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Bacterial isolates derived from food or raw food materials of animal origin were
screened for potential antagonistic activity against foodborne pathogenic Listeria monocyto-
genes. Using the agar spot method, ten out of the 94 tested bacteria showed antilisterial ac-
tivity. All of the antagonistic isolates identified by sequence analysis as strains of the genus
Pseudomonas were able to inhibit the growth of all the examined Listeria species including
the ruminal pathogenic L. fvanovii and the opportunistic human pathogenic L. innocua.
Pseudomonas sp. CMI-1 had the highest inhibitory effect on the growth of different Listeria
strains. Co-culturing studies revealed that the inhibition of L. monocytogenes could not be
achieved efficiently. Although the population of the Pseudomonas sp. CMI-1 strain in-
creased by up to 10 orders of magnitude during 2 days of culturing period at 20 °C in the
presence of L. monocytogenes, the cell count of the pathogen also increased by approx. 6 or-
ders of magnitude. At the same time, appropriate inhibition of cell-free supernatants gen-
erated from 6-day-old cultures of Pseudomonas sp. CMI-1 was observed. The inhibitory
compound of this antagonistic strain is presumably a chromopeptide siderophore, whose
activity and production can be affected by iron supplementation, and which had an ab-
sorption maximum typical of siderophores of fluorescent Pseudomonas species. Production
of the antilisterial substance was influenced by the oxygen concentration, as in static cul-
tures the concentration of the siderophore was higher than in shake flask cultures.
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Introduction

Foodborne pathogenic bacteria can cause serious ill-
nesses via their growth or toxin production, thus leading
to significant health problems of consumers. Listeria
monocytogenes is frequently transferred by consumption
of contaminated food and beverages, and is an important
causative agent of foodborne diseases; therefore, inhibi-
tion or elimination of this pathogenic bacterium is an es-
sential task for food producers. L. monocytogenes can be
found in raw and processed foods that are contaminated
during and/or after processing.

Although the Listeria genus comprises fifteen species,
L. monocytogenes is the causative agent of human listerio-

sis almost exclusively. The number of foodborne cases
caused by L. monocytogenes in 2012 in the European Union
was 1642 including 13 in Hungary (1).

Various microorganisms are able to inhibit pathogen-
ic microorganisms by overgrowing them or producing
antibiotic metabolites (2). The native microbiota of food
have the ability to inhibit the contaminating foodborne
pathogens, hence these microorganisms can prevent the
growth of pathogenic bacteria by different control mecha-
nisms (predation, competitive exclusion, production of
antimicrobial metabolites or quorum sensing) (3,4). There-
fore, the application of specific bacteria isolated from
foods or raw materials for the inhibition of pathogens can
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be promising in the food industry from a safety perspec-
tive. These microorganisms have the advantage of being
part of the food natural microbiota, thus they can easily
colonise the food and inhibit the pathogens when present
in appropriate numbers (3). Inhibition of several food-
borne pathogens can also be achieved by the application
of bacteriophages (5), and in the last few years virulent
bacteriophages have been effectively used for the inhibi-
tion of L. monocytogenes (6,7).

The spoilage process of milk, fresh meat and other
protein-rich raw materials represents a characteristic in-
teraction of different microorganisms when competition
of saprophytic and pathogenic bacteria for the available
nutrients results in the succession of populations com-
prising different species. Different antagonistic bacteria
have already been isolated from natural or spoiling mi-
crobiota of foods or raw materials (3,8,9). Among the in-
hibitory bacteria several have been identified as species of
Pseudomonas, and they exhibited pathogen inhibitory fea-
tures (9-11).

The objective of this research is to determine the in-
hibitory potential of bacteria isolated from food and raw
materials of animal origin against foodborne pathogenic
L. monocytogenes. After performing the screening tests we
focused mainly on a Pseudomonas isolate, as this bacteri-
um showed significant inhibitory activity against not only
L. monocytogenes, but other non-monocytogenes Listeria spe-
cies.

Materials and Methods

Bacterial strains

Bacteria tested for inhibitory effect had been previ-
ously isolated from different processed foods or raw food
materials of animal origin: among 94 isolates, 61 originat-
ed from chilled poultry meat, 9 from chilled fish, 14 from
milk and 10 from liquid egg. They were maintained on
peptone glucose yeast extract (PGY) agar slants (contain-
ing in g/L: peptone 5, glucose 1, yeast extract 2.5 and bac-
teriological agar 15) at 5 °C. Different strains of L. monocy-
togenes, L. innocua and L. ivanovii ssp. ivanovii (Table 1)
were used for testing the antagonistic effect of the bacte-
rial isolates.

Screening of bacteria for antilisterial activity

Ninety-four bacterial isolates were screened for the
ability to inhibit L. monocytogenes CCM 4699 using a spot
method as described below. L. monocytogenes was cul-
tured on tryptone soya (TS) agar plate at 37 °C for 18 h,
and a cellular suspension was prepared in sterile distilled
water. The absorbance of the suspension was adjusted to
0.5 at 600 nm, which corresponds to approx. 10° CFU/mL.
A tenfold serial dilution was made and 1 mL of the dilu-
tions in the range of 102-10"° was massively inoculated
onto TS and PGY agar plates. After drying the plates, 10
pL of cell suspensions (containing approx. 10° cells of the
overnight cultures) were dropped onto the agar surface.
The plates were incubated at 5, 10, 20, 25, 30 and 37 °C for
6 days. Growth inhibition was detected by formation of
clearing zones around macrocolonies of the tested iso-

Table 1. List of Listeria strains used for the analysis of the an-
tagonistic effect of bacterial isolates

Code Species Characteristics

CCM Listeria Reference strain,

4699 (C1) monocytogenes serovar 4d

H3 Listeria Meat isolate
monocytogenes

L4 Listeria Cheese isolate
monocytogenes

L23 Listeria Cheese isolate
monocytogenes

T2 Listeria Unknown origin
monocytogenes

P1 Listeria Unknown origin
monocytogenes

CCM Listeria Type strain,

4030" (C6) innocua serovar 6a

ccMm Listeria fvanovii Type strain,

5884" (C7) ssp. ivanovii serovar 5

CCM=Czech Collection of Microorganisms
(Brno, Czech Republic)

lates. For determination of the optimal antagonistic/
pathogenic cell ratio, the selected inhibitory strains were
applied in the range of 10'-10” cells/mL during co-cultur-
ing on TS and PGY agar plates.

All the bacterial isolates exhibiting inhibitory effect
on L. monocytogenes CCM 4699 were further tested against
five other L. monocytogenes and two non-monocytogenes
Listeria strains (Table 1) by the spot method.

Determination of the antagonistic effect of the selected
bacterial isolates in culture broth

Co-culturing studies using TS and PGY broths were
carried out in static and shake flask cultures. Overnight
cells of L. monocytogenes CCM 4699 and the selected bacte-
rial strains were suspended in sterile distilled water and
the absorbance was adjusted to 0.5 at 600 nm. After pre-
paring tenfold serial dilutions, the culture media were in-
oculated with the cells of pathogenic and antagonistic
bacteria in volume ratios of 1:1, 1:10, 1:100 and 1:1000, re-
spectively. The flasks were incubated for 2 days at 20 °C
under shaking (either at 140 or 180 rpm) and static condi-
tions. Samples were taken after 24 and 48 h of incubation,
and cell counts were determined by the spread plate
method using PGY and Listeria selective COMPASS® agar
(Biokar Diagnostics, Beauvais, France) plates.

Antagonistic effect of cell-free supernatants on the
growth of L. monocytogenes

Isolates showing significant antagonistic activity
against L. monocytogenes were further studied for the pro-
duction of extracellular inhibitory substances using the
agar diffusion technique, as well as microplate cultures.
Overnight cultures of the selected isolates were produced
at 20, 25 and 30 °C, and after separating the cells from the
culture medium by centrifugation (10 976xg, 15 min), the
supernatants were removed and filtered through 0.2-pm
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pore size membrane filters. For the agar diffusion tech-
nique, the L. monocytogenes CCM 4699 was inoculated on
the surface of TS and PGY agar plates at a final count of
about 10* CFU/mL and allowed to dry at room tempera-
ture. Wells (7 mm) were cut in the inoculated agar using a
sterile metal cork borer, and filled with 100 pL of the su-
pernatant. The plates were left at 5-10 °C for 2 h to allow
diffusion of the compounds from the tested supernatants
into the agar media, and then incubated for 2448 h at 20
°C. Absence or presence of any inhibitory zone was re-
corded.

Effect of the inhibitory substances on 10° of L. monocy-
togenes CCM 4699 cells was tested by measuring the
growth in microplate cultures using a Multiskan Ascent
(Thermo Electron Corporation, Thermo Fisher Scientific,
Waltham, MA, USA) instrument. Wells of the plates were
filled with 300 uL of liquid consisting of 75 uL of fourfold
strength culture broth, 75 uL of L. monocytogenes cell sus-
pension and cell-free supernatants of the test strain in
four different (150, 100, 50 and 25 pL) volumes. Final vol-
umes were adjusted to 300 puL by adding distilled water.
The amounts of the cell-free supernatants corresponded
to 1:2, 1:3, 1:6 and 1:12 dilutions. Inoculated microplates
were incubated at 20 °C and the absorbance values at 595
nm were recorded automatically every 30 min during 24
h of cultivation. Growth curves were generated from the
absorbance values vs. time data.

Protease and heat treatments of the cell-free
supernatants

Inhibitory effect of the cell-free supernatants pre-
pared from 1-, 3- and 6-day-old cultures of the tested bac-
teria incubated at 20 °C was determined after: (i) protease
treatment by one of the following (in pug/mL): proteinase
K (Sigma-Aldrich, St. Louis, MO, USA) 200, protease from
Streptomyces griseus (Sigma) 200, trypsin from bovine pan-
creas (Sigma) 100 and a-chymotrypsin from bovine pan-
creas (Sigma) 100, at 37 °C for 90 min, and (ii) heat treat-
ment at 95 °C for 5 and 30 min, or at 121 °C for 15 min.
The growth of L. monocytogenes in the presence of the cell-
-free supernatants was determined by Multiskan Ascent
(Thermo Electron Corporation) instrument as described
above.

Detection of siderophore production

Bacterial strains were cultivated in PGY and TS
broths and their growth was monitored by photometric
determination of cell density at 600 nm. Cell-free super-
natants were prepared from the cultures after 1, 3 and 6
days of incubation and siderophore production was de-
termined by measuring the absorbance at 405 nm as de-
scribed by Manninen and Mattila-Sandholm (12).

Identification and characterisation of the antagonistic
bacteria

Antagonistic isolates were identified at species level
by direct sequencing of the amplified rpoB gene or the 165
rDNA PCR products, generated by the LAPS-LAPS27 and
the 27f-1492r primer pairs, respectively (13,14), and align-
ment of the generated sequences with those deposited in

the GenBank was done by the application of the ClustalW
program (UCD Conway Institute of Biomolecular and
Biomedical Research, Dublin, Ireland).

The bacterial isolate with the highest inhibitory effect
was further characterised by inoculating it onto PGY agar
plates and incubating at 5, 10, 15, 20, 25, 30, 37 and 45 °C
for 3 days to determine its optimal growth temperature.
The isolate was also inoculated onto Cetrimid agar (Merck,
Darmstadt, Germany), Pseudomonas Agar F (corresponds
to King B) and Pseudomonas Agar P (King A) (Merck,
Darmstadt, Germany), and after incubating at 20 and 25
°C, the growth and pigmentation were recorded, while its
fluorescence was detected under UV light at 365 nm.

Results and Discussion

Screening for the antagonistic effect of bacterial isolates
against different Listeria species

Altogether 94 bacterial isolates derived from different
processed foods or raw materials of animal origin (chilled
poultry meat or fish, milk and liquid egg) were tested for
the inhibitory effect against L. monocytogenes CCM 4699
strain. For screening the inhibitory effect of the isolates,
co-culturing investigations on PGY and TS agar plates
were performed as described in Materials and Methods.
Using different counts of L. monocytogenes CCM 4699, it
was observed that the biggest clearing zones (highest in-
hibition) were formed when the number of the pathogen
was 10* CFU/mL. Ten out of the 94 isolates were able to
suppress the growth of L. monocytogenes CCM 4699,
which originated from chilled stored poultry meat (four
isolates), milk (three isolates), chilled fish (two isolates)
and liquid egg (1 isolate) (Table 2) (15). The most efficient
growth inhibition was detected at 20 °C, while the isolates
belonged to either the psychrotrophic or mesophilic group
of microorganisms according to their optimal growth tem-
peratures.

Testing the antagonistic interactions of the ten inhibi-
tory isolates with eight Listeria strains belonging to L.
monocytogenes and non-monocytogenes Listeria species (Ta-
ble 1) indicated significant differences concerning either
the sensitivity or the inhibitory effects of the investigated
strains, as shown in Fig. 1. Pseudomonas CMI-1 isolate
showed the best inhibitory effect as it inhibited all the
tested Listeria strains. Sensitivity of the L. innocua CCM
40307 strain was very similar to the majority of the investi-
gated L. monocytogenes strains. On the other hand, L. iva-
novii ssp. ivanovii CCM 5884 was the most sensitive, as all
of the tested antagonistic strains were able to inhibit it,
while L. monocytogenes P1 proved to be the most resistant.
L. ivanovii is a ruminal pathogenic bacterium, although it
has recently been found that it is a newly emerging op-
portunistic human pathogenic bacterium (16), therefore it
can be considered as a feed- and food-contaminating tar-
get of biocontrol bacteria.

Identification and characterisation of the most efficient
antagonistic isolates

The ten selected antagonistic bacteria with the best
inhibitory effect were identified by sequencing either the
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Table 2. Identification of the antagonistic bacteria isolated from different raw food materials of animal origin

_ Growth . . RPN
Code Origin temperature/°C Identified species Similarity/% Reference
TM-131 chilled-stored chicken meat 5-30 P. fluorescens 99 (rpoB) 15
TM-161 chilled-stored chicken meat 5-30 P. fluorescens 99 (rpoB) 15
TS-17 chilled-stored chicken skin 5-30 P. fluorescens 99 (rpoB) 15
TC-4 chilled-stored chicken 5-30 P. fluorescens 99 (rpoB) 15
TE-8 liquid egg 5-30 P. fluorescens 100 (165 rRNA) This study
T™MI-7 milk 5-37 P. aeruginosa 100 (165 rRNA) This study
TMI-9 milk 5-37 P. aeruginosa 100 (16S rRNA) This study
TF-14 chilled-stored fish 15-30 P. aeruginosa 99 (16S rRNA) This study
TF-25 chilled-stored fish 20-37 P. aeruginosa 100 (16S rRNA) This study
CMI-1 milk 5-30 P. frederiksbergensis or P. antarctica 96 (rpoB) This study
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Fig. 1. Inhibition of different L. monocytogenes, L. innocua and L. ivanovii strains (Table 1) by the screened antagonistic bacterial iso-

lates (Table 2)

rpoB or the 16S rRNA genes, which led to the conclusion
that all the strains belonged to the genus Pseudomonas (Ta-
ble 2). Five of them were identified as P. fluorescens (TM-
-131, TM-161, TS-17, TC-4 and TE-8), which had very weak
inhibition against most of the tested Listeria strains. Four
isolates with considerable and uniform spectral inhibito-
ry activity belonged to P. aeruginosa (TMI-7, TMI-9, TE-14
and TF-25). It is worth mentioning that one L. monocyto-
genes strain (P1) was resistant against all of the four P. ae-
ruginosa isolates, however, because of the opportunistic
human pathogenic nature of this species, these isolates
were excluded from further studies. Pseudomonas CMI-1
strain, which had the best inhibitory effect on the growth
of Listeria strains, could not be identified with high cer-
tainty at species level. As similarity value between the
aligned rpoB DNA sequence of this isolate and P. fre-
dericksbergensis or P. antarctica strains deposited in the
DataBank was only 96 %, more detailed genotypic and
phenotypic characterisation is required for the exact iden-
tification of the isolate. This is supported by the fact that,
based on our investigations, this strain is different from
both of the most closely sequence-related species in sev-
eral characteristics. For example, the CMI-1 isolate pro-
duces fluorescent pigment(s) on King B agar property
typical of neither P. antarctica (17) nor P. fredericksbergensis
18).

Inhibition of L. monocytogenes by Pseudomonas sp.
CMI-1 in co-culture experiments

The optimum cell count of Pseudomonas sp. CMI-1 for
the inhibition of L. monocytogenes 14 and CCM 4699
strains was determined by co-culturing the CMI-1 and the
Listeria strains on TS and PGY agar plates. As illustrated
in Fig. 2, maximum inhibition against L. monocytogenes
was achieved when cell count of the CMI-1 strain was
three orders of magnitude higher than that of the Listeria
strains. The minimum inhibition could be detected when
the difference was only one order of magnitude or less.
However, minimum inhibitory cell count depended on
the Listeria strain tested.

Interaction of the Pseudomonas sp. CMI-1 and L. mono-
cytogenes CCM 4699 strains was also studied in liquid cul-
tures by co-culturing these strains in PGY and TS broths
in different ratios as described in the section Materials
and Methods. Results shown in Fig. 3 indicate that in-
creasing the ratio of CMI-1 slightly inhibits the growth of
L. monocytogenes after two days of incubation. Decrease in
the count of the pathogen was achieved when the cell
count of Pseudomonas sp. was ten to one hundred times
higher than that of L. monocytogenes. In these cases, Liste-
ria cell number decreased by 1 or 2 orders of magnitude,
while when number of the interacting bacteria was al-
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Fig. 2. Determination of the optimal L. monocytogenes and Pseu-
domonas sp. CMI-1 ratio for: a) L. monocytogenes L4 and b) L. mono-
cytogenes CCM 4699 strains
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Fig. 3. Co-culturing of L. monocytogenes CCM 4699 and Pseudo-
monas sp. CMI-1 in: a) peptone glucose yeast (PGY) and b) tryp-
tone soya (TS) broth using different cell ratios of pathogen to
antagonist for inoculation. Total cell counts were determined
using PGY or TS agar plates, while the cell number of L. mono-
cytogenes CCM 4699 was determined using COMPASS® L. mono-
cytogenes selective agar

most the same, the growth rate of the pathogen was not
affected. Significant differences between interactions of L.
monocytogenes with Pseudomonas sp. CMI-1 using PGY
and TS media for culturing were not observed. It can be
concluded that co-culturing of Pseudomonas sp. CMI-1 and
L. monocytogenes CCM 4699 in liquid broth did not result
in significant growth inhibition of the pathogen. Despite

the fact that the cell number of L. monocytogenes decreased
in the presence of the Pseudomonas CMI-1 strain, it was
not able to outcompete L. monocytogenes.

Effect of cell-free supernatant on the growth of
L. monocytogenes

When the effect of the cell-free supernatant of Pseudo-
monas CMI-1 strain was tested on L. monocytogenes CCM
4699 by the agar well diffusion test, no formation of an
inhibition zone was detected. Therefore, a more sensitive
growth inhibition test was used that monitored the
growth of the pathogen in the presence of cell-free super-
natant. In microplate culturing experiments, where cells
of the pathogen coped directly with the potential extracel-
lular inhibitory compound(s) of the antagonist, decrease
in the growth of L. monocytogenes was detected, depend-
ing on the volume of the supernatant generated after 24 h
of incubation. Applying the highest volume (1:2 dilution)
of the supernatant, growth of L. monocytogenes was inhib-
ited by approx. 40 % (Fig. 4). Moreover, differences in the
inhibition were also observed if supernatants obtained
from 1-, 3- and 6-day-old antagonistic cultures were ap-
plied in different ratios; 6-day-old supernatants had the
strongest inhibition when applied in the highest ratio
(data are not shown).

0.35) = control
0.30 - 1:2 dilution
0.25{ = 1:3dilution
£0.20] = 1:6 dilution
<§ 0:15 1:12 dilution

0.10

0.05 ottt ottt
0.00

Fig. 4. Growth inhibition of L. monocytogenes CCM 4699 by dif-
ferent dilutions of supernatant of Pseudomonas sp. CMI-1 gener-
ated after 24 h of incubation

Characterisation of metabolites responsible for the
antagonistic effect of Pseudomonas sp. CMI-1

As cell-free supernatants of Pseudomonas sp. CMI-1
cultivated for 6 days resulted in total growth inhibition of
L. monocytogenes CCM 4699, we investigated whether the
responsible extracellular metabolites could be digested by
proteases of different origin or if they could be inactivat-
ed by shorter or longer heat treatments at different tem-
peratures (5 or 30 min at 95 °C, and 15 min at 121 °C). Fig.
5 shows that digestion of the supernatants by four differ-
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0' 60 - protease from Streptomyces
. proteinase K
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20.40 a-chymotrypsin
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Fig. 5. Growth of L. monocytogenes CCM 4699 in the presence of
protease-treated cell-free supernatants of Pseudomonas sp. CMI-
-1 cultivated in tryptone soya (TS) broth for 6 days
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ent proteases (protease from Streptomyces griseus, protein-
ase K, trypsin and a-chymotrypsin) did not decrease the
inhibitory activity, indicating that a protein is not respon-
sible for growth inhibition or resistance against the ap-
plied protease treatments. In the case of short (5 min) heat
treatment at 95 °C, no change was observed in the inhibi-
tion; however, treatment of the supernatants at this tem-
perature for 30 min and at increased temperature (121 °C)
for 15 min resulted in considerable but not complete elim-
ination of the inhibitory activity (Fig. 6). A possible expla-
nation could be that the antilisterial compound is relative-
ly heat stable or more than one compound is responsible
for the inhibition.
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0.60| ©95°C,5min
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Fig. 6. Growth of L. monocytogenes CCM 4699 in the presence of
heat-treated cell-free supernatants of Pseudomonas sp. CMI-1
cultivated in tryptone soya (TS) broth for 6 days

It has been frequently reported that siderophore pro-
duction plays an important role in the antagonistic effect
of Pseudomonas species (19), therefore, we checked for the
presence of siderophore(s) in the supernatants by detect-
ing the absorbance in the range of 400-410 nm. A peak
could always be detected at 405410 nm in the antilisterial
supernatants of 6-day-old static and shaken cultures, in-
dicating the presence of one or more siderophores. Activ-
ity of the antilisterial substance of Pseudomonas sp. CMI-1
decreased after the addition of 0.1 % FeCl,, as the peak
detected at 405 nm flattened out. Moreover, if the strain
was cultured in the presence of 1 mM FeSO,, production
of an A,y .., compound could not be detected (results not
shown). These results indicate that one of the metabolites
responsible for the antilisterial activity of Pseudomonas sp.
CMI-1 can be a heat-stable compound with an absorbance
maximum typical of iron-chelating substances of fluores-
cent Pseudomonas strains (20,21). Chromopeptides, such
as pyoverdine, are specific iron-binding compounds of
fluorescent pseudomonads (22), seeking to deprive patho-
gens of iron, thus suppressing their growth (23). Chromo-
genic siderophores are peptides, but in our case digestion
with different proteases had no effect on the activity;
therefore, further analyses for determining the character-
istics of the inhibitory compound(s) produced by Pseudo-
monas sp. CMI-1 are necessary.

Formation of siderophores is also affected by the oxy-
gen concentration. Sabra et al. (24) observed that high con-
centrations of oxygen in the culture broth of P. aeruginosa
PAOIL caused an oxidative stress to the cells which led to
the reduction of the growth rate, production of exopoly-
saccharides (mainly alginate), and enhanced release of
different proteins. However, greater pyocyanin formation
was detected under microaerophilic conditions. This is in
accordance with our observations in the case of Pseudomo-
nas sp. CMI-1, which produced higher levels of the

siderophore(s) in static cultures (at low oxygen concen-
tration) than in shake flask cultures (Fig. 7). Formation of
iron chelators was also influenced by the concentration of
iron (25) and the presence of different organic carbon
sources in the culture medium (26). Production of pyover-
dine and/or pyochelin increased significantly under iron
limitation, while the highest concentration of sidero-
phores was observed in an iron-free standard succinate
medium containing succinate as the sole carbon source
(25,26).
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Fig. 7. Comparison of growth (A ..), siderophore production
(A4os nm) and specific siderophore production (A, wm/Ago nm) PY
Pseudomonas sp. CMI-1 using peptone glucose yeast (PGY) and
tryptone soya (TS) broths in static and shake flask cultures. The
absorbance values were determined after 6 days of incubation
at 20 °C

In our study, we compared the growth of cells and
siderophore production in TS and PGY culture media. As
it is shown in Fig. 7, TS broth supported the growth of
cells better than PGY broth both in aerated and static cul-
tures; however, the specific siderophore production, cal-
culated as the ratio of siderophore content and cell densi-
ty, was higher in PGY. This could be explained by the fact
that TS broth is a more complex medium than PGY; there-
fore, more nutrients are available for the cells during their
growth. In PGY broth the amount of accessible nutrients
is lower, which can contribute to the production of stress-
-related substances. Moreover, the digested soya bean
component contains low levels of iron, and in its presence
the production of important virulence factors, such as sid-
erophores, is partially inhibited.

When cells in PGY static culture were stressed by two
rate-limiting factors (i.e. oxygen and iron availability), they
responded by considerably increased siderophore pro-
duction. This supports the observations of Rachid and
Ahmed (26) who found that siderophore biosynthesis of
Pseudomonas isolates was affected by different environ-
mental parameters, and iron limitation was the most sig-
nificant.

Conclusions

Raw food materials of animal origin can harbour bac-
teria that are able to inhibit the growth of foodborne
pathogenic bacteria, like Listeria monocytogenes. The Pseu-
domonas sp. CMI-1 strain originating from milk was se-
lected as the most promising antagonistic bacterium,
which was able to inhibit all the tested pathogenic strains
of the genus Listeria. Antagonistic effect of this strain was
demonstrated in contact inhibition tests against L. mono-
cytogenes; however, because direct application of the an-
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tagonistic cells for biocontrol purposes in food might lead
to a spoilage-like effect, the extracellular nature of the
growth inhibitory metabolites has been investigated too.
Cell-free supernatants generated under different growth
conditions also inhibited L. monocytogenes, and sidero-
phores were detected as a group of potentially inhibitory
compounds. However, heat- and protease-resistant com-
pounds might also be responsible for growth decline of
foodborne pathogenic L. monocytogenes. The identified
and well characterised inhibitory compound(s) can be ap-
plied in food production to combat L. monocytogenes and
in the agrochemical segment for the inhibition of patho-
genic bacteria like L. monocytogenes. This bacterium is an
ubiquitous microorganism which can be found not only
in food and raw materials but also on/in plants. Earlier
studies have demonstrated that pathogens may colonise
the internal tissues of plants, and consumption of such
contaminated vegetables can cause health hazard.
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