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ABSTRACT

Three culture mediawere studied for the bacteriocin like substance (BL S) production from Car nobacterium
piscicola L 103 in a batch and continuous culture system. The efficacy of the antagonistic substance
against Listeria monocytogenes was tested on vacuum packaged salmon. BLS was produced in a 1.0 L
bioreactor by batch and continuous culture using D-MRS, mod. D-MRSand APT as nutrient broths. Salmon
filletswereinoculated with BLS (200AU mL -t and 800 AU mL ) and 8.0x 10 cfu cm2of L. monocytogenesand
stored at 4°C. The growth of L. monocytogenes was determined every 5 days during 15 days. After 12 h of
batch culture the stationary growth phase of C. piscicola L 103 started, with aBL S activity of 800AU mL™?
in D-MRS and mod. D-MRS broth, and of 400 AU mLinAPT broth. During continuous culture BL S activity
increased to 6400 AU mL-tin both types of MRS broths, whilein APT the activity decreased to 50AU mL %,
indicating a clear advantage of the first two culture media and also of the continuous culture system. BLS
had a bacteriostatic effect on L. monocytogenes when inoculated on salmon, with counts of 6.0 x 10° cfu
cm2 after 15 days. No significant differenceswerefound between thetwo BL S activities used. In the control
without BLS, L. monocytogenes counts increased to 1.0 x 10° cfu cm after 15 days of storage.

Keywords: Carnobacterium piscicola, bacteriocin like substance production, continuous system, Listeria

monocytogenes antagonism, vacuum packaged salmon

INTRODUCTION

Bacteriocins are ribosomally synthesized antibacterial
proteinsor peptides, active against closely related bacteria (18).
Among the lactic acid bacteria (LAB) a high diversity of
bacteriocins are produced of which several have been patented
for applications in food. However, nisin is currently the only
bacteriocin approved for use as a food preservative (7,16).
Though bacteriocins are inhibitory against foodborne
pathogens, such as Listeria monocytogenes, they are not
antibiotics since their synthesis and mechanism of action
distinguish them fromclinical antibiotics(7).

Among the LAB, several strains of Carnobacterium
piscicola produce bacteriocins with antagonistic activity

against L. monocytogenes (11,14). This human pathogen is of
mayor concern in the food industry, in particular in the salmon
processing plants, where L. monocytogenes is frequently
isolated (12,19).

The application of bacteriocins or bacteriocin producing
LAB strains in food has a potential use as part of the hurdle
technol ogy, since bacteriocins have shown synergieswith other
treatments and could be used as hurdlesto improvefood safety.
The use of antagonistic compounds in food can be especially
attractive in minimal processed refrigerated foods, which lack
multiple barriers to stop the growth of pathogenic bacteria.
Among these foods, salmon constitutes an interesting
foodmatrix for the study of the effectivenes of antilisterial
bacteriocins.
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When the optimal parameters for the BLS production are
determined, it is necessary to know theideal growth conditions
of the lactic strain for the bacteriocin production. The
composition of the culture medium could have important effects
on the yield of the bacteriocin. Peptone is a fundamental
component of culture media, since it influences the bacteriocin
production. Other components however, do not have an effect
ontheproduction of thismetabolite (21). Inrelationto the culture
system for the production of bacteriocin, one of the most widely
used techniques is the growth of the microorganisms in batch
or continuous culture. These systems require complex media
and controlled conditions of pH and temperature (9). In order to
harvest maximal bacteriocin amounts, thefermentation brothis
collected as soon as maximum activity isobtained (8). Anideal
protocol for bacteriocin production should be one that is
applicable to large scale purification, with low production and
recovery costs and leading to bacteriocin yields greater than
50% and purity greater than 90% (18).

The present study reports the use of different culture media
for the production of abacteriocin like substance (BL S) from C.
piscicola L 103 in a continuous culture system. Furthermore,
the antagonistic activity of the BLS against L. monocytogenes
inoculated on salmon was investigated.

MATERIALSAND METHODS

Bacterial strainsand culturemedia

The BLS producing strain C. piscicola L 103 described
previoudy (22), was kept frozen at -20°C in brain heart infusion
broth supplemented with 1% glycerol. Asindicator strain for the
BL S assays and fish inoculation experiment, L. monocytogenes
L m82 (Food and Drug Administration, Washington D.C.) was
used. During the study the indicator strain was stored at 4 +
2°C in cooked meat medium broth (CMM, Difco) and
subcultured twice in tryptic soy broth (Difco) before use.

Three culture mediawere evaluated: 8) D-M RS broth, which
isMRS broth (Difco) without acetate and glucose, but with 20
g of sucrose added per liter (21) and with the pH adjusted to 6.5;
b) modified D-MRS broth, which isMRS broth without acetate
and glucose and without meat extract, but with 20 g/L of sucrose
and 20 g/L of proteose peptone N°3 (21) and the pH adjusted to
6.5; ¢) APT broth (Difco).

Continuousculturefor BL Sproduction

A 1.0 L modular bioreactor (Gallenkamp) was used for
growth and BLS production of C. piscicola L 103. The pH of
the culture broth was maintained at 6.5 with 3N NaOH during
fermentation. The broth was inoculated with a 10% (v/v)
inoculum of an overnight culture of C. piscicola L 103. Batch
fermentation was performed at 25°C with agitation (150 rpm)
and an airflow of 550 vm (volume of air per mL of medium). For
continuous production, after approximately 26 h of batch

BL S production by C. piscicola

culture in each nutrient broth, the culture was switched to
continuous culture by feeding fresh medium at three different
dilution rates, calculated from the duplication time of C.
piscicola L 103 in each culture broth during batch fermentation.
Steady state was assumed to occur after three residencetimes.
Samples were taken from the bioreactor at different intervals
for microscopic control of the culture, determination of BLS
activity and optical density reading (O.D.ssm) Of the broth.
Culturebrothswith the highest BL S activity during continuous
fermentation were selected for further inocul ation experiments.
The culture supernatant was treated as previously described,
and stored frozen at -18°C until use.

Deter mination of the BL Sactivity

The culture supernatant was obtained following
centrifugation at 7,700 g (4°C) for 15 min and sterilization by
filtration (0.22 mm Supor® membrane filter). BL S activity was
monitored by the spot on lawn technique (3), with twofold
dilutions of the supernatant in 50 mM sodium phosphate buffer
pH 7.0, and spotted on tryptic soy agar plates containing a
lawn with the indicator strain. After incubation, the arbitrary
units of activity (AU), defined as the reciprocal of the highest
dilution showing inhibition of the indicator strain, were
determined (3,23).

Inhibitory activity of thecrude BL Sextract from C. piscicola
L 103 against L. monocytogenesinoculated on fresh salmon

Salmon was obtained from aprocessing plant and kept frozen
at -18°C until use. After thawing at room temperature the skin
was aseptically removed and 48 rectangular pieces were cut
(approximatesize 115x 65 x 16 mm). The pieceswereplacedin
individual vacuum bags (Cryovac® BL-4, Grace, Santiago, Chile)
and inoculated with a crude extract of the BLS at two levels of
activity, 200 AU mL* and 800 AU mL. A 24 h culture of L.
monocytogenes in tryptic soy broth, was added to the salmon
at afinal concentration of log 2.0cfu cm™. Following thorough
massaging of the pieces in the bag to assure a good contact of
the inoculum with the salmon, the fish was vacuum packaged
and stored at 4 + 2°C for 15 days. An untreated control, with
0.25 M phosphate buffer pH 7.0, replacing the inoculum and a
control containing only the indicator strain, were included for
each sampling date.

At time 0 and days 5, 10 and 15, triplicate samples of each
treatment were chosen for counts of L. monocytogenes on
Listeria—selective agar (Oxford formulation) and MRS agar for
lactic acid bacteria counts. For microbia analysis the salmon
pieces were transferred to a Stomacher blender bag (Seward
Medical, London, UK) containing 100 mL of Butterfield's
phosphate buffer diluent (2) and homogenized during 2 min
(dilution 10). Salmon pH was checked in the uninoculated
control with a pH meter (Schott CG 840, Germany) at each
sampling date. For the test, a Slurry was prepared using equal
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amounts (w/v) of salmon and distilled water (heated to boiling
and cooled to 25°C).

For comparison of the data of bacterial growth and
bacteriocin production in different culture broth and L.
monocytogenes growth on salmon, a multifactorial analysis of
variance was used. When F-values were significant, mean
difference were compared using Tuckey’s specific hypothesis
test (95% level of significance).

RESULTSAND DISCUSSION

Growth and BL Sproduction by C. piscicolaL 103duringbatch
fermentation

Inthethree culturemediaC. piscicola L 103 presented growth
curvesthat showed asimilar tendency, with ashort lag phase of
two hours, followed by alogarithmic growth phaseof 10to 12 h
(Fig. 1). For D-MRSand mod. D-MRS higher cell densitieswere
reached than in APT broth, which indicates less favourable
growth conditions for the LAB strain in the latter broth. The
observed differences could be attributed to the exhausting of
some essential nutrient during the batch culture in APT (6).

Thegenerationtimefor C. piscicola L 103in each brothwas
calculated using the optical density values (logi). Results
showed ageneration time of 1.8 hinthemod. D-MRSand of 2.0
hin D-MRS broth, whereas in APT broth the duplication time
for C. piscicola L103wasof 2.5 h. Thedifferencesin duplication
time observed confirm the presence of more favourable growth
conditionsfor C. piscicola L 103 in both D-MRS broths, which
only differ among them in their content of proteose peptone
and meat extract. Thus, it is possible to point out that the
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Figure 1. Growth of C. piscicola L 103 in three culture broths
during batch fermentation at 25°C.
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proteose peptone promotes the growth of C. piscicola.
Schillinger et al. (21) aso reported that the presence of this
peptonein the culture broth favoured the growth of C. piscicola
LV 61, whereas meat- and yeast-extract were not essential.

During batch culturethe BLSwas produced at an earlier stage
in D-MRSbroth thaninmod. D-MRSbroth, however after 12 h of
culturethe same amount of activity wasobtained in both D-MRS
broths (Fig. 2). Theincrease in the BLS production occurred at
the end of the linear growth and remained constant during the
stationary phase, which has also been described for other
bacteriocin (1,4,9). Poor resultswere obtained in APT broth, where
BL S production wasfirst detected at the end of thelinear growth
and beginning of the stationary phase, but in asignificantly lower
amount (p<0.05) thanin the other two culture media. Theseresults
aresimilar tothoseobtained by Ahnand Stiles (1) for C. piscicola
LV 17 growninAPT broth, who also reported 400AU mL ! asthe
highest activity. They however differ from those reported for
other bacteriocins, such aspediocin, nisinand amylovorin, where
the presence of tryptone and yeast extract favoured the growth
of the producer strains and the bacteriocin production (9,25).

After 24 h of batch culture a decline of the activity was
observed D- MRS and mod. D-MRS broth, behaviour also
described for other bacteriocins during stationary growth of
the producer strain (1,4,20). The loss of BLS activity during
stationary growth can be ascribed to a variety of factors,
including a proteol ytic degradation of the bacteriocin by certain
proteases, adsorption of the bacteriocin molecules to the cell
surface, or protein aggregation (9,18).
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Figure2. Arbitrary activity units (AU mL1) of the bacteriocin
like substance (BLS) from C. piscicola L 103 during batch
fermentation at 25°C in three culture broths.



For continuous culture the critical dilution rate in the three
culture broths was calculated resulting in 0.35 h'for D-MRS
broth, 0.39 hfor mod. D-MRSand 0.27 h' for APT broth. These
values were used to calculate dilution rates I, 1l and |11, for
continuous culture, corresponding to 80, 50 and 33% of the
critical dilutionvalue.

Continuousculture

During continuous fermentation, the cell density increased
inthethree culture media(not shown for mod. D-MRShbroth), as
thedilution ratesincreased (Fig. 3and Fig. 4). The highest O.D.
reading was obtained in APT with an O.D.s7s.m Of 9.88 (Fig. 4),
which was considerably higher than during batch fermentation
in the same broth. The BL S production in D-MRS and mod. D-
MRS broth was stimul ated at the higher dilution rates, asseenin
Fig.5.Atdilutionratel, anactivity of 6400AU mL* wasobtained
in both media, which representsasignificant increasein activity,
compared to the batch culture. At dilutionrate |l the BL Sactivity
remained high (6400AU mL 1) in D-MRS, whileadeclineoccurred
inmod. D-MRSbroth. Different resultswere seen in APT broth,
wherethe BL S production wasvery low, with 50AU mL 1, at the
three dilution rates. These values were even lower than during
batch fermentation (400AU mL ). Thehigh cell density and low
BLS production in APT broth during continuous culture, in
particular at thelowest dilution rate, could indicatethat the BLS
productioninthisbroth doesnot occur during active cell growth,
but at a later stage. This is confirmed by the results from the
batch culture, where the highest BL S production was obtained
after 16 h (Fig. 2), which correspondsto the stationary growth of
C.piscicolaL 103inAPT broth (Fig. 1).
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Figure 3. Continuous fermentation with varying dilution rates
(D) in D-MRS broth at 25°C with controlled pH 6.5.
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Figure 4. Continuous fermentation with varying dilution rates
(D) in APT broth at 25°C with controlled pH 6.5.
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Figure5. Bacteriocin like substance activity (BLS) production
at different dilution rates during continuous culture of C.
piscicolaL 103in D-MRS, mod. D-MRSand APT broth.

The increase in BLS production of C. piscicola L 103 in
MRS broth at higher dilution rates is in agreement with the
results from Bhugaloo-Vial et al. (4), who also observed an
increase in the bacteriocin production of C. divergens V41 at
higher dilution rates. On the other hand the same authors
observed that the highest biomass production was obtained at
the lowest dilution rate, which is also in agreement with the
results of thisstudy. Thishowever differsfor other bacteriocins
(6,8,18), where production was stimul ated by stressfactorssuch
aslow temperature, or alow dilution rate.
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Salmon inoculation for growth inhibition of L. monocytogenes

Results from the salmon inocul ation experiment are shown
in Fig. 6. During the first five days of storage at 4 + 2°C, L.
monocytogenes was inhibited in the presence of 800 AU mL™!
and counts remained at the initial inoculum level of log 2.0
cfucm, Anincrease of c.aonelog cycle occurred with 200AU
mL, for the same period. After 15 days, counts had increased
tolog 3.8 cfucm?, inthepresence of 200AU mL*andtolog 3.3
cfu cm?with 800 AU mL 1. Differences among treatmentswith
both BLS levels were not significant (p>0.05). In the control
without BLS, L. monocytogenesincreased from log 2.0 cfu cm2
(initia inoculum), tolog 6.0 cfu/cm2 during 15 daysat 4 + 2°C.
These results differed significantly (p<0.05) from the counts
obtained for the BLS inoculated salmon.

Thefilter sterilized, crude extract of the BLSfrom C. piscicola
L 103 had a bacteriostatic effect against L. monocytogenes,
when inoculated on salmon pieces, as no significant growth
(p>0.05) of the pathogen was observed during 15 days, as
compared to the salmon inocul ated only with L. monocytogenes
(control). Other salmon inoculation experiments have aso
shown a bacteriostatic effect, when different strains of C.
piscicolawere co-inoculated with L. monocytogenes (10,17), or
asimulated smoked fish system (11). The direct inoculation of
the crude extract of abacteriocinwill eliminatetheinconvenience
of the organoleptic changes that take place during growth of
the producer strain. There are however, drawback such as the
adsorption of the bacteriocin molecules to protein and fat
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Figure®6. Inhibition of L. monocytogenes on vacuum packaged
salmon inoculated with a crude extract of the bacteriocin like
substance (BL S) from C. piscicola L 103, at two concentrations.
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particles, their inactivation by proteolytic enzymesand binding
to food surfaces (8). These are probably factors that also
influenced the antagonistic activity of the BLS against L.
monocytogenesin this experiment, where only theinhibition of
growth but not acompletekilling effect could be achieved. The
two bacteriocin levels studied showed no difference in their
capability toinhibit L. monocytogenesin salmon. Theseresults
differ from those of other workers (24), where an increase in
activity showed a greater killing capacity of the bacteriocin
tested. Lactic acid bacteriain our experiment reached Log 6.0
cfu cm? after 15 days at 4 £ 2°C in the three treatments, with
initial countsof Log 1.0 cfu cm2and the pH of the salmon flesh
decreased from 6.6 + 0.0to pH 6.3+ 0.1 after 15 days.

The use of a single bacteriocin such as the BLS from C.
piscicola L 103 is not a sufficient safety factor against L.
monocytogenes and other strategies such as the combination
of two bacteriocins (13,20), or the use of factors that increase
their activity (5,15), will be studied. Somelegal drawback must
however be considered for the application of bacteriocins as
safety factors in food, since up to date only nisin has been
approved asabacteriocinfor useinfood. The use of bacteriocin
producing LAB cultures could be an alternative to overcome,
these legal problems at the present time.

From the results of this study it was concluded that the
composition of the culture brothsinfluenced the BLS production
from C. piscicola L 103. In a continuous system, with D-MRS
and mod. D-MRS as culture broth, the BLS production was
stimulated at the highest dilution rates, whilein APT broth BLS
activity was very low during continuous culture. The filter
sterilized, crudeextract of theBLSfrom C. piscicola L 103 showed
a bacteriostatic effect against L. monocytogenes, on vacuum
packaged cold smoked salmon stored at 4 + 2°C during 15 days.
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RESUMO

Producéo de substancias semelhantes a bacteriocinas
por C. piscicola em um sistema continuo com trés
meios de cultura e seu antagonismo contra
L. monocytogenes em salméao embalado a vacuo

Trés meios de culturaforam avaliados quanto a producéo de
substancias semelhantes a bacteriocinas (SSB) por
Carnobacteriumpiscicola L 103, utilizando um sistemacontinuo
de cultura. A eficacia da substéncia antagonista contra Listeria



monocytogenes foi testada em salmdo embalado a vacuo. As
SSB foram produzidasem bioreator de 1.0 L, em culturacontinua
eem culturaestacion&ria, utilizando D-MRS, mod. D-MRSeAPT
como meios de cultivo. Filés de sdlméo foram inoculados com
SSB (200AU mL1e800AU mL1) eL. monocytogenes (8.0x 10*
ufc cm?) e mantidos a4°C. O crescimento de L. monocytogenes
foi verificado a cada 5 dias, durante 15 dias. C. piscicola L 103
antigiu afase estacionériadepoisde 12 h deincubacdo em cultivo
em batelada, sendo aatividade SSB de 800 AU mL* nosmeiosD-
MRS emod. D-MRSede400AU mL*no cadoAPT. Durantea
cultura continua, a atividade SSB aumentou até 6400 AU mL*
nos dois tipos de caldo MRS, ao passo que no caldo APT esta
aividadediminuiua50AU mL %, indicando umaclaravantagem
de uso dos dois primeiros meios de cultura e do sistema de
crescimento continuo. SSB mostrou efeito bacteriostético sobre
L. monocytogenes quando inocul adaem salméo, com contagens
de 6,0 x 10° ufc cm? apbs 15 dias. N&o foram encontradas
diferencas significantes entre as duas atividades utilizadas. No
ensaio controle, sem SSB, a contagem de L. monocytogenes
aumentou até 1,0 x 10° ufc cnmr? gpés 15 dias de estocagem.

Palavras-chave: Carnobacterium piscicola, substancia
semelhante abacteriocina, antagonismo, Listeria monocytogenes,
salm&o embalado a véacuo

REFERENCES

1. Ahn, C,; Stiles, M.E. Plasmid-associated bacteriocin production by a
strain of Carnobacterium piscicola from meat. Appl. Environ.
Microbiol., 56, 2503-2510, 1990.

2. American Public Health Association. Standard Methods for the
Examination of Dairy Products, 16" edn. (Ed. R.T. Marshall).
American Public Health Association Washington D.C., 1992, 546 pp.

3. Barefoot, S.; Klaenhammer, T.R. Detection and activity of Lactacin
B, a bacteriocin produced by Lactobacillus acidophilus. Appl.
Environ. Microbiol., 45, 1808-1815, 1983.

4. Bhugaloo-Vid, P; Grajek, W.; Dousset, X.; Boyaval, P. Continuous
bacteriocin production with high cell density bioreactors. Enzyme
Microb. Technol., 21, 450-457, 1997.

5. Budu-Amoako, E.; Ablett, R.F.; Harris, J.; Delves-Broughton, J.
Combined effect of Nisin and moderate heat on destruction of Listeria
monocytogenes in cold-pack lobster meat. J. Food Prot., 62, 45-50,
1999.

6. Calewaert, R.; De Vuy4t, L. Bacteriocin production with Lactobacillus
amylovorus DCE 471 is improved and stabilized by fed-batch
fermentation. Appl. Environ. Microbiol., 66, 606-613, 2000.

7. Cleveland, J;; Montville, T.J.; Nes, |.F; Chikindas, M. |. Bacteriocins:
safe, natural antimicrobials for food preservation. Int. J. Food
Microbiol., 71, 1-20, 2001.

8. De Vuyst, L. Production and applications of bacteriocins from lactic
acid bacteria bioactive peptides for future food preservation.
Cerevisia, 21, 71-74, 1996.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

BL S production by C. piscicola

De Vuyst, L.; Callewaert, R.; Crabbé, K. Primary metabolite kinetics
of bacteriocin biosynthesis by Lactobacillus amylovorus and evidence
for stimulation of bacteriocin production under unfavourable growth
conditions. Microbiology, 142, 817- 827, 1996.

Duffes, F.; Leroi, F.; Boyaval, P,; Dousset, X. Inhibition of Listeria
monocytogenes by Carnobacterium spp. strain in a simulated cold
smoked fish system stored at 4°C. Int. J. Food Microbiol., 47, 33-
42, 1999.

Duffes, F.; Leroi, F.; Dousset, X.; Boyaval, P. Use of a bacteriocin
producing Carnobacterium piscicola, isolated from fish, to control
Listeria monocytogenes development in vacuum-packaged cold
smoked salmon stored at 4°C. Science des Aliments, 20, 153-158,
2000.

Eklund, M.W.; Poysky, F.T.; Paranjpye, R.N.; Lashbrook, L.C.;
Peterson, M.E.; Pelroy, G.A. Incidence and source of Listeria
monocytogenes in cold-smoked fishery products and processing
plants. J. Food Prot., 58, 502-508, 1995.

Hanlin, M.B.; Kalchayanand, N.; Ray, P.; Ray, B. Bacteriocins of
lactic acid bacteria in combination have greater antibacterial activity.
J. Food Prot., 56, 252-255, 1993.

Jack, R.; Wan, J.; Gordon, J.; Harmark, K.; Davidson, B.; Hillier, A,;
Wettenhall, R.; Hickey, M.; Coventry, J. Characterization of the
chemical and antimicrobia properties of piscicolin 126, a bacteriocin
produced by Carnobacterium piscicola JG126. Appl. Environ.
Microbiol., 62, 2897-2903, 1996.

Martinis, E.; Crandall, A.; Mazzotta, A.; Montville, T. Influence of
pH, sdt and temperature on nisin resistance in Listeria monocytogenes.
J. Food Prot., 60, 420-423, 1997.

Muriana, P.M. Bacteriocins for control of Listeria spp. J. Food
Prot. Suppl., 54-63, 1996.

Nilsson, L.; Gram, L.; Huss, H.H. Growth control of Listeria
monocytogenes on cold-smoked salmon using a competitive Lactic
Acid Bacteria flora. J. Food Prot., 62, 336-342, 1999.

O’ Keeffe, T.; Hill, C. Bacteriocins. In: Encyclopaedia of Food
Microbiology (Ed. Robinson). Academic Press, London, 2000,
pg.183-197.

Peterson, M.E.; Pelroy, GA.; Paranjpye, R.N.; Poysky, F.T.; Almond,
J.S.; Eklund, M.W. Parameters for control of Listeria monocytogenes
in smoked fishery products: sodium chloride and packaging method.
J. Food Prot., 56, 938-943, 1993.

Pilet, M.F,; Dousset, X.; Barré, R.; Novel, G; Desmazeaud, M.; Piard,
J.C. Evidence for two bacteriocins produced by Carnobacterium
piscicola and Carnobacterium divergens isolated from fish and
active against Listeria monocytogenes. J. Food Prot., 58, 256-262,
1995.

Schillinger, U.; Stiles, M.E.; Holzapfel, W.H. Bacteriocin production
by Carnobacterium piscicola LV 61. Int. J. Food Microbiol., 20,
131-147, 1993.

Schobitz, R.; Zaror, T.; Lebn, O.; Costa, M. A bacteriocin from
Carnobacterium piscicola for control of Listeria monocytogenes in
vacuum packaged meat. Food Microbiol., 16, 249-255, 1999.
Tagg, J.R.; Daani, A.S.; Wannamaker, L.W. Bacteriocins of gram-
positive bacteria. Bacteriol. Rev., 40, 722-756, 1976.

Vignolo, G,; Fadda, S.; de Kairuz, M.N.; de Ruiz Holgado, A.A.P;
Oliver, G. Control of Listeria monocytogenes in ground beef by
“Lactocin 705", a bacteriocin produced by Lactobacillus casei 705.
Int. J. Food Microbiol., 29, 397-402, 1996.

Yang, R.; Ray, B. Factors influencing production of bacteriocins by
lactic acid bacteria. Food Microbiol., 11, 281-291, 1994.

57




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


