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Effect of Lactic Acid Bacteria on Beef Steak Microbial Flora
Stored Under Modified Atmosphere and on Listeria

Monocytogenes in Broth Cultures
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Beef steaks were inoculated with one or other of two protective strains of lactic acid bacteria, the bacte-
riocinogenic Lactobacillus sakei CTC 372 or the uncharacterised Lactobacillus CTC 711. They were
stored under modified atmospheres (20–40% CO2). Inoculation of meat with both strains inhibited the
growth of the spoilage bacteria. Neither CO2 in the pack atmosphere, inoculation with protective strains,
nor a combination of both, affected formation of metmyoglobin or the development of off-odours. The
formation of metmyoglobin in meat pigments and the sensory odour scores were compatible to those of
fresh meat which had not undergone either oxidative deterioration or microbial spoilage. Listeria mono-
cytogenes were inhibited in broth by meat surface microbiota containing either of the protective strains.
With an initial population of 5.6 log cfu/mL, after 7 days incubation at 3 °C, Listeria monocytogenes were
recovered at log mean population of 2.8 log cfu/mL when neither protective strain was present. At 8 °C,
the population of Listeria monocytogenes recovered were reduced by about 2.5 or 1.5 log cfu/mL in the
presence of Lactobacillus sakei CTC 372 or Lactobacillus CTC 711, respectively. At 25°C, the popu-
lation of Listeria monocytogenes recovered from broth containing either protective strain were about 5
log cfu/mL less than the population recovered from broth containing Listeria monocytogenes only.

Key Words: beef meat, modified atmosphere, preservation, lactic acid bacteria, spoilage, Listeria mono-
cytogenes

INTRODUCTION

Meat is a very perishable food, both oxidative and
microbial processes are involved in meat spoilage.
Oxygen (O2) concentrations of 60–80% are used in
modified atmosphere packaging (MAP) to maintain
myoglobin (Mb) in its oxygenated form (MbO2). High
O2 retards metmyoglobin (MetMb) formation at meat
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surfaces and does not accelerate growth of aerobic
organisms (Djenane et al., 2003a; Martínez et al.,
2005). The potential for psychrotrophic spoilage
microorganisms to grow during the extended refriger-
ated storage period and decrease organoleptic quality
or spoil the meat product is also a concern. With suffi-
cient time at refrigeration temperatures, several types
of psychrotrophic bacteria may grow to enough levels
to cause meat spoilage (Djenane et al., 2006). These
microorganisms include those of primary concern in
extended shelf-life refrigerated meats: Brochothrix
thermosphacta, lactic acid bacteria, and Pseudomonas
spp. (Marth, 1998). Brochothrix thermosphacta, which
is aerobic to facultatively anaerobic, has been recov-
ered from packaged beef, pork and lamb. Spoilage may
involve development of sliminess and production of
off-odours and off-flavours conferred by short chain
fatty acids (Jay, 1992).
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Pseudomonas spp. are among the most common
aerobic spoilage agents of refrigerated meats. Growth
of Pseudomonas spp., like other Gram-negative psy-
chrotrophs, is affected by oxygen tension and other
factors. During growth, pseudomonas produce pro-
teases and lipases that catalyse reactions causing degra-
dation of protein and fat. The consequence of these
reactions is formation of peptides and fatty acids of
undesirable flavour and odour. Sometimes these bacte-
ria also produce unsightly green pigments (Marth,
1998).

If pathogens are present they may grow and the
meat may become hazardous for consumers. A major
concern associated with packaging fresh meat under
modified atmospheres (MA) is the risk of growth of
psychrotrophic pathogens such as Listeria monocyto-
genes (García de Fernando et al., 1995; Hugas et al.,
1998). Listeria monocytogenes is a mesophilic food-
borne pathogen, which shows psychrotrophic behavi-
our. It is widely distributed in nature and domestic
animals, including sheep, cattle, pigs and fowl, which
can carry L. monocytogenes without exhibiting signs of
disease and whose control in food is difficult by its rela-
tively high tolerance to inhibitory conditions compared
to other food borne pathogens (Farber and Peterkin,
1991). Growth of Listeria monocytogenes in meat pack-
aged under modified atmospheres has been the focus
of many studies, but the effect of CO2 on the growth of
Listeria monocytogenes is not clear, while the effect of
including O2 in the atmosphere is also uncertain
(Wimpfheimer et al., 1990). Hugas et al. (1998) found
that inhibition of Listeria monocytogenes in meats
cannot be achieved by modified atmospheres alone.

Some strains of lactic acid bacteria (LAB) are
antagonistic against many microorganisms, including
spoilage and pathogenic bacteria, because of their pro-
duction of bacteriocins (Aymerich et al., 1998; Jamuna
et al., 2005). It has been suggested that bacteriocin-pro-
ducing lactic acid bacteria might be useful as natural
preservatives to enhance meat shelf life and safety by
inhibiting spoilage and pathogenic bacteria (Bredholt
et al., 2001). The bacteriocinogenic LAB strains exam-
ined in this study grew and produced antimicrobial
substances at refrigeration temperatures. Thus, Lacto-
bacillus sakei CTC 372 or Lactobacillus CTC 711,
originally isolated from meat products could be useful
for the control of microorganisms in refrigerated
meats. Inhibition of spoilage by application to fresh
meat of bacteriocinogenic Lactobacillus sakei CTC 494
(sakacin K-producing) together with modified atmo-
sphere packaging has been reported (Hugas et al.,
1995). Aymerich et al. (2000) characterised Lactobacil-
lus sakei CTC 372 as a sakacin T-producing strain; they
also demonstrated that it can strongly inhibit Listeria
monocytogenes and Staphylococcus aureus. Lactobacil-
lus CTC 711 has not been characterised for bacteriocin
production. However, according to Hugas (personal

communication) it inhibited not only Listeria monocy-
togenes and Staphylococcus aureus but also Gram-
negative bacteria, such as Salmonella and Escherichia
coli. The effects of bacteriocin-producing LAB on
pathogens in meat may be difficult to evaluate because
intrinsic qualities of the product can influence the
activities of bacteriocins (Hugas et al., 2002). The
inhibitory effects of LAB on Listeria monocytogenes
might then be more realistically discussed in broth cul-
tures than with meat (Castellano et al., 2004).

The aims of this study were to examine the effects of
two protective lactic acid bacteria inoculated onto
meat on the preservation of the quality characteristics
of beef steaks stored under CO2-rich atmospheres, as
well as to test the effects of the lactic acid bacteria
against Listeria monocytogenes in broth at various tem-
peratures.

MATERIALS AND METHODS

Material

Meat Samples

The Longissimus dorsi (LD) muscle from a single
beef carcass was obtained at 48h post-mortem (pH
5.6–5.7), and trimmed of external fat. Forty-five steaks,
each 1.5cm thick and weighting about 150g, were asepti-
cally cut and divided into halves. The steak portions were
exposed to air for about 1h at 1°C to allow for blooming.

Bacterial Strains

The strains of lactic acid bacteria used, bacteriocino-
genic Lactobacillus sakei CTC 372 and the uncharac-
terised Lactobacillus CTC 711, were isolated from
meat or meat products (Aymerich et al., 2000) and
kindly provided by Dr M. Hugas (Centro de Tec-
nología de la Carne, IRTA, Monells, Spain). They
were grown on De Man, Rogosa and Sharpe (MRS)
agar (Merck; Darmstadt, Germany) at 30°C.

The indicator strain of Listeria monocytogenes used
in this study was from the Spanish Type Culture Col-
lection (STCC 4031, corresponding to ATCC 15313;
Valencia, Spain) and was kindly provided by Prof. Dr
Sala (University of Zaragoza, Spain). Listeria monocy-
togenes was grown in Triptic Soy Broth (TSB; Biolife,
S.r.l. Milano, Italy) supplemented with 0.6% yeast
extract (YE; Biolife) and maintained on slants of
Tryptic Soy Agar (TSA, Biolife) supplemented with
0.6% of yeast extract. The inoculum was prepared by
transferring one colony of Listeria monocytogenes from
a plate to a test tube containing 5mL of sterile supple-
mented Triptic Soy Broth yeast extract (TSBYE).
After inoculation, the tube was incubated at 36±1°C
for 24h. Erlenmeyer flasks (250mL) containing 50mL
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of triptic soy broth yeast extract were inoculated with
this culture to obtain approximately 106 cfu/mL.

To prepare inocula of LAB, an isolated colony of
each strain was transferred from De Man, Rogosa and
Sharpe agar into a test tube containing 10mL of sterile
De Man, Rogosa and Sharpe broth (Merck; Darm-
stadt, Germany) and incubated overnight at 30°C to
obtain a culture containing approximately 106 cfu/mL.
When necessary, the culture was diluted with De Man,
Rogosa and Sharpe broth to obtain the required cell
population. Stock cultures of lactic acid bacteria strains
were maintained as frozen stocks at �80°C in 20%
(v/v) sterile glycerol (Panreac, Barcelona, Spain).

Methods

Inoculation of Meat with LAB Strains

After blooming, the 90 portions of meat were
divided into three groups of 30 units. One group was
sprayed with a culture of Lactobacillus sakei CTC 372
to inoculate the surface of beef steaks with 104–105

Lactobacillus sakei/cm2. The second group was sim-
ilarly sprayed with a culture of Lactobacillus CTC 711.
The final group of steaks was sprayed with sterile 0.1%
peptone water. Uniform spraying of the surface of beef
steaks was achieved using a spray gun. To ensure that
the inoculum was evenly distributed on meat surfaces,
steaks were selected at random for determination of
population of LAB.

Packaging and Storage

Each meat portion was placed on an expanded poly-
styrene tray (15.5 �21.5�2.5cm). Each tray was
placed into a polyethylene and polyamide (PE/PA,
80/20�m thickness) laminate pouch (Sidlaw Packag-
ing-Soplaril, Barcelona, Spain) with a water vapour
permeability of 5–7g/m2 ·24h at 23°C and oxygen per-
meability of 40–50mL/m2 ·24h ·atm at 23°C. For
pouches containing steaks subjected to the same treat-
ment, 15 were filled with 1.5L of 70% O2/20%
CO2/10% N2 (Abelló Linde S.A.; Barcelona, Spain),
and the other 15 with 1.5L of 60% O2/40% CO2

(Abelló Linde S.A.). The pouches were heat sealed,
and stored in the dark at 1±1°C.

On days 7, 12, 17, 22 and 28 of storage, three packs
from each treatment group with each atmosphere were
opened. One steak from each set of three was used for
microbial sampling, while the other two were used for
sensory analysis and for instrumental and chemical
analyses.

Inhibitory Effect on Listeria monocytogenes

An overnight culture of Listeria monocytogenes was
suspended in triptic soy broth yeast extract, prepared

with 50mM sodium phosphate buffer, pH 5.6–5.7, to
simulate the normal pH of meat. Cultures of Lacto-
bacillus sakei CTC 372 and Lactobacillus CTC 711
were obtained from inoculated meat on day 7 of
storage by swabbing 10cm2 of the meat surface with a
sterile cottonwool swab. Swabs were stirred in 10mL of
0.1% peptone water. One millilitre of each suspension
was added to each of four test tubes containing 10mL
of the suspension of Listeria monocytogenes. The broth
containing LAB and Listeria monocytogenes was incu-
bated for up to 10 days at 3, 8 or 25°C. To prepare the
control samples, uninoculated beef steaks were
swabbed on day 7 of storage and cultures containing
lactic acid bacteria and Listeria monocytogenes were
prepared and incubated as before.

pH Measurements

The meat pH was measured after homogenisation of
5g of meat in distilled water, using a micro pH 2001
meter (CRISON mod.) with an INGOLD type U 402
electrode. Three readings were obtained for each steak
portion.

Microbiological Analysis

Two sterile cottonwool swabs moistened with 0.1%
peptone water were used to swab 10cm2 of the meat
surface delimited by a sterile, stainless steel template.
Swabs were stirred in 10mL of 0.1% peptone water.
Serial ten-fold dilutions were prepared by diluting
1mL in 9mL of 0.1% peptone water. Three plates were
prepared from each dilution by pouring 1mL into the
fluid agar appropriate for each microbial species. LAB
were enumerated in plates of MRS agar, which were
incubated anaerobically at 30°C for 48–72h. Bro-
chothrix thermosphacta were enumerated in plates of
streptomycin thallous acetate actidione (STAA) agar
(Biolife s.r.l.; Milano, Italy), which were incubated aer-
obically at 25°C for 72h. Pseudomonas spp. were enu-
merated in plates of cephaloridine fucidin cetrimide
(CFC) agar (Oxoid; Basingstoke, England) which were
incubated at 25°C for 48–72h (International Commis-
sion of Microbiological Specifications: ICMSF, 1983).
Listeria monocytogenes were enumerated in plates of
PALCAM agar (Merck; Darmstadt, Germany). The
plates were incubated aerobically at 36±1°C for 24 to
48h. The logs of mean values for the counts from
plates were recorded.

Colour Determination

Meat surface colour was measured using a
reflectance spectrophotometer (CM-2002, Minolta,
Osaka, Japan) equipped with a D65 standard illumi-
nant, at 20°C, 30min after package opening, to allow
for colour stabilisation after exposure to air. The
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Commision International de l’Eclairage (CIE) L*, a*,
b* values (CIE 1978) were recorded. Hue-angle (h)
and Chroma (C*) were calculated using the formulae:
h� tan�1 (b*/a*) and C* � (a*2 �b*2)��, respectively.

Metmyoglobin Analysis

The metmyoglobin percentage of the total myoglo-
bin perceptible at the steak surface was estimated spec-
trophotometrically by the method of Stewart et al.
(1965), with measurement of steak surface reflectance
at 525 and 572nm (Minolta CM-2002; Osaka, Japan).
The maximum value of the ratios of (K/S)572 nm to
(K/S)525 nm at the beginning of the experiment was fixed
at 0% MetMb; K and S were the absorption and the
scattering coefficients, respectively, and K/S ratios
were calculated from reflectivity (R�) values using the
Kubelka-Munk equation [K/S� (1�R�)2/2R�]. The
value of 100% MetMb was obtained following the
same procedure after oxidising a sample of meat in a
1% (w/v) solution of potassium ferricyanide (Ledward,
1970). The average value for each steak was the mean
of 20–25 determinations.

Lipid Oxidation

Lipid oxidation was assessed in triplicate by the 2-
thiobarbituric acid (TBA) method of Pfalzgraf et al.
(1995). Thiobarbituric acid reactive substance
(TBARS) values were calculated from a standard
curve of malonaldehyde (MA) and expressed as mg
malonaldehyde/kg meat.

Sensory Evaluation

Meat samples were evaluated for off-odour by a six-
member panel, trained according to the method of
Cross et al. (1978). For rating odour, meat samples pre-
senting different off-odour characteristics within the
range of the evaluation scale were used. Samples used
for rating included packaged beef steaks that were
either fresh or stored at 4 °C for times up to 3 weeks.

In all assessments, beef steaks were evaluated
20min after pack opening. Two samples for each treat-
ment and time were taken as needed from a cold room,
identified with three-digit random population and
placed in polystyrene trays of 15.5cm �21.5cm. Each
panellist received two half steak portions from each
treatment, randomly numbered and served. The
samples for evaluation were presented at room tem-
perature of about 25°C.

The attribute off-odour was rated using a 5-point
descriptive scale: 1 �no off-odour, 2� slight off-odour,
3� little off-odour, 4�moderate off-odour, and
5� strong off-odour (Djenane et al., 2001).
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Figure 1. Population of Pseudomonas spp. recov-
ered from beef steaks stored at 1±1°C under atmos-
pheres of 70% O2/20% CO2/10% N2 (���) or 60%
O2/40% CO2 (���) without being inoculated (��) or
after being inoculated with Lactobacillus sakei CTC
372 (��) or Lactobacillus CTC 711 (��).

Analysis of Data

The significance of differences among treatments
after each day of storage was determined by analysis of
variance using the least square difference (LSD)
method of the General Linear Model procedure of Sta-
tistical Package for Social Sciences (SPSS) program for
Windows, version 6.1.2 (SPSS 1995). All other calcula-
tions were performed using Microsoft Excel, version 5,
statistical functions (Microsoft Corp., Redmond, WA,
USA). Differences were considered significant at the
p�0.05 level.

RESULTS

Few presumptive Pseudomonas spp. were recovered
from steaks after 12 days of storage (Figure 1). The
population of Pseudomonas spp. recovered from
uninoculated steaks packaged in the 40% CO2 atmo-
sphere were 0.8 log units less than the population
recovered from uninoculated steaks packaged in 20%
CO2 atmosphere after 17 days of storage. However,
after 22 days of storage, the population recovered from
uninoculated steaks packaged under either atmosphere
were not significantly different (p	0.05).

Initial population of lactic acid bacteria were less
than 10cfu/cm2 on uninoculated steaks (result not
shown). The inoculated steaks all carried lactic acid
bacteria at 4 to 5 log cfu/cm2. After inoculation with
Lactobacillus sakei CTC 372, the population of
Pseudomonas spp. recovered from steaks were about
one log unit less than the population recovered from
uninoculated steaks after 28 days of storage under both
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CO2 atmospheres. However, the population recovered
from steaks inoculated with Lactobacillus CTC 711
were about one log unit less than the population recov-
ered from uninoculated steaks throughout storage,
when steaks were packaged under 20% CO2. Presump-
tive Brochothrix thermosphacta reached maximum
values of about 5 log cfu/cm2 at the end of storage
(Figure 2). The log population recovered from uninoc-
ulated steaks were similar during 22 days of storage;
but the population recovered from steaks packaged
under 40% CO2 were about one log unit less than the
population recovered from steaks packaged under
20% CO2 after 28 days of storage. The population of
Brochothrix thermosphacta recovered from steaks
inoculated with Lactobacillus sakei CTC 372 were
about 2 log units less than the population recovered
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Figure 2. Population of Brochothrix thermosphacta
recovered from beef steaks stored at 1±1°C under
atmospheres of 70% O2/20% CO2/10% N2 (���) or
60% O2/40% CO2 (���) without being inoculated
(��) or after being inoculated with Lactobacillus
sakei CTC 372 (��) or Lactobacillus CTC 711 (��).

from uninoculated steaks after 28 days of storage
under either CO2 atmosphere. The population recov-
ered from steaks inoculated with Lactobacillus CTC
711 were about one log unit less than the population
recovered from uninoculated steaks throughout
storage when steaks were packaged under 20% CO2.

Neither high CO2 concentrations nor inoculation
with lactic acid bacteria protective strains appeared to
affect metmyoglobin formation (Figure 3). The results
of the Commision International de l’Eclairage indices
of redness (CIE a*, hue and Chroma; data not shown)
agreed with those for metmyoglobin formation. The
pH values of steaks did not differ significantly
(p	0.05) during storage (data not shown).

Neither variation in CO2 concentration, nor inocula-
tion with the protective LAB strains affected the odour
of the meat (Table 1).

Table 1. Sensory panel scores for off-odours of beef steaks packaged under atmospheres containing 20 or 40%
CO2 without or after being inoculated with lactic acid bacteria, after storage at 1±1°C at several times.

Sensory scores* (mean±SD)

Treatments Days of storage

CO2 (%) Inoculum 0 7 12 17 22 28

20 None 1±0.0 1±0.0 1.3±0.4x 2.5±0.3x 3.6±0.2x 4.8±0.3y

20 Lactobacillus sakei CTC 372 1±0.0 1±0.0 1.0±0.0x 2.3±0.6x 3.3±0.4x 4.3±0.2x

20 Lactobacillus CTC 711 1±0.0 1±0.0 1.0±0.0x 2.4±0.5x 3.4±0.5x 4.2±0.3x

40 None 1±0.0 1±0.0 1.2±0.3 2.3±0.6x 3.2±0.4x 4.2±0.4x

40 Lactobacillus sakei CTC 372 1±0.0 1±0.0 1.0±0.0x 2.2±0.4x 3.2±0.4x 4.2±0.3x

40 Lactobacillus CTC 711 1±0.0 1±0.0 1.2±0.3x 2.4±0.5x 3.3±0.4x 4.2±0.2x

*1�No off-odour, 2�Slight off-odour, 3�Little off-odour, 4�Moderate off-odour, 5�Strong off-odour.
xyMean values in the same column are significantly different when accompanied by different superscripts (p�0.05).

Figure 3. Metmyoglobin percentage on the surface
of beef steaks stored at 1±1°C under atmospheres
of 70% O2/20% CO2/10% N2 (���) or 60% O2/40%
CO2 (���) without being inoculated (��) or after
being inoculated with Lactobacillus sakei CTC 372
(��) or Lactobacillus CTC 711 (��).

 © 2006 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at Universidad de Extremadura on February 7, 2007 http://fst.sagepub.comDownloaded from 

http://fst.sagepub.com


After 5 or 7 days incubation at 3 or 8 °C, respec-
tively, and at latter times, Listeria monocytogenes
recovered from broths containing Lactobacillus sakei
CTC 372 or Lactobacillus CTC 711 were substantially
less than the population recovered from broth contain-
ing Listeria monocytogenes only (Figure 4). The pres-
ence of either protective strains resulted in a severe
inactivation of Listeria monocytogenes after 5 days at
25°C. The pH values of broths did not differ signifi-
cantly (p	0.05) during incubation (data not shown).

292 D. DJENANE ET AL.

Figure 4. Effect of meat surface microbial flora
without (�) or with Lactobacillus sakei CTC 372 (�)
or Lactobacillus CTC 711 (�) on the population of
Listeria monocytogenes in broths incubated at (a)
3 °C, (b) 8 °C or (c) 25 °C.

DISCUSSION
Due to consumer demands and convenience at retail

stores, there is great interest in developing modified
atmosphere packaging of consumer-ready cuts of meat.
Spoilage bacteria tolerate high concentrations of O2

and their growth rate can be reduced by including CO2

in the gas mixture. As to the microbiological effects of
CO2 atmospheres, these findings indicated that popu-
lation of bacteria recovered from steaks packaged
under 40% CO2 atmosphere were less than those pack-
aged under 20% CO2. Similar results were observed in
packed steaks for 28 days of storage at 1 °C (Djenane
et al., 2003b). An increase of shelf-life of meat pack-
aged in high CO2 atmospheres was expected and previ-
ously reported (Asensio et al., 1988), as was the
synergistic effect between CO2 and low temperature
(Gill, 1988).

Studies of bacteriocin-producing strains have mainly
focused on the inhibition of food pathogens, but the
effect of these bacteria on specific spoilage organisms is
unknown. The inoculation of steaks with Lactobacillus
sakei CTC 372 reduced the population of
Pseudomonas spp. and Brochothrix thermosphacta on
steaks packed under every CO2 atmosphere. After 28
days of storage, Lactobacillus sakei CTC 372 delayed
microbial growth by about 10 days for steaks packed
under either CO2 atmosphere, as compared with
uninoculated steaks. However, the population of bac-
teria were apparently reduced by inoculation of steaks
with Lactobacillus CTC 711 only when steaks were
packaged under 20% CO2, with bacterial growth being
delayed approximately 9 days in this case. Further
studies are required to explain the ineffectivity of Lac-
tobacillus CTC 711 to inhibit spoilage bacteria in
steaks packed under 40% CO2. Inhibition of spoilage
bacteria on inoculated steaks can be attributed to the
production of bacteriocins by either lactic acid bacteria
strains. The combination of meat packaging under
modified atmosphere and inoculation with bacteriocins
has been shown to reduce the population of Bro-
chothrix thermosphacta, which reached undetectable
levels after 25 days of storage (Tu and Mustapha,
2002).

In this study, Pseudomonas spp. seemed to be the
group most vulnerable to either protective strains of
lactic acid bacteria, and to the lower as well as the
higher concentration of CO2 consequently,
Pseudomonas spp were always minor fractions of the
flora, while Brochothrix thermosphacta was predomi-
nant. If it is accepted that a number of 7 log cfu/cm2 is
the approximate point at which spoilage becomes
apparent (Hunt et al., 2004), the population of the
spoilage flora recovered from uninoculated and inocu-
lated steaks were always less than the population
required for spoilage.

With respect to meat quality characteristics, the
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meat would be acceptable for about 22 days of storage.
The CIE a* values, metmyoglobin percentage and
sensory odour scores during this time of storage might
be considered similar to those of fresh meat. It has
been suggested that 
40% metmyoglobin on the meat
surface might be considered as satisfactory (Greene et
al., 1971). According to this, all the steaks should be
considered satisfactory during the 22 days of storage.
With respect to off-odours, Greene and Cumuze (1981)
found that a TBA reactive substances value of at least
2.0mg malonaldehyde/kg is required for perception of
rancid odours. Results not shown of the present study
showed that TBA reactive substances values were
�2mg malonaldehyde/kg in steaks inoculated by either
protective strain; therefore, they would not present
perceptible off-odours during 3 weeks of storage, what
is in accordance with sensory results.

Steaks inoculated with either protective strains had
lower populations of total psychrotrophic aerobes
throughout storage (results not shown). However, the
reduction in population of total psychrotrophic
aerobes did not result in any extension of the shelf life
of steaks. Those findings suggest that changes in the
colour and odour of steaks packed in modified atmos-
pheres were due to oxidative processes rather than to
the growth of spoilage microorganisms.

The ubiquity of Listeria monocytogenes is well
known. In food and in the environment, as in vivo
infection, Listeria monocytogenes are exposed to many
stress signals that can alter its virulence. According to
Kathariou (2002), stresses caused by heating, freezing,
dehydration, refrigeration, acids and salts, as well the
exposure to disinfectants and other antimicrobial sub-
stances are of special relevance for the physiological
status and virulence of this pathogen in foods. Listeria
monocytogenes was detected in many types of
processed meat products: cooked meats, raw cured
meats, mayonnaise-salads and prepared meals (Uytten-
daele et al., 1999).

Several studies have been conducted using lactic
acid bacteria strains to inhibit Listeria monocytogenes
in dairy, fish and meat products (Hugas et al., 1998;
Ammor et al., 2006). Unfortunately, individual foods
may also be inhibitory towards bacteriocins and thus
reduce or eliminate their efficiency (Ganzle et al.,
1999). It has been shown that the use of lactic acid bac-
teria protective strains was less efficient in foods com-
pared to broths (Budde et al., 2003). Thus, other
studies have examined their effect only in broth cul-
tures and extrapolated results to a wider range of uses.
This may be in part explained by a more thorough
contact between Listeria monocytogenes and bacteri-
ocin in broth than in meat, which seems to be crucial
for the efficacy of the protective culture. An even dis-
tribution of lactic acid bacteria on the surface of the
product was also found to be essential for the antiliste-
rial activity. Tsigarida et al. (2000) found that volatile

compounds of oregano essential oil are capable of
affecting growth of microbial association of meat
stored at modified atmospheres; however, such inhibi-
tion is not as strong as that due to the contact of pure
essential oil with microorganisms when this is added
directly on the surface of meat.

In the present study, the authors used a high inocu-
lum in broth of Listeria monocytogenes in order to
assure that the presence of a high population of other
bacteria would not give rise to inhibition because of
microbial competition. The effect of the inoculated
lactic acid bacteria on Listeria monocytogenes was by
far higher at 25°C than at the lower temperatures. Lac-
tobacillus sakei CTC 372 or Lactobacillus CTC 711
inhibited Listeria monocytogenes in broth by 70.24 and
64.30%, respectively after 10 days of incubation. Inacti-
vation of Listeria monocytogenes at 25°C can be attrib-
uted to the rapid growth and early production of
bacteriocins by the bacteriocinogenic strains of lactic
acid bacteria at this temperature. But inhibition of Lis-
teria monocytogenes was substantial at refrigeration
temperatures also. At 8 °C, inhibitions by Lactobacillus
sakei CTC 372 or Lactobacillus CTC 711 were 32.70
and 20.72%, respectively, after 10 days incubation. But
at 3 °C, Lactobacillus sakei CTC 372 or Lactobacillus
CTC 711 inhibited Listeria monocytogenes by 36.5 or
29.5%, respectively. Mataragas et al. (2003) found that
the bacteriocins were able to inhibit strains of different
Listeria species. Also, the bacteriocins or the LAB as
protective strains were able to inhibit Listeria spp. in
contaminated meat products, with complete inhibition
of the pathogen after two weeks of storage. The
enhancement of the antilisterial efficacy of bacterio-
cinogenic protective culture had already been shown in
broth in previous reports (Schillinger et al., 1998). Inhi-
bition of pathogenic microorganisms by lactic acid bac-
teria may be due to the effect of one or synergism
between several mechanisms, such as lowering of pH,
competition for nutrients, production of organic acid,
hydrogen peroxide, gas composition of atmosphere or
antimicrobial substances such as bacteriocins (Drosi-
nos and Board, 1994).

In the samples inoculated with the lactic acid bacte-
ria, the population of Listeria monocytogenes
decreased, probably due to the production of bacteri-
ocin. Listeria monocytogenes population, in the pres-
ence of the lactic acid bacteria strains, firstly increased
and then decreased. This may be explained by the fact
that the bacteriocins are produced after 24–48h and
they reach the maximum activity after 7 days of incu-
bation at all temperatures.

Experiments were conducted at higher tempera-
tures in order to simulate possible temperature abuse
throughout the meat commercial chain. Inhibition of
Listeria monocytogenes by lactic acid bacteria at low
temperatures has been reported in broth or on meat or
salmon (Katla et al., 2001; Castellano et al., 2004). That
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contrast with reports of the higher production of bacteri-
ocin by LAB at low temperature than at temperatures
optimal for growth (Hugas et al., 1998). In accordance
with the findings of this study, Luchansky et al. (1992)
reported that Listeria monocytogenes was inhibited at
25°C but not at 4°C on meat inoculated with Listeria
monocytogenes and lactic acid bacteria. Inoculation with
protective strains did not significantly alter the pH of
either steaks or broths (results not shown); so pH was
not a factor in the inhibition of bacteria growth.

CONCLUSION

This study demonstrated that 40% CO2 atmosphere
exerted a significant inhibitory effect on the growth of
spoilage bacteria on steaks. Lactic acid bacteria protec-
tive strains Lactobacillus sakei CTC 372 or Lactobacil-
lus CTC 711 might be useful as natural preservatives
for further controlling spoilage bacteria, as well as pro-
viding a hurdle to the growth of Listeria monocyto-
genes at either refrigeration or abusive temperatures.
Neither the increase of CO2 in the packaging atmo-
sphere, inoculation with lactic acid bacteria protective
strains, nor a combination of both, resulted in any
modification of meat quality characteristics.

ACKNOWLEDGEMENTS

This research was supported by project grants ALI
96-0587 and AGL 2000-1407 from the Comisión Inter-
ministerial de Ciencia y Tecnología (CICYT). D.
Djenane was the recipient of a fellowship from the
Agencia Española de Cooperación Internacional
(A.E.C.I.). L. Martínez had a fellowship of the Gob-
ierno de Aragón (grant B072/2001). The authors wish
to thank Prof. Dr. F.J. Sala and Dr. M. Hugas, who
kindly provided the strains of Listeria monocytogenes
and lactic acid bacteria, respectively and Abelló Linde
S.A. (Spain), which provided the packaging equipment
and gas mixtures. The assistance of Mrs. Olga Isla
Corral is greatly acknowledged.

REFERENCES

Ammor S., Tauveron G., Dufour E. and Chevallier I.
(2006). Antibacterial activity of lactic acid bacteria
against spoilage and pathogenic bacteria isolated from
the same meat small-scale facility: behaviour of patho-
genic and spoilage bacteria in dual species biofilms
including a bacteriocin-like-producing lactic acid bacte-
ria. Food Control 17: 462–468.

Asensio M.A., Ordóñez J.A. and Sanz B. (1988). Effect of
carbon dioxide and oxygen enriched atmospheres on
the shelf-life of refrigerated pork packed in plastic
bags. Journal of Food Protection 51: 356–360.

Aymerich M.T., Hugas M. and Monfort J.M. (1998).
Review: Bacteriocinogenic lactic acid bacteria associ-
ated with meat products. Food Science and Technology
International 4: 141–158.

Aymerich M.T., Garriga M., Monfort J.M., Nes I. and
Hugas M. (2000). Bacteriocin-producing lactobacilli in
Spanish-style fermented sausages: characterization of
bacteriocins. Food Microbiology 17: 33–45.

Bredholt S., Nesbakken T. and Holck A. (2001). Indus-
trial application of an antilisterial of Lactobacillus sakei
as a protective culture and its effect on the sensory
acceptability of cooked, sliced, vacuum-packaged
meats. International Journal of Food Microbiology 66:
191–196.

Budde B.B., Hornbaek T., Jacobsen T., Barkholt V. and
Koch A.G. (2003). Leuconostoc carnosum 4010 has the
potential as a new protective culture for vacuum-
packed meats: culture isolation, bacteriocin identifica-
tion, and meat application. International Journal of
Food Microbiology 83: 171–184.

Castellano P.H., Holzapfel W.H. and Vignolo G.M.
(2004). The control of Listeria innocua and Lactobacil-
lus sakei in broth and meat slurry with the bacterio-
cinogenic strain Lactobacillus casei CRL 705. Food
Microbiology 21: 291–298.

CIE (1978). Recommendations on Uniform Color
Spaces–Color Difference Equations Psychometric Color
Terms. Supplement No. 2 to CIE Publication No. 15
(E-1.3.1) 1971/(TC-1.3.). Paris: Commision Inter-
national de l’Eclairage.

Cross H.R., Moen R. and Stanfield M.S. (1978). Training
and testing of judges for sensory analysis of meat
quality. Food Technology 32(7): 48–54.

Djenane D., Sánchez-Escalante A., Beltrán J.A. and Ron-
calés P. (2001). Extension of the retail display life of
fresh beef packaged in modified atmosphere by varying
lighting conditions. Journal of Food Science 66:
181–186.

Djenane D., Sánchez-Escalante A., Beltrán J.A. and Ron-
calés P. (2003a). Extension of the shelf life of beef
steaks packaged in a modified atmosphere by treat-
ment with rosemary and displayed under UV-free
lighting. Meat Science 64: 417–426.

Djenane D., Sánchez-Escalante A., Beltrán J.A. and Ron-
calés P. (2003b). The shelf life of beef steaks treated
with DL-lactic acid and antioxidants and stored under
modified atmospheres. Food Microbiology 20: 1–7.

Djenane D., Meddahi A. and Roncalés P. (2006). Les sys-
tèmes antioxydants et antimicrobiens pour la préserva-
tion de la viande. Sciences des Aliments 26: 37–73.

Drosinos E.H. and Board R.G. (1994). Growth of Listeria
monocytogenes in meat juice under a modified atmo-
sphere at 4 °C with or without members of a microbial
association from chilled lamb under a modified atmo-
sphere. Letters in Applied Microbiology 19: 134–137.

Farber T.M. and Peterkin P.I. (1991). Listeria monocyto-
genes: a food-borne pathogen. Microbiology Reviews
55: 476–511.

Ganzle M.G., Weber S. and Hammes W.P. (1999). Effect

294 D. DJENANE ET AL.

 © 2006 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at Universidad de Extremadura on February 7, 2007 http://fst.sagepub.comDownloaded from 

http://fst.sagepub.com


of ecological factors on the inhibitory spectrum and
activity of bacteriocins. International Journal of Food
Microbiology 46: 207–217.

García de Fernando G.D., Nychas G.J.E., Peck M.W. and
Ordóñez J.A. (1995). Growth/survival of psy-
chrotrophic pathogens on meat packaged under modi-
fied atmospheres. International Journal of Food
Microbiology 28: 221–231.

Gill C.O. (1988). The solubility of carbon dioxide in meat.
Meat Science 22: 65–71.

Greene B.E. and Cumuze T.H. (1981). Relationship
between TBA-numbers and inexperienced panelists
assessments of oxidized flavor in cooked beef. Journal
of Food Science 47: 52–54, 58.

Greene B.E., Hsin I.M. and Zipser M.W. (1971). Retarda-
tion of oxidative color changes in raw ground beef.
Journal of Food Science 36: 940–942.

Hugas M., Garriga M., Aymerich T. and Monfort J.M.
(1995). Inhibition of L. monocytogenes in dry fer-
mented sausages by the bacteriocinogenic Lactobacil-
lus sakei CTC 494. Journal of Applied Bacteriology 79:
322–330.

Hugas M., Pagés F., Garriga M. and Monfort J.M. (1998).
Application of the bacteriocinogenic Lactobacillus
sakei CTC 494 to prevent growth of L. monocytogenes
in fresh and cooked meat products packed with differ-
ent atmospheres. Food Microbiology 15: 639–650.

Hugas M., Garriga M., Pascual M., Aymerich M.T. and
Monfort J.M. (2002). Enhancement of sakacin K activ-
ity against Listeria monocytogenes in fermented
sausages with pepper or manganese as ingredients.
Food Microbiology 19: 519–528.

Hunt M.C., Mancini R.A., Hachmeister K.A., Kropf
D.H., Merriman M., Delduca G. and Milliken G.
(2004). Carbon monoxide in modified atmosphere
packaging affects color, shelf-life, and microorganisms
of beef steaks and ground beef. Journal of Food
Science 69: 45–52.

ICMSF (1983). Microorganisms in foods their significance
and methods of enumeration. In: Elliott R.P., Clark
D.S., Lewis K.H., Lundbeck H., Olson J.C. Jr and
Simonsen B. (eds) International Commission of Micro-
biological Specifications for Foods. Vol. 1, Toronto.
University of Toronto Press.

Jamuna M., Babusha S.T. and Jeevaratnam K. (2005).
Inhibitory efficacy of nisin and bacteriocins from Lac-
tobacillus isolates against food spoilage and pathogenic
organisms in model and food systems. Food Microbiol-
ogy 22: 449–454.

Jay J.M. (1992). Modern Food Microbiology. 4th edn.
New York: Chapman & Hall.

Kathariou S. (2002). Listeria monocytogenes virulence
and pathogenicity, a food safety perspective. Journal of
Food Protection 65: 1811–1829.

Katla T., Møretrø T., Aasen I.M., Holck A., Axelsson L.
and Naterstad K. (2001). Inhibition of L. monocyto-
genes in cold smoked salmon by addition of sakacin P

and/or live Lactobacillus sakei cultures. Food Microbi-
ology 18: 431–439.

Ledward D.A. (1970). Metmyoglobin formation in beef
stored in carbon dioxide enriched and oxygen depleted
atmospheres. Journal of Food Science 35: 33–37.

Luchansky J.B., Glass K.A., Harsono K.D., Degnan A.,
Faith N.G. and Cauvin B. (1992). Genomic analysis of
Pediococcus starter cultures to control L. monocyto-
genes in turkey summer sausage. Applied Environ-
mental Microbiology 58: 3053–3059.

Martínez L., Djenane D., Cilla I., Beltrán J.A. and Ron-
calés P. (2005). Effect of different concentrations of
carbon dioxide and low concentration of carbon
monoxide on the shelf-life of fresh pork sausages pack-
aged in modified atmosphere. Meat Science 71:
563–570.

Marth E.H. (1998). Extended shelf life refrigerated foods.
Food Technology 52: 57–62.

Mataragas M., Drosinos E.H. and Metaxopoulos J.
(2003). Antagonistic activity of lactic acid bacteria
against Listeria monocytogenes in sliced cooked cured
pork shoulder stored under vacuum or modified atmo-
sphere at 4±2°C. Food Microbiology 20: 259–265.

Pfalzgraf A., Frigg M. and Steinhart H. (1995). Alpha
tocopherol contents and lipid oxidation in pork muscle
and adipose tissue during storage. Journal of Agricul-
tural and Food Chemistry 43: 1339–1342.

Schillinger U., Chung H.S., Keppler K. and Holzapfel
W.H. (1998). Use of bacteriocinogenic lactic acid bac-
teria to inhibit spontaneous nisin-resistant mutants of
Listeria monocytoenes Scott A. Journal of Applied
Microbiology 85: 657–663.

SPSS (1995). SPSS for Windows 6.1.2. Chicago: SPSS Inc.
Stewart M.R., Zipser M.W. and Watts B.M. (1965). The

use of reflectance spectrophotometry for the assay of
raw meat pigments. Journal of Food Science 30:
464–469.

Tsigarida E., Skandamis P.N. and Nychas G.-J.E. (2000).
Behaviour of Listeria monocytogenes and autochtho-
nous flora on meat stored under aerobic, vacuum and
modified atmosphere packaging conditions with or
without the presence of oregano essential oil at 5 °C.
Journal of Applied Microbiology 89: 901–909.

Tu L. and Mustapha A. (2002). Reduction of Brochothrix
thermosphacta and Salmonella serotype Typhimurium
on vacuum packaged fresh beef treated with nisin and
nisin combined with EDTA. Journal of Food Science
67: 302–306.

Uyttendaele M., De Troy P. and Debevere J. (1999). Inci-
dence of Listeria monocytogenes in different types of
meat products on the Belgian retail market. Inter-
national Journal of Food Microbiology 53: 75–80.

Wimpfheimer L., Altman N.S. and Hotchkiss J.H. (1990).
Growth of L. monocytogenes Scott A, serotype 4 and
competitive spoilage organisms in raw chicken pack-
aged under modified atmospheres and in air. Inter-
national Journal of Food Microbiology 11: 205–214.

Effect of Lactic Acid Bacteria on Beef Steak Microbial Flora 295

 © 2006 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at Universidad de Extremadura on February 7, 2007 http://fst.sagepub.comDownloaded from 

http://fst.sagepub.com



