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Abstract

Five strains olListeria monocytogene$our strains ofListeria innocuaand a strain ot.isteria seeligerishowed
different sensitivities to lactocin 705 (17 000 AU ™), enterocin CRL35 (8500 AU mk) and nisin (2500 1U

ml~1) at different pHs (5, 6 and 7). The susceptibility ldbteria strains to bacteriocins at each pH was strain
dependent, and it was enhanced at the lowlphhonocytogendsad enhanced nisin tolerance while the non-nisin
bacteriocins were more inhibitory with viability losses of 3—3.4 in contrast with 1.5-1.8 log cycles, respectively.
Lower viability loss values were obtained withinnocuastrains with all three bacteriocins while seeligeriwas

more sensitive to nisin than to lactocin 705 or enterocin CRL35.

Introduction negative bacteria and yeasts, and the emergence of
naturally-resistant isolates as well as adaptional toler-

Bacteriocins from lactic acid bacteria inhibit the ance constitute the main limitations in their use. The

growth of microorganisms involved in both patho- need foran increased database on the activity of bacte-

genicity and food spoilage (Jaak al. 1995, Stiles riocins, particularly those other than nisin constituted

1996, Moll et al. 1999). This effect makes these the aim of this study. The sensitivity of tdristeria

bacteria potentially useful in food manufacturing as strains to nisin, lactocin 705 and enterocin CRL35

sources of biopreservatives. The best known bacteri- in liquid media and the effect of broth pH (5, 6 and

ocin is nisin which is commercially available and, at 7) as well as the effect of initial cell numbers on the

present, the only one with GRAS (generally regarded anti-listerial activity have been examined

as safe) status (Delves-Broughton 1990). The anti-

listerial activity of nisin has been reported and there

are a number of studies on the sensitivityLidteria Materials and methods

monocytogeneand othellListeria spp. to nisin (Har-

ris et al. 1991, Ukuku & Shelef 1997). Many other Bacterial strains and culture conditions

bacteriocins also demonstrating anti-listeria properties

have been reported (Muriana 1996), and others havelisteria monocytogeneBBUNT (Facultad de Bio-

been investigated for the inhibition of this pathogenin duimica, Quimica y Farmacia, UNT, Argentina),

foods, either through bacteriocin producing cultures SCOttA, WR129, SR215 and 4ah,seeligerivS2253

or by the addition of pure or semi-pure bacteriocins (Institute of Hygiene and Toxicology, IHT, Karl-

(Winkowskiet al. 1993, Vignoloet al. 1996, Fariagt ~ Sfuhe, Germany) and.. innocua7, 11, 12 and

al. 1999). L1PE (Unité de Recherches Laitiéres et Génétique
The narrow spectrum of activity of lactic acid ApPpliqueé, INRA, France) were used. Before use

bacteria bacteriocins, their failure to act against Gram- they were grown twice in TSBYE (Tryptic Soy Broth,
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Table 1. Growth inhibition ofListeria monocytogenestrains by nisin, lactocin 705 and enterocin CRL35 af G0

and different pH.

Strains Inoculum Viability loss (lodVg/N)2
Nisin Lactocin 705 Enterocin CRL35
pH5 PpH6 PpH7 pH5 PpHG6 PpH7 pH5 PpH6 PpH7
FBUNT®  Low 3.0 2.5 2.5 3.4 3.2 3.2 3.0 2.5 2.5
High 1.5 1.0 1.0 1.0 0.6 0.6 0.7 0.5 0.5
Scott A° Low 15 0.8 0.5 2.0 1.8 1.8 1.5 1.2 1.2
High 0.6 0.3 0.3 0.7 0.7 0.6 0.6 0.6 0.6
WR12¢ Low 1.8 1.5 1.5 2.5 2.3 2.3 2.2 2.0 2.0
High 1.0 1.0 0.8 1.0 1.0 0.8 0.9 0.7 0.7
SR21% Low 2.5 15 15 2.8 2.5 2.4 2.5 2.4 2.4
High 1.2 1.0 1.0 1.4 1.1 1.1 1.2 1.0 0.8
4alf Low 2.0 1.8 1.8 3.0 2.8 2.7 2.4 2.2 2.2
High 1.0 0.8 0.8 1.5 15 1.2 1.0 0.8 0.8

aviability loss: log No/N . Low inoculum: 18-1¢* c.f.u. m2; high inoculum: 16-1¢7 ¢.f.u. mr1,

bStrain from Facultad de Biodmica, Qumica y Farmacia,

Universidad Nacional de Tuémm

CStrains from IHT, Karlsruhe, Germany. Nisin: 2500 U} lactocin 705: 17 000 AU mil; enterocin CRL35:

8500 AU mi-1,

supplemented with 0.6% yeast extract, pH 6.7) at
30°C.

Bacteriocins preparations

Lactocin 705 was prepared according to the proce-
dure described by Palaciost al. (1999). Briefly,

an overnight culture in MRS broth (De Maet al.
1960) ofLactobacillus caseCRL705, was heated to
inactivate proteases and kill cells and the adsortion-

serial twofold dilutions of the extracts and the well
diffusion assay. The indicator lawn was prepared by
adding 70ul of an overnight culture oEactobacillus
plantarumCRL691.

Bacteriocin sensitivity measurement

Listeria strains at 18 c.f.u. mtt and 10 c.f.u. mt1
were inoculated in tubes containing 5 ml TSBYE (trip-
tic soy agar+ yeast extract 0.6%) previously adjusted

desortion, pH-dependent method developed by Yang to pH 5, 6 and 7 by the addition of 0.02 M HCI. Nisin

et al. (1992) was applied. The active extract was

further subjected to reverse phase-HPLC and SDS-

PAGE. Enterocin CRL35, produced interococcus
faeciumCRL35, was obtained from an overnight cul-
ture supernatant precipitated with (WHSO, at 60%
(w/v) at 4 °C. After separation by a Biogel-P6 col-
umn, the bacteriocin preparation was then applied to

(2000 IU mI1), lactocin 705 (17000 AU mi') and
enterocin CRL35 (8500 AU mit) were added to the
tubes before being inoculated. Finallysteria strains
were incubated for 24 h at 2C. At intervals samples
were taken for viable counts in TSAYE and incubated
at 30°C for 48 h. All results presented in this paper
are the mean of two independent replicate assays. The

a CM-Sephadex cation exchange column. The pooled variations were less than 10%.

concentrated fractions were then loaded on a C18
reverse-phase column (Fargtsal. 1996). Nisin (Nis-
aplin, 1x 10° IU g~1) was kindly provided by Aplin

& Barret Ltd. (Trowbridge, UK). Stock solutions
(10° IU mI—Y) were prepared by solubilizing appro-
priate amounts of powder in 0.02 M HCIl. The pH
was adjusted to 2 with 1 M NaOH, the solution was
then filter-sterilized (pore size 0.2#4m) and stored at
20 °C. The activity of the purified stock solutions of
lactocin 705 and enterocin CRL35, expressed as arbi-
trary units per ml (AU mt?1), was determined using

Results and discussion

Ten strains ofListeria were tested for sensitivity
against lactocin 705, enterocin CRL35 and nisin. The
viability loss of the different strains dfisteria mono-
cytogeneso bacteriocins comparing treatment of high
(10°-10’ c.f.u. mi1) and low inocula (18-10* c.f.u.
ml~1) at pH 5, 6 and 7 are shown in Table 1. In pre-
liminary experiments (data not shown) the growth of
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Table 2. Growth inhibition ofListeria innocuaby nisin, lactocin 705 and enterocin CRL35 at3Dand different

pH.
Strains  Inoculum Viability loss (lodVg/N)2
Nisin Lactocin 705 Enterocin CRL35
pH5 PpHG6 pH7 pH5 PpHG6 PpH7 pH5 PpH6 pH7
7 Low 2.0 2.0 1.9 2.3 2.1 2.1 2.1 2.0 2.0
High 1.2 1.0 1.0 1.0 0.8 0.8 1.2 1.0 1.0
110 Low 2.5 2.4 2.4 2.5 2.4 2.4 2.3 2.2 2.2
High 1.3 1.1 1.1 1.5 1.5 1.5 1.5 1.5 15
120 Low 2.4 2.2 2.2 2.5 2.3 2.4 2.2 2.0 2.0
High 1.1 1.0 1.0 1.4 1.2 1.2 1.5 1.5 1.4
LIPE®  Low 2.0 2.0 2.0 2.5 2.2 2.0 2.4 2.2 2.0
High 1.2 1.0 1.0 1.8 1.5 1.5 1.7 1.5 1.3

8See footnote a Table 1.
bstrains from Unié de Recherches Laties et @netique Applique, INRA, France.

Table 3. Growth inhibition ofListeria seeligeriby nisin, lactocin 705 and enterocin CRL35 at 3D and different

pH.
Strains Inoculum Viability loss (lodVg/N)2
Nisin Lactocin 705 Enterocin CRL35
pH5 PpH6 PpH7 pH5 PpHG6 PpH7 pH5 pH6 pH7
ws2259  Low 2.7 2.5 2.4 2.5 2.0 2.0 2.2 1.8 1.8
High 1.6 15 1.5 1.5 1.5 1.5 1.2 1.2 1.0

8See footnote a in Table 1.
bStrain from IHT, Karlsruhe, Germany.

Listeria in bacteriocin-free TSYBE was found to be with a low inocula after 2 h and pH 5. Enterocin
slightly slower at pH 5 than at pH 7 and a re-growth of CRL35 was more effective in the inhibition of strains
survivors after 2 h in the presence of bacteriocins was FBUNT and SR215 with viability losses of 3 and
observed even when comparable viable cell counts af- 2.5 log cycles, respectively. Nevertheless, when high
ter 24 h were obtained. When the effect of 2500 IU inocula were used, lower viability loss values were
nisin m-1 on L. monocytogenestrains was com-  observed independently of the bacteriocin and pH val-
pared, strain Scott A and WR129 proved to be the ues. Observations of these effects on high inocula
most resistant, the viability loss being 1.5 and 1.8 log of L. monocytogenesnabled comparison of sensi-
cycles for low inocula, respectively. The inhibitory ac- tivity of the individual strains to bacteriocins, these
tion of nisin was dependent on the pH, producing a effects being clearly strain dependent and, despite
higher decrease in viable cells at pH 5 than at pH 6 some variations, strain FBUNT appeared to be the
and 7 both for low and high inocula. This enhanced most sensitive to the action of the studied bacteriocins,
nisin tolerance oL. monocytogenestrains, as well  from which lactocin 705 demonstrated to be the most
as the strongest bactericidal effect when pH decreasesgeffective. These results agree with those of Ukuku
is well documented (Muriana 1996, Schillingetral & Shelef (1997) who reported a strain dependence
1998). When the non-nisin bacteriocins were added when the sensitivity of.. monocytogends nisin was

to L. monocytogenesulture, higher viability losses  studied. Bankerroum & Sandine (1988) also reported
were obtained as well as lower pH differences when strain differences when the well assay was used and

compared to nisin. Lactocin 705 (17 000 AU Th) inhibition-zone diameters measured noting that strain
was more effective in inhibitind.. monocytogenes  Scott A was particularly resistant.
strains than enterocin CRL35 (8500 AU ), strains The effects of different strains dfisteria innocua

FBUNT and 4ab being the most sensitive exhibiting a and Listeria seeligerisubjected to the action of the
viability loss of 3.4 and 3.0 log cycles, respectively, three bacteriocins at pH 5, 6 and 7 are summarized
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in Tables 2 and 3. Lower viability loss values as well

as less differences between pH values were obtained

both at low and high inocula when comparinglto
monocytogenestrains.L. innocuall and 12 showed
to be the most sensitive to the effect of all three bacte-
riocins at low inocula whild.. innocual 1PE showed
higher inhibitory effectiveness with lactocin 705 and
enterocin CRL35 reaching viability loss values of 2.5
and 2.4 log cycles (low inocula) and 1.8 and 1.7 log
cycles (high inocula) at pH 5, respectively. Moreover
no re-growth was produced after the initial decrease in
the viable counts wheh. innocuall and 12 at 19
cells mI-! was treated with nisin (data not shown). On
the other hand\.. seeligerishowed a higher viability
loss with nisin than with lactocin 705 and enterocin
CRL35 (Table 3).

The natural variation in the susceptibilities of
Gram-positive bacteria towards bacteriocins is consid-
erable. The inhibitory action of these antimicrobial
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