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ABSTRACT

Twenty samples of Brazilian meat and mest productswere screened by the agar overlay method for bacteriocin-
producing lactic acid bacteria, using Lactobacillus sake ATCC 15521 as indicator strain. Based on Gram
staining, KOH reaction, catalase test and fermentation of 49 carbohydrates (APl 50 CH), three out of seven
isolates with confirmed antagonist properties were identified as Lactobacillus curvatus, one as Leuconostoc
mesenteroides and one as Leuconostoc sp. Two isolates could not be properly identified using these tests. The
inhibitors produced by these strainswere sensitive to proteases. | nhibition dueto lytic bacteriophageswasruled
out, sotheisolateswere classified as bacteriocin-producing lactic acid bacteria. Four of them presented antilisterial
activity and a potential application as biopreservatives in meat systems.
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INTRODUCTION

Minimally processed refrigerated foods have been gaining
consumer acceptanceinthelast yearsduetotheir “natural” appedl
(16). However, the microbiological safety of these foods is of
concern due to the possible presence of non-proteolitic strains of
Clostridium botulinum able to grow at 4°C and the post-
processing contamination with psychrothophic pathogens, such
as Listeria monocytogenes (2,11).

Listeria monocytogenes is a Gram-positive bacterium that
causes severe disease inimmucompromised population (patients
with chronic illnesses such as diabetes, cancer and AIDS), the
elderly, pregnant women and newborns. Several large outbreaks
of foodborne listeriosis have been reported worldwide and the
fatality rate may be as high as 70%. In Brazil, no outbreak has
been reported, but Listeria monocytogenes hasbeenisolated from
avariety of foods (7,31).

The use of saprophyte microorganisms and/or their
metabolites to improve the microbiological safety or extend the
shelf- life of foods is defined as biopreservation (27). The
antagonistic properties of lactic acid bacteria adlied to their safe

history of usein fermentation processesmakethem very attractive
to be used for biopreservation. Lactic acid bacteria produce
antimicrobia substances such as lactic acid, diacetyl, hydrogen
peroxide and bacteriocins (3).

Bacteriocins were defined by Montville and Kaiser (16) as
ribossomaly synthetized antimicrobial peptides that are not
lethal to the producing cells.

Nisin is the only bacteriocin approved for use in foods in
roughly 50 countries (6). However, the application of nisin to
meats is limited due to its low solubility at the meat pH, its
strong interaction with phospholipids leading to an uneven
distribution of the bacteriocin in the food system and the
inability of the producer strain (Lactococcus lactis subsp.
lactis) to grow in meats (23).

Recently, Davies et al. (4) affirmed that nisin, at levels of
6.25 to 25 pg/g, was effective to control the spoilage caused by
lactic acid bacteria in vaccum-packaged Bologna mest, but the
best resultswere obtained in products with the lowest fat content
(25%) and in the presence of an emulsifier (diphosphate).

According to Garcia et al. (8) and Mc Mullen and Stiles
(24), lactic acid bacteria isolated from the same products where
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they are intended to be applied should present a competitive
advantage compared to lactic acid bacteria from other sources.
Aiming to improve the microbiological safety of vaccum-
packaged Brazilian meat products, we conducted a screening for
bacteriocin-producing lactic acid bacteria and tested the ability
of the isolates to inhibit the growth of Listeria monocytogenes.

MATERIALS AND METHODS

Meat and meat products

Ten kinds of meat and mesat productswere purchased at retail
market in the city of Ribeir&o Preto, S0 Paulo, Brazil. Two
packages from the same batch of each product were bought,
making an overall total of twenty samples. One package of each
batch was analysed immediately after arrival at the laboratory
and the other was tested after one week under refrigeration. The
meat products included chicken breast, chicken sausage, pork
sausage, ground beef and “ mortadela’ (atype of sausage) - one
brand of each, hot dogs (three brands) and bacon (two brands).

Isolation of bacteriocin-producing lactic acid bacteria

The isolation procedure was the agar overlay method,
according to Lewus et al. (12), with modifications. Fifty grams
of sample were added to 450 mL of 0.1% peptone (Oxoid) and
homogenized in a Bag Mixer (Interscience, France) for one
minute. From the first homogenate (10 dilution), serial decimal
dilutions were prepared using the same diluent, and 0.1 mL was
spread-plated on MRS agar plates(Oxoid) in duplicate. Theplates
were incubated at 25°C for 72 hours under anaerobiosis
(Anaerogen AN25, Oxoid). One of the plates containing up to
100 CFU wasoverlayed with theindicator culture (Lactobacillus
sake ATCC 15521) and incubated at 25°C for 24 hours under
anaerobiosis. The other MRS agar plate was kept under
refrigeration (master plate). After incubation, the overlayed plates
were observed for inhibition zones. The master plates from
samples presenting inhibitory activity were replicated to
Trypticase Soy Agar (Oxoid, without glucose) added of 0.6%
yeast extract (Oxoid) - TSAYE, using a round piece of wood
dightly smaller than the plate, covered with sterile velvet. The
TSAYE plateswereincubated for further 72 hoursat 25°C under
anaerobiosis. The overlay was repeated and the plates were
incubated for 24 h at 25°C under anaerobiosis. Colonies showing
inhibitory activity on TSAY E were transferred from the master
plate to new MRS agar plates. These isolates were mantained at
—70°C in MRS broth (Oxoid) with 20% glycerol (Merck).

Confirmation of theinhibitory activity and exclusion of
inhibition dueto lytic bacteriophages

The culturesisolated on MRS agar weretested for bacteriocin
production using the spot-on-the-lawn assay, according to Lewus
et al. (12). To exclude the inibition due to the presence of lytic
bacteriophages, one piece of agar from the inhibiton zone
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observed in the spot on the lawn assay was cut and tested
according to Lewus et al. (12).

Proteinaceus nature of the inhibitor

Protease type XIV from Sreptomyces griseus (Sigma) and
a-chymotripsin type Il from bovine pancreas (Sigma) were used
to test whether the inhibitor was a protein or not (12). Plates of
spot on the lawn assay were prepared as described above and 20
W of each protease solution at 20 mg/ml were spotted next to the
producer strains, before the addition of the overlay containing
theindicator microorganism. A control was prepared using sterile
distilled water instead of protease solution.

I dentification of theisolates

The morphology of theisolateswas observed as awet mount
and after Gram staining, using an Olympus microscope under
1000x magnification. The cultures were also tested with KOH
3% according to Powers (21) and tested for the presence of
catalase. Additionally, the pattern of fermentation of 49
carbohydrateswas studied, usingthe APl 50 CH kit (BioM érieux).

Spectrum of inhibitory activity

Using the spot on the lawn assay (12), the antimicrobial
activity of thelactic acid bacteriaisolateswastested against eleven
strains of Listeria monocytogenes isolated from chicken meat
and one Escherichia coli (ATCC 29522) (Table 2).

Figure 1: Inhibition zones observed on MRS agar plate from
sample of hot-dog A (first sampling time, 10-1 dilution), using
Lactobacillus sake ATCC 15521 as indicator microorganism.
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Table 1. Resultsof initial screening for bacteriocinogeniclactic  Table 2. Carbohydrate fermentation profile of lactic acid

acid bacteria. bacteria isolates.
samples MRS TSAYE spot on Bacterio- isolate o LAB strain
P halos halos the lawn phages number characteristic 15 11 12 13 14 16
%k + T T } 1 glycgrol - - - - - -
chicken gytrl'qul S R
-arabinose - - - - oL
breast b** - n.d. n.d. n.d. none L- arabinose S L L L Dl
chicken a + + + - 12 ribose + o+ o+ 4+
D-xylose - -+ - - - -
sasage L-xylose - - - - - -
b+ - n.d. n.d. none .
adonitol - - - - oo
pork a + + + _ 13 B metyl xyloside - - - - - .-
sausage galactose + + - -+ o+ o+
b + + + . 1 D glucose + + 4+ + + + +
D fructose + + + + + + +
ground a + + _ nd. none D mannose + +  + + +  + +
beef L-sorbose - - - - -
b+ + - n.d. none rhamnose e
dulcitol - - - - oo
hotdog A a + + + _ 14 1n0s1.tol - _ _ _ - _ _
manitol 2
b + + + _ 5 sorbitol - - - - L -
o metyl-D-manoside - - - - -
hotdogB a - n.d. n.d. n.d. none a metyl-D-glucoside -+ -+ -
N acetyl-glucosamine +  + I
b - n.d. n.d. n.d. none amygdaline 2 - - -7 - -
arbutine + - -2 4+ 2 4+
hotdogC a + - n.d. n.d. n.d. esculine + 4+ + + + + +
salicine + + -2 4+ o+ o+
b - nd.  nd n.d. none cellobiose + + + + + + 2
maltose + + o+ + -
a + - n.d. n.d. none lactose -+ - - -+ -
bacon A melibiose + -+ -+ - -
b + + n.d. n.d. none saccharose + -+ 0?2 4+ 4+ 4+
trehalose -+ + o+ -+ -
a + + + - 16 inuline - - - - oo
bacon B melezitose - - - - oo
b + + - n.d. none D-raffinose e
starch - - - - oo
a + + - n.d. none glycogene - - - - -
"mortadela" xylitol S
b - n.d. n.d. n.d none [ gentibiose 2
* = tested upon arrival to the laboratory; ** = tested after one ~ D-turanose - -+ o+ -+ -
week under refrigeration; n.d. = not done D-lyxose - - - - - -
D-tagatose - - - - .-
D-fucose - - - - - .-
L-fucose - - - - - .-
RESULTS D-arabitol .
L-arabitol - - - - - .-
Theresults of theinitial screening for bacteriocin-producing ~ gluconate e A
lactic acid bacteria strains are shown in Table 1. Fig. 1, related 2 ceto-gluconate - - - - - -
to the sample of hot dog A, illustrates the inhibition zones on 5 ceto-gluconate - - - - .-
MRS agar plates. + = positive; - = negative; ? = doubtful.



Table 3. Sizes of the inhibition zones presented by the LAB
strains against L. sake, L. monocytogenes and E. coli.

LAB strain
indicator microorganism 1 5 11 12 13 14 16
Lactobacillus sake 1.1 09 1.1 07 1.0 1.0 1.2

. monocytogenes 1 09 00 1.0 0.0 1.0 0.0 0.8
. monocytogenes 2 1.0 0.0 1.0 0.0 0.9 0.0 0.5
. monocytogenes 7 09 00 1.0 00 1.0 0.0 0.7
. monocytogenes 8 09 00 1.0 0.0 1.0 0.0 0.6
. monocytogenes 10 1.2 00 1.0 0.0 1.3 0.0 1.1
. monocytogenes 124 1.0 0.0 1.0 0.0 1.1 0.0 09
. monocytogenes 126 0.8 0.0 1.0 0.0 1.0 0.0 0.5
. monocytogenes 128 1.4 0.0 1.1 0.0 1.5 0.0 1.1
. monocytogenes 129 1.4 0.0 09 0.0 15 0.0 1.2
. monocytogenes 134 1.0 0.0 1.0 0.0 1.1 0.0 0.9
. monocytogenes 135 1.2 0.0 1.0 0.0 13 0.0 1.0
Escherichia coli 0.0 00 00 00 00 00 0.0

* measured from the center of the producer spot to the border of
inhibition zone (cm).

NN

Results of confirmatory assay for inhibitory activity and
exclusion due to lytic bacteriophages are aso shown in Table
1. All theinhibitors produced by theisolates were destroyed by
a-chymotripsin and protease of Sreptomyces griseus.

Seven grains, congidered as bacteriocin-producing lactic acid
bacteria, isolated from chicken breast, chicken sausage, pork sausage,
hot dog and bacon (Table 1), were Gram positive and catalase
negative. Isolates # 1, 5, 13, 14 and 16 were homofermentetive
rods, whereas # 11 and 12 were heterofermentative cocci.

Table 2 presents the carbohydrate fermentation patterns of the
isolates. According to thesetests, strains# 1 and 13, isolated from
pork sausage, could not be successfully identified. Isolates#5, 14
and 16 were identified as Lactobacillus curvatus, isolate # 11 as
Leuconostoc mesenteroides and isolate # 12 as Leuconostoc sp.

Table 3 shows the sizes of the inhibition zones against the
indicators Lactobacillus sake ATCC 15521, Escherichia coli
ATCC 29522 and eleven foodisolates of Listeria monocytogenes,
as detected by the spot on the lawn test.

DISCUSSION

The screening experiments with MRS agar plates showed
that five out of twenty meat and meat products samples did not
present colonies with inhibitory activity. Incubation under
anaerobiosis was important to prevent the growth of molds and
to minimize the production of hydrogen peroxide. The
temperature of 25°C was chosen to alow growth of either
mesophylic or psychotrophic bacteria strains.

Due to the difficulty to observe the inhibition zones, only
plates with no more than 100 CFU were selected for overlay.
Similar approach was taken by Filet et al. (20), who selected
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plates with even less colonies (30 CFU), but Lewus et al. (12)
chose plates containing from 30 to 300 CFU to be overlayed
with the indicator strain.

What concerns the shape of the inhibiton zones, our results
agree partialy with Ahn and Stiles (1). These authors reported
diffuseinhibition zoneswhen using MRS agar, lacking a clear cut
between growth and no growth of theindicator culture. Thediffuse
inhibition zones are probably dueto acid production from glucose
in MRS agar. However, as shown in Fig. 1, for some samples,
evenwhen MRS agar wasused, inhibition zoneswerewe | defined.

TSAY E medium does not contain glucose and the inhibition
dueto acid production is prevented in it. When MRS agar plates
of 15 samplesshowinginhibition zoneswerereplicatedto TSAYE
plates, the number of samples presenting inhibitory colonieswas
reduced to 12.

Theinhibitory activity of those colonieswas confirmed using
the spot on the lawn assay and Lactobacillus sake ATCC 15521
astheindicator strain. Seven strainswith antagonistic properties,
isolated from chicken breast, chicken sausage, hot dog and bacon
(Table 1), were successfully purified from the master plates. As
shown in Table 3, the isolates presented inhibition zones in the
range of 0.7 cm (strain # 12, from chicken sausage) to 1.2 cm
(strain # 16, from bacon).

Montville and Kaiser (16) suggested that the proteinaceous
nature of the inhibitor could be demonstrated by the negation of
inhibition zone in the presence of proteases. For al isolates, we
observed a dimple of growth when proteases were spotted near
the inibition zone in the spot on the lawn assay. These results
show that the inhibitory compounds were destroyed by protease
from Streptomyces griseus and by a-chymotripsin, and
consequently, considered proteins.

The method proposed by Lewuset al. (12) was useful torule
out theinhibition dueto lytic bacteriophages because bacteriocins
do not posses genetic determinants for auto-replication in
susceptible hosts, but bacteriophages do (13).

The seven bacteriocinogenic isolates were preliminarly
identified using Gram staining, KOH reaction, catalase test and
gas production from glucose. All the seven strains were Gram
positive, catalase negative and KOH negative. According to
Powers (21), the cell wall of Gram negative bacteriaisdestroyed
by KOH 3% and the sol ution becomes viscous dueto therelease
of fragments of DNA. Gram positive organisms are not affected
and a negative reaction for KOH confirms that the isolate is
Gram positive. Heterofermentative metabolism was detected in
coccoid cultures# 11 and # 12. Strains# 1, 5, 13, 14 and 16 were
rods and did not produce gas from glucose. Our findings were
consistent with those of Hol zapfel (10) who observed that 84.9%
of the lactic acid bacteria isolated from vaccum-packaged meat
were homofermentative rods.

TheAPI 50 CH kit washelpful toidentify thelactic acid bacteria
isolated in thiswork (Table 2). Theisolates# 1 and 13 yielded the
same fermentation profile and were considered asthe same gtrain.
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Lewus et al. (12) also reported the multiple isolation of a
bacteriocinogenic strain. Theidentification of thisisolate was not
possible due to a doubtful profile obtained in API 50 CH.

For strain #5, APl 50 CH yielded avery good identification
andthestrain was classified as Lactobacilluscurvatus. Theresults
were also in accordance to the biochemical characteristic
described by Schillinger and Liicke (24) for this species (ribose
positive, melibiose negative, maltose positive). Strain # 14 was
also identified as Lactobacillus curvatus, but the fermentation
pattern was dightly different from strain # 5. Strain # 16 was
also classified as Lactobacillus curvatus.

Among heterofermentative isolates, strain # 12 was detected
to belong to the genus Leuconostoc (Table 2), but the species
could not be determined. Strain # 11 was successfully identified
as Leuconostoc mesenteroides.

Due to recent advances in genetic techniques, Stiles and
Holzapfel (28) stated that there is a need for intense studies
considering phenotypic and phylogenetic characteristics, for
taxonomy of lactic acid bacteria.

The frequency of isolation of bacteriocin producing strains
observed in this work was around 30% (seven strains isolated
from 20 samples). Pilet et al. (20) reported the isolation of four
bacteriocinogenic strains from 20 samples of fish, and Lewus et
al. (12) isolated ten bacteriocin-producing lactic acid bacteria
from eleven cuts of raw meat analysed at weekly intervalsfor up
to three weeks. This variation in the frequency of isolation can
beattributed to intrinsi c differences of samplesandto thediversity
of indicator microorganisms used for initial screening.

The screening for bacteriocinogeniclactic acid bacteriausing
culture collection strains generally are less sucessful than
screening from foods. Moreno et al. (18) reported that 8.4% of
167 strains of a culture collection were able to inhibit al the
indicator microorganisms studied and Hastings et al. (9) isolated
five bacteriocin-producing lactic acid bacteriafrom 139 cultures.

Strains# 1, 11, 13 and 16 were able to inhibit all the strains
of Listeria monocytogenes studied. In spite of the uncertainity of
thetaxonomical position of Listeria, therelatednessto thefamily
Lactobacillaceae may explain their antilisterial activity (2, 32,
33). Strains # 1 and 13 were the more inhibitory followed by
strains# 11 and 16. Themost pronounced i nhibition was observed
against L. monocytogenes 128 and 129. Ukuku and Shelef (30)
conducted experimentsthat clearly demonstrated that the effects
of the bacteriocin nisin to Listeria monocytogenes were strain
dependent. Our results also indicate that there is a differential
sengitivity to bacteriocinsamong Listeria monocytogenes strains.

None of theisolateswas able to inhibit growth of Escherichia
coli. Thisfinding confirms the narrow spectrum of activity of the
inhibitors, as stated by Tagg et al. (29) when defining bacteriocins
of Gram positive bacteria. Stevens et al. (27) theorized that
bacteriocins of lactic acid bacteria are inefficient to inhibit Gram
negative organisms because the outer membrane hinders the site
for bacteriocin action, which is the cell membrane (17).

36

Degspite the lack of antilisteriae activity of strains# 5, 12
and 14, they have a potential to be used as an additional hurdle
for controlling spoilage process in vacuum-packaged meats,
specially the homofermentative strains # 5 and 14.
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RESUMO

Atividade antilisterial de bactérias laticas isoladas
de carnes e produtos carneos brasileiros
embalados a vacuo

Vinte amostras de carnes e produtos carneos brasileiros
foram analisadas com afinalidade de seisolar bactérias|éticas
produtoras de bacteriocina, através do método de antagonismo
em &gar, utilizando Lactobacillus sake ATCC 15521 como
microrganismo indicador. Baseado na coloragcdo de Gram,
reacdo com KOH, teste de catal ase e teste de fermentac&o de
49 carboidratos (APl 50 CH), trés das sete cepas com
caracteristicas antagonisticas foram classificadas como
Lactobacillus curvatus, uma como Leuconostoc
mesenteroides e uma como Leuconostoc sp. Duas cepas ndo
puderam ser identificadas usando apenas estes testes. Os
inibi dores produzidos por essas cepas mostraram-se sensiveis
a proteases. A inibicdo devido a bacteriéfagos liticos foi
descartada e assim as culturas foram classificadas como
bactérias |éticas produtoras de bacteriocina. Quatro cepas
apresentaram atividade antilisterial, e conseglientemente um
potencial de utilizagdo como bioconservadores em produtos
Carneos.

Palavras-chave: bactérias laticas, carnes, bacteriocinas,
bioconservadores, Listeria monocytogenes
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