B,

displayed inhibition halos that were stable over the time. A

representative example of each inhibition pattern is shown

in Fig. 1b.

The relationship between inhibitory activity and the

increase in spore counts has previously been demonstrated

for many antibiotics from Bacillus spp. [10, 21, 22],

although other antimicrobial Bacillus metabolites drew

inhibitions similar to TR50 pattern B against their target

strains [24, 25].

The results of inhibitory activities recorded over 9 days

of incubation led us to carry out a preliminary character-

ization of the nature of the active compounds released by

B. subtilis TR50 after 7 days of growth in PDB (7-CFS).

The residual antibacterial activity of 7-CFS after heat

treatment, incubation at different pH values and enzymes is
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shown in Table 2. Unlikely other Authors, that used a single

target strain for antimicrobial compound characterization

[21, 26], we tested treated 7-CFS against one gram-negative

and one gram-positive strains displaying the inhibition

pattern A and one gram-positive endospore-forming bac-

terium grouped under the pattern B. So far to our knowl-

edge, no studies checked the residual activity of Bacillus

active compounds after physical–chemical treatments

against the indicator strains shown in Table 2.

Hydrolysis of 7-CFS by means of chymotrypsin and

proteinase K dramatically reduced its antimicrobial activity

against all the tested strains suggesting the possible pro-

teinaceous nature of compound(s) produced by B. subtilis

TR50. Moreover, lipase completely reduced the activity of

TR50 supernatant only against A. hydrophila DSM30187

and this result leads to suppose that the antibacterial

compound(s) could have a lipid moiety involved in its

antibacterial activity as previously reported by Yakimov

et al. [27] for the lipopetide lichenysin A. Since the treat-

ment with lipase modified at different extents the anti-

bacterial activities of CFS against the three indicator strains

used, we assume that CFS contains at least two different

compounds. This hypothesis is also strengthened by the

finding of two inhibition patterns (Fig. 1b).

Other Authors reported the simultaneous production of

different antimicrobial compounds by the same B. subtilis

strain in which peptide antibiotics represent the predomi-

nant class [14, 19, 24]. The slight loss of activity against

S. aureus NCTC8325 displayed by 7-CFS, exposed to

lipase, could indicate that compounds inhibiting this strain

do not present lipid moiety necessary for its biological

activity, as previously reported by Tabbene et al. [25] for

methicillin-resistant S. aureus strains. Furthermore, the

relative resistance of S. aureus NCTC8325 to 7-CFS trea-

ted with pepsin and pronase E could be due to the presence

of N- and/or C-terminally blocked peptides in one of the

possible compounds released by TR50 or to the presence of

uncommon amino acids [28].

At pH values between 3 and 8, 7-CFS retained almost

50% of its antimicrobial activity, expressing the highest

inhibitory activity at pH 7; outside that range, inhibitory

activity was reduced (Table 2) in accordance with other

results obtained in B. licheniformis by Mendo et al. [29].

The residual activity after heat treatment resulted to be

temperature dependent. The antibacterial activity was

rather stable when TR50 cell-free supernatant was

incubated up to 60 �C for 30 min, whereas it reduced

after treatment at temperatures higher than 80 �C

(Table 2). Bizani and Brandelli [28] reported that the

lipopeptides (fengycin, iturins ecc.,) also resulted scar-

cely stable to treatments at high temperature and pH

values.

Following the hypothesis of the occurrence of some

antimicrobial compounds in 7-CFS, three different tech-

niques, widely used for purifying antimicrobials from

Bacillus spp. [17–19], were applied for the extraction of

metabolites produced by TR50.

Table 3 shows the residual activity of the fractions (EA,

AS and pH 2), obtained by the extraction of 7-CFS with

ethyl acetate, ammonium sulphate and acidification to pH 2,

respectively.

The EA fraction retained on average only 33% of the

activity shown by 7-CFS, whereas the respective water

phase resulted completely inactive (Table 3).

The pH 2 fraction produced a weak antimicrobial

activity only against B. cereus DSM4312 and B. cereus

DSM4313, although several Authors have used acidifi-

cation by HCl for the extraction of surfactins active

against many gram-positive and gram-negative bacteria

[30].

Fig. 1 B. subtilis TR50 grown in PDB at 30 �C (60 rpm; a) and

antibacterial activity of its 20-fold concentrated filtrates against

S. aureus NCTC6325 (pattern A) and H. pylori ATCC43504 (pattern B)

thorough 7 days (b), a bars represent means (± standard deviation,

N = 3) of total cell and spore counts, respectively, b the values

represent the means (± standard deviation, N = 3) of halo areas

calculated by subtracting the disc surface area
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The AS fraction was active against eight out of ten

indicator strains, preserving on average 62% of its initial

inhibitory activity (Table 3). This finding is in accordance

with the results of Zheng and Slavik [19], reporting that the

inhibitory activity of a lipopeptide from B. subtilis 22 was

maintained by concentrating its cell-free supernatant 100-

fold after ammonium sulphate precipitation. These Authors

supposed the presence of different inhibitory substances

only partially evidenced by SDS–PAGE and isoelectric

focusing gel electrophoresis. The sensitivity of Y. entero-

colitica DSM4780 against different fractions of 7-CFS also

supports the hypothesis of a co-occurrence of more active

compounds produced by B. subtilis TR50.

In conclusion, this is the first report on the antimicrobial

activity against ten widespread food-borne pathogens of a

B. subtilis strain occurring in a traditional sausage. This

finding confirms the importance of preserving food

microbial biodiversity. The antibacterial activity seemed to

be related to at least two antimicrobial compounds that

showed no haemolytic activity and for whose identification

studies are in course. TR50 metabolites were stable at

different heat and enzyme treatments and active over a

wide pH range, thus suggesting they could be applied

during processing for food safety improvement.

The ability of B. subtilis to shift its growth habit from

aerobic to anaerobic in the absence of oxygen but in the

presence of nitrate [31] allows B. subtilis strains to grow

under the microaerophilic conditions present in cured meat

foods in which nitrates are intentionally added.

The technological traits (proteolysis and lipolysis)

previously demonstrated for TR50 [12] and its broad

Table 2 Factors affecting antimicrobial activity of Bacillus subtilis
TR50 against B. cereus DSM4313, S. aureus NCTC8325 and

A. hydrophila DSM30187

Treatment Residual activity (%)a

B. cereus
DSM4313

S. aureus
NCTC8325

A. hydrophila
DSM30187

Enzymes

Lipase 19 62 0

Trypsin 18 41 41

Proteinase K 19 21 19

Chymotrypsin 5 5 0

Pepsin 18 75 40

Pronase E 5 58 22

Heat

40 �C/30 min 92 100 68

60 �C/30 min 85 65 93

80 �C/30 min 72 65 57

100 �C/30 min 45 30 0

120 �C/30 min 25 0 0

pH

3 80 70 75

4 80 100 70

5 100 100 75

6 100 100 90

7 100 85 100

8 80 50 60

9 80 0 40

10 80 0 20

a Residual activity, based on average ratio among inhibition areas,

compared with antimicrobial activity before treatment

Table 3 Inhibitory activity of fractions obtained by ethyl acetate (EA) extraction and ammonium sulphate (AS) and acid (pH 2) precipitations

7-CFS EA fraction AS fraction pH 2 fraction

Halos (mm2) Halos (mm2) Recoverya (%) Halos (mm2) Recoverya (%) Halos (mm2) Recoverya (%)

Gram positives

B. cereus DSM4312 40 ± 2 22 ± 1 55 32 ± 2 79 12 ± 1 30

B. cereus DSM4313 48 ± 2 18 ± 1 37 35 ± 2 74 10 ± 0 21

L. monocytogenes DSM20600 79 ± 2 30 ± 1 38 61 ± 2 78 0 0

S. aureus NCTC8325 312 ± 25 0 0 181 ± 7 58 0 0

Gram negatives

A. hydrophila DSM30187 200 ± 8 43 ± 2 22 130 ± 8 65 0 0

E. coli ATCC35401 126 ± 9 0 0 53 ± 4 42 0 0

H. pylori ATCC43504 158 ± 9 43 ± 3 27 53 ± 3 33 0 0

Salm. enterica ATCC13311 43 ± 2 0 0 12 ± 1 28 0 0

Y. enterocolitica DSM4780 210 ± 11 45 ± 3 21 0 0 0 0

The values represent means ± standard deviation (N = 3) of inhibition halos calculated by subtracting the disc surface area
a Recovery: per cent average ratio between antimicrobial activity of fractions and that of unextracted 7-CFS
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antibacterial activity make B. subtilis TR50 a novel can-

didate for improving the quality and safety of fermented

meat products.
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22. Oscáriz JC, Lasa I, Pisabarro AG (1999) Detection and charac-

terization of cerein 7, a new bacteriocin produced by Bacillus
cereus with a broad spectrum of activity. FEMS Microbiol Lett

178:337–341

23. Pinchuk I, Bressollier P, Verneuil B, Fenet B (2001) In vitro anti-

Helicobacter pylori activity of the probiotic strain Bacillus sub-
tilis 3 is due to secretion of antibiotics. Antimicrob Agents

Chemother 45:3156–3161

24. Mannanov RN, Sattarova RK (2001) Antibiotics produced by

Bacillus bacteria. Chem Nat Compd 37:117–123

25. Tabbene O, Ben SI, Bouabdallah F, Mangoni ML, Urdaci MC,

Limam F (2009) Production of anti-methicillin-resistant Staphy-
lococcus activity from Bacillus subtilis sp. strain B38 newly

isolated from soil. Appl Biochem Biotechnol 157:407–419

26. Leifert C, Li H, Chidburee S, Hampson S, Workman S, Sigee D,

Epton HAS, Harbour A (1995) Antibiotic production and bio-

control activity by Bacillus subtilis CL27 and Bacillus pumilus
CL45. J Appl Bacteriol 78:97–108

27. Yakimov MM, Fredrickson HL, Timmis KN (1996) Effect of

heterogeneity of hydrophobic moieties on surface activity of

lichenysin A, a lipopeptide biosurfactant from Bacillus licheni-
formis BAS 50. Biotechnol Appl Biochem 23:13–18

28. Bizani D, Brandelli A (2002) Characterization of a bacteriocin

produced by a newly isolated Bacillus sp. strain 8A. J Appl

Microbiol 93:512–519

29. Mendo S, Faustino NA, Sarmento AC, Amado F, Moir AJG

(2004) Purification and characterization of a new peptide anti-

biotic produced by a thermotolerant Bacillus licheniformis strain.

Biotechnol Lett 26:115–119

30. Wang Y, Lu Z, Bie X, Lv F (2010) Separation and extraction of

antimicrobial lipopeptides produced by Bacillus amyloliquefac-
iens ES-2 with macroporous resin. Eur Food Res Technol

231:189–196

31. Hoffmann T, Troup B, Szabo A, Hungerer C, Jahn D (1995) The

anaerobic life of Bacillus subtilis: cloning of the genes encoding

the respiratory nitrate reductase system. FEMS Microbiol Lett

131:219–225

Eur Food Res Technol (2011) 232:183–189 189

123


	Antimicrobial activity of a meat-borne Bacillus subtilis strain against food pathogens
	Abstract
	Introduction
	Materials and methods
	Microorganisms and culture conditions
	TR50 growth and antibacterial compound production in different media
	 beta -haemolytic activity evaluation
	Growth and antimicrobial activity of Bacillus subtilis TR50 in PDB
	Stability to heat treatments, pH and enzymatic hydrolyses
	Extraction and concentration of inhibitory molecules

	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


