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One hundred three isolates of Carnobacterium spp. from raw meat were analyzed by random amplification
of polymorphic DNA (RAPD) and PCR and were identified by 16S rRNA gene sequencing. Forty-five strains
of Carnobacterium maltaromaticum were characterized for their growth capabilities at different temperatures,
NaCl concentrations, and pH values and for in vitro lipolytic and proteolytic activities. Moreover, their spoilage
potential in meat was investigated by analyzing the release of volatile organic compounds (VOCs) in meat
stored in air or vacuum packs. Almost all the strains were able to grow at 4, 10, and 20°C, at pH values of 6
to 9, and in the presence of 2.5% NaCl. The release of VOCs by each strain in beef stored at 4°C in air and
vacuum packs was evaluated by headspace solid-phase microextraction (HS-SPME)-gas chromatography-mass
spectrometry (GC-MS) analysis. All the meat samples inoculated and stored in air showed higher numbers of
VOCs than the vacuum-packed meat samples. Acetoin, 1-octen-3-ol, and butanoic acid were the compounds
most frequently found under both storage conditions. The contaminated meat samples were evaluated by a
sensory panel; the results indicated that for all sensory odors, no effect of strain was significant (P > 0.05). The
storage conditions significantly affected (P < 0.05) the perception of dairy, spoiled-meat, and mozzarella cheese
odors, which were more intense in meat stored in air than in vacuum packs but were never very intense. In
conclusion, different strains of C. maltaromaticum can grow efficiently in meat stored at low temperatures both
in air and in vacuum packs, producing volatile molecules with low sensory impacts, with a negligible contri-
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bution to meat spoilage overall.

Carnobacteria are ubiquitous lactic acid bacteria (LAB) oc-
curring in different environments, including fish, meat, and a
variety of other foods (15, 27, 35, 36). The genus Carnobacte-
rium is currently divided into 10 species: Carnobacterium alter-
funditum, C. divergens, C. funditum, C. gallinarum, C. inhibens,
C. maltaromaticum, C. mobile, C. viridans, C. pleistocenium,
and C. jeotgali, a new species isolated from a traditional Ko-
rean fermented food (21). Only two species, C. divergens and C.
maltaromaticum, are frequently isolated from various foods,
including fish, meat, and some dairy products (27). The occur-
rence of Carnobacterium in dairy products and other foods is
most likely underestimated, since its growth is inhibited by the
acetate contained in MRS agar and Rogosa agar, which are
commonly used for the enumeration of LAB (7, 39, 42). C.
divergens and C. maltaromaticum can also grow in meat prod-
ucts at low temperatures (19, 39) and are frequently predom-
inant members of the microbial community of raw meat (beef,
pork, lamb, and poultry). They are found in meat products
stored aerobically, in vacuum packaging, or in modified-atmo-
sphere packaging (MAP) (25, 44). Although in the studies
cited above C. maltaromaticum and C. divergens were the prev-
alent species among lactic acid bacteria, the results showed no
potential role as spoilage bacteria.
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Carnobacterium species are currently the subject of research
interest particularly aimed at exploring protective cultures to
inhibit pathogenic and spoilage microorganisms in meat and
fish (25, 26).

Carnobacterium spp. are psychrotrophic bacteria that are
able to grow in meat products at temperatures as low as
1.5°C (19), which is why they may be responsible for rapid
spoilage during the storage of meat. Little is known regard-
ing the ability of Carnobacterium spp. to produce flavor-
associated metabolites in chilled foods. One strain of C.
maltaromaticum has been found to produce flavor-associ-
ated metabolites in vacuum-packed beef (12), while other
Carnobacterium spp. have been found to influence the sen-
sory characteristics of MAP-stored shrimp in association
with Brochothrix thermosphacta (26), even though few
strains were studied. Most of the studies describe the isola-
tion and characterization of C. divergens and C. maltaromati-
cum from meat and seafood (1, 20, 27, 37). Others report
the ability of these species to produce volatile organic com-
pounds in laboratory media (22, 23), while data on the
production of spoilage-associated molecules in food by a
large number of different strains are lacking. The develop-
ment of organoleptic spoilage is related to microbial con-
sumption of meat nutrients, such as sugars and free amino
acids, and the release of undesired volatile metabolites that
affect the sensory quality of the meat.

The aim of this study was to identify and characterize Car-
nobacterium sp. isolates from meat and to investigate the spoil-
age potential of the strains identified in air-stored and vacuum-
packed meat.
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MATERIALS AND METHODS

Isolation of bacteria. Beef samples (longissimus dorsi) before and after stor-
age in air or vacuum packs for 20 days (34) were used as sources for the isolation
on cresol red thallium acetate sucrose inulin (CTSI) agar (46) of Carnobacterium
spp. after incubation at 20°C for 10 days. One hundred three isolates were
obtained and characterized in this study. The purified isolates were characterized
by microscopic observation, Gram staining, and catalase reactions. Moreover,
three strains of C. maltaromaticum (2M, 7M, and 9P) previously identified (12)
were also characterized in this study, while C. maltaromaticum strain DSM20342
was from the Deutsche Sammlung von Mikroorganismen und Zellkulturen
(DSMZ). The strains used in this study were routinely grown in tryptone soy
broth (TSB), and the working cultures were maintained in TSB with 25% glyc-
erol at —20°C.

DNA extraction. DNA was extracted using the Wizard DNA purification kit
(Promega, Madison, WI) according to the manufacturer’s instructions. After
DNA precipitation with 0.7 volume of isopropanol, the resulting pellet was
washed with 70% ethanol. Finally, 5 pl of 10X RNase buffer and 0.5 pl of RNase
(Promega) were added, and the solution was incubated at 37°C for 30 min. The
DNA extracted was stored at —20°C.

Molecular typing by RAPD-PCR and cluster analysis. Random amplification
of polymorphic DNA (RAPD)-PCR was used for molecular typing of the 107
isolates. Primers XD5 (5'-CTGGCGGCTG-3") (12) and 239 (5'-CTGAAGCG
GA-3") (32) were used. PCRs were carried out in 25 pl of reaction mixture with
20 ng of the template DNA as described previously (12). The amplified products
were resolved by electrophoresis on a 1.5% (wt/vol) agarose gel with Tris-borate-
EDTA (TBE) at 7 V em ™! for 2.5 h. A 1-kb DNA ladder (Invitrogen) was used
as the molecular weight marker. The gels were acquired using a Gel Doc appa-
ratus (Bio-Rad).

A database of fingerprints was created by using Bionumerics software, version
5.1 (Applied Maths, St. Martens Latem, Belgium). A combined data matrix of all
the fingerprints obtained using two different RAPD-PCR conditions was defined,
and a similarity dendrogram was created by using the Dice coefficient and the
UPGMA (unweighted-pair group method using arithmetic means) clustering
algorithm (43).

Sequencing. In order to amplify the 16S rRNA gene, oligonucleotide primers
fD1 (5'-AGAGTTTGATCCTGGCTCAG-3') and rD1 (5'-AAGGAGGTGAT
CCAGCC-3'), described by Weisburg et al. (47), were used. 16S rRNA gene
sequencing for identification was performed on representative isolates chosen on
the basis of molecular typing by RAPD-PCR. The PCR mixture and conditions
have been reported previously (12). PCR products from the 16S rRNA gene (1.6
kb) were purified with the QIAquick PCR purification kit (Qiagen) according to
the supplier’s instructions. The DNA sequence was determined by the dideoxy
chain termination method by using the primer fD1 (47). DNA sequence align-
ments were performed using the National Center for Biotechnology Information
(NCBI) online GenBank tools (2).

Effects of temperature, NaCl, and pH on the growth of C. maltaromaticum.
Forty-five strains were selected for characterization as representative of clusters
obtained after the comparison of RAPD-PCR fingerprints. In order to evaluate
the effects of temperature, NaCl, and pH on the growth of C. maltaromaticum,
the strains used in this study were grown in TSB at 4, 10, 20, or 40°C, in TSB
supplemented with 2.5%, 5.5%, or 8.5% (wt/vol) NaCl at 20°C, or in TSB
adjusted to pH 2 to 11 at 20°C. TSB medium was adjusted to the appropriate pH
by using either 0.1 N HCl or 1 N NaOH. Strains with an initial optical density
(OD) of 0.1 were inoculated in triplicate in a 0.2-ml volume of each medium.
Growth curves at different NaCl concentrations and at different pH values were
obtained at the optimal growth temperature of 20°C for 40 h by using the 96-well
BioTek EIx808 microtiter plate reader at 600 nm (BioTek Instruments, Inc.,
Winooski, VT), with readings performed every 30 min. Spectrophotometric data
were processed by a modified Gompertz equation (48) in order to calculate the
growth curve parameters, i.e., lag time, maximum growth rate (j,,,,), and max-
imum population level. Results were calculated as the means of three determi-
nations. Carbohydrate utilization patterns were determined by using API 50CHL
kit (bio-Mérieux, Marcy I’Etoile, France) according to the manufacturer’s in-
structions.

Proteolytic and lipolytic activities. Beef sarcoplasmic proteins were extracted
as described by Mauriello et al. (30). The proteolytic activities of the 45 C.
maltaromaticum strains were determined according to the work of Villani et al.
(45). Lipolytic activity was tested on Spirit Blue agar plates supplemented with a
mixture of olive oil and Tween 80 according to the supplier’s instructions (Sigma,
Milan, Italy) with Staphylococcus aureus ATCC 25923 as a positive control.
Duplicate plates were inoculated with streaks of the C. maltaromaticum strains
and were incubated for 3 days at 20°C and 4°C, respectively. After the incubation,
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lipolytic activity was detected by the formation of a clear zone around the colony
(18).

Meat contamination by C. maltaromaticum and storage in air and vacuum
packs. The 45 strains of C. maltaromaticum were further characterized for their
spoilage potential in meat that was stored in air or vacuum packed. Beef muscles
(longissimus dorsi) were superficially decontaminated as described previously
(12), and meat chops (about 40 g) were cut from the internal part of the muscle
and were spiked with suspensions of each of the strains mentioned above in
quarter-strength Ringer’s solution (Oxoid) to reach a final concentration of 10°
to 10* CFU g L. To obtain this concentration, 1 ml of each overnight culture was
used to make 3 decimal dilutions in quarter-strength Ringer’s solution, and 1 ml
of the 103 dilution was used to inoculate the meat chops. The microbial load of
the inoculated meat was routinely checked to ensure that the desired inoculum
was always reached.

The strains were inoculated singly, and noninoculated meat chops were in-
cluded as controls; the experiments were performed in duplicate (the same strain
was inoculated into two different pieces of meat; the two pieces of meat were
stored under identical conditions and were analyzed separately). In each exper-
iment, two meat chops were inoculated with a single strain of C. maltaromaticum
one chop was stored in air, and the other was packed under a vacuum. For air
storage, the contaminated meat was placed in glass bottles (500 ml) and was
incubated at 4°C for 7 days (11). Another portion of the contaminated meat was
vacuum packed using a bag (200 by 300 mm) of plastic barrier film (low-density
polyethylene; oxygen transmission rate, 0.83 cm > m~2 h™! at 23°C; Cryovac
BB3050, provided by Cryovac Sealed Air S.r.l., Milan, Italy) and was stored
under a vacuum at 4°C for 7 days. After 0 and 7 days of storage in air and vacuum
packs, viable counts were performed on CTSI agar.

Determination of volatile organic compounds (VOCs) by gas chromatogra-
phy-mass spectrometry (GC-MS). Chemical analyses of contaminated meat were
performed after 0 and 7 days of storage at 4°C in air or vacuum packs.

For the headspace solid-phase microextraction (HS-SPME)-GC-MS analysis
of meat samples stored in air, the fiber was inserted through a septum directly
into a 500-ml bottle used to store the meat in air. For the HS-SPME-GC-MS
analysis of vacuum-packaged meat, the samples were transferred to the 500-ml
bottles and were analyzed under the same conditions used for samples stored in
air. The SPME fiber (carboxen [ CAR]-divinylbenzene [DVB]-polydimethylsilox-
ane [PDMS]; Supelco, Sigma-Aldrich, Bornem, Belgium) was immersed in the
HS of the glass for 1 h at room temperature. Thermal desorption of the analytes
from the fiber inside the GC injection port was carried out in the split mode
(1/10) at a desorption temperature of 250°C for 1 min. All samples were analyzed
with an HP7890A GC coupled to an HP5975C quadrupole mass spectrometer
(Agilent Technologies, Santa Clara, CA). The gas chromatograph was equipped
with an HP-5ms capillary column (length, 30 m; inner diameter, 0.25 mm), and
the carrier gas used was helium (1 ml min~'). For the analysis of volatile
compounds, the GC oven temperature was programmed from 40°C (held for 7
min) to 180°C at 5°C/min. The masses were scanned on an m/z range of 45 to 350
atomic mass units (amu). For the identification of volatile components, the NIST
library and comparison with the spectra and retention times of standards were
used.

The compounds identified by the use of standards purchased from Sigma-
Aldrich (St. Louis, MO) were acetoin, 2-heptanone, 3-octanone, hexanal, hept-
anal, 2-heptenal, 2-octenal, nonanal, decanal, 1-hexanol, 3-methyl-1-butanol,
2-butoxyethanol, heptanol, 1-octen-3-ol, 1-octanol, 2-octen-1-ol, phenylethyl al-
cohol, 2-ethyl-1-hexanol, butanoic acid, hexanoic acid, nonanoic acid, and tetra-
decanal. The remaining compounds were identified by library comparison of the
mass spectra.

Calibration was performed by spiking sterile meat samples (meat matrix; in
fact, possible interactions between volatiles and meat texture can modify the
partitioning of molecules between the headspace and the meat surface) with
y-butyrolactone (2 pg for all samples) and with the standards listed above at 5
concentration levels in ranges where the goodness of fit of linear regression was
evaluated (%, =0.95). As many as 3 replicates of determinations were performed.

The matrix formed by the mean values of the VOCs across the 45 samples was
analyzed by means of hierarchical cluster analysis (average linkage method) to
identify groups of strains based on the degrees of similarity among their volatile
components. Similarity dendrograms were obtained both for strains after 7 days
of storage in air and for strains after 7 days of storage in vacuum packs.

All the statistical analyses were performed using Systat software, version 5.2.1
for Mac.

Sensory analysis. Samples of meat contaminated with one of nine C. maltaro-
maticum strains (2M, D1202, Ic75, 1175, B1201, H173, 1173, B175, 1174), which
represented the similarity groups based on VOC profile analysis, were used for
sensory analysis along with noncontaminated control samples (stored both in air
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and in vacuum packs) in order to determine whether there were differences
between strains in terms of perceived odors. Sensory analysis was carried out
after storage of meat at 4°C for 7 days in air or vacuum packs. Eight judges
participated in the panel to evaluate the odor profiles of the samples. The judges
were selected for their sensory abilities and their experience in evaluation of the
odors of spoiled meat from a previous work (11). The samples were presented in
bottles in such a way that the nature of the samples could not be seen; they were
equilibrated for 30 min at room temperature and were then served individually
to the judges. During each session, four inoculated samples and one control
sample were evaluated; each was tested in a randomized design with 3 replica-
tions, identified by 3 random-digit codes. Thirteen attributes were evaluated by
using continuous 10-cm scales anchored by scores of 0 (absent) and 10 (extremely
intense).

Data were collected by means of FIZZ Acquisition software (Biosystemes,
Couternon, France) and were analyzed by two-way analysis of variance
(ANOVA) (SPSS, version 13.0) in order to evaluate the effects of both the strain
and the storage condition.

RESULTS

Isolation of Carnobacterium spp. from meat and molecular
typing. After purification and preliminary characterization, the
Gram-positive and catalase-negative bacterial isolates were an-
alyzed by RAPD-PCR. A considerable portion of the 103 iso-
lates were grouped in clusters with a very high level of simi-
larity (data not shown). After the first screening, all the strains
displaying a similarity value below 95% with any of the others
were selected for identification by 16S rRNA gene sequencing.
Three strains were identified as C. divergens (99% similarity;
closest relative, GenBank accession number AM179875) and
41 were identified as C. maltaromaticum (99% similarity; clos-
est relative, accession number AY543035). A dendrogram
showing the sequence similarities among the strains and with
the 16S rRNA gene sequences of C. maltaromaticum ATCC
27865 (DSM20342) and C. divergens ATCC 35677 is shown in
Fig. S1 in the supplemental material.

RAPD-PCR fingerprints and a similarity dendrogram of the
41 C. maltaromaticum isolates and the 4 reference strains are
reported in Fig. 1, where the isolation time is also indicated. It
was possible to obtain four subclusters: subcluster A grouped
strains isolated from the same meat samples stored for 7 days;
subcluster C grouped eight strains with the same isolation time
(20 days); subclusters B and D included strains from different
sources and with different isolation times; and strain D1203
could not be included in the other subclusters.

Effects of temperature, NaCl, and pH on the growth of C.
maltaromaticum. The 45 strains of C. maltaromaticum were
characterized by the analysis of growth curves under differ-
ent conditions. Growth occurred between 4 and 40°C in the
presence of 2.5 and 5.5% (wt/vol) NaCl and at pH 6 to 10.
Spectrophotometric growth data were processed by a mod-
ified Gompertz equation to calculate the lag time, .., and
maximum population level. The results of growth at 4, 10,
and 40°C could not be modeled by the Gompertz equation.
All the strains tested were able to grow at 20°C; 40 strains
grew at 4 and 10°C; and only 10 strains grew at 40°C (data
not shown). The values of the growth curve parameters at
different pH values and different NaCl concentrations are
plotted as heat maps in Fig. S2 and S3 in the supplemental
material, respectively. The growth curve parameters were
affected by both pH values (see Fig. S2) and salinity (see
Fig. S3).

All the strains produced acid from ribose, p-glucose, p-fruc-
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tose, D-mannose, N-acetylglucosamine, amygdalin, arbutin, es-
culin, cellobiose, saccharose, trehalose, and B-gentiobiose.
However, D1201 and H171 produced acid from maltose and
melezitose, whereas 1204, Ic73, and DSM20342 produced acid
from lactose (data not shown). None of the strains analyzed in
this study showed lipolytic or proteolytic activity at either 20°C
or 4°C.

Production of volatile organic compounds (VOCs) in beef.
The initial viable counts of contaminated meat samples on
CTSI agar ranged from 10° to 10* CFU g ', and the load
increased to 107 CFU g~ ' after 1 week of incubation at 4°C
both in air and under a vacuum (Table 1). By GC-MS analysis,
33 and 24 VOCs were identified in the HS of meat samples
inoculated with the 45 C. maltaromaticum strains stored in air
and vacuum packs, respectively.

The volatile metabolites listed in Tables 2 to 5 were absent
in sterile (control) samples; therefore, the VOCs were de-
tected only when samples were inoculated with C. maltaromati-
cum strains. Experimental replicates were performed for 40%
of the strains and failed to show qualitative differences, since
the type and number of VOCs for each strain were the same;
however, quantitative differences, ranging from 2 to 250%,
were detected (data not shown).

The volatile fraction of contaminated meat samples included
esters, aldehydes, ketones, alcohols, carboxylic acids, and sul-
fur compounds (Table 2). All the meat samples inoculated and
stored in air showed higher numbers of VOCs than the sam-
ples stored under a vacuum.

Compounds such as 3-methyl-1-butanol, heptanol, 3-oc-
tanone, and hexanal, which were detected in inoculated meat
stored in air for 7 days at 4°C, were not detected in vacuum
packages. The compounds detected from the majority of the
inoculated meat samples in vacuum packaging were acetoin,
butanoic acid, and 1-octen-3-ol (Table 2). Acetoin, 2-hep-
tanone, 3-octanone, 3-methyl-1-butanol, heptanol, 1-octen-3-ol,
2-ethyl-1-hexanol, 2-octen-1-ol, butanoic acid, hexanoic acid,
and 2-pentylfuran were produced in air by more than 50% of
the strains (Table 2).

Representative chromatograms obtained for meat samples
contaminated with two strains of C. maltaromaticum (D1203
and L171, which showed the highest numbers of metabolites in
air and under a vacuum, respectively) after storage in air and
vacuum packs at 4°C are reported in Fig. 2. The profiles clearly
indicated that the occurrence of VOCs was influenced by the
storage conditions.

The quantities of VOCs in meat samples inoculated with 45
strains of C. maltaromaticum in air and vacuum packs are
reported in Tables 3, 4, and 5. The highest number of VOCs
was found in meat samples inoculated with strain D1203, 1174,
H1203, or L171 after 7 days of storage in air (Table 3). In
contrast, about 93% of the strains showed fewer than six VOCs
in stored vacuum-packed meat.

Five aldehydes were detected during air storage, with
hexanal showing the highest quantity (Table 3). Conversely, in
vacuum-packed meat, only nonanal and tetradecanal were de-
tected, and their concentrations were low (Table 5). Acetoin
was the ketone most commonly found in the headspace of
meat samples stored in air and in vacuum packaging (Tables 3
and 5). High levels of acetoin were detected in samples inoc-
ulated with strain 2M, 9P, or H173 and stored in air (Table 3)
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FIG. 1. Similarity dendrogram generated by RAPD-PCR fingerprints. A combined data matrix of all the fingerprints was defined, and the similarity
dendrogram was obtained by using the UPGMA (unweighted-pair group method using arithmetic means) clustering algorithm (43). The strain designations and
times of isolation are given on the right (0, beef at time zero; 7, beef after 7 days of storage at 4°C; 20, beef after 20 days of storage at 4°C).

and in samples inoculated with strain 1174 or Ic73 and stored
in vacuum packs (Table 5). High levels of 3-octanone were
recorded for meat samples inoculated with C. maltaromaticum
strain 2M or 1174 and stored in air (Table 3). Butanoic acid was

observed in most of the inoculated meat samples under both
storage conditions. Strains 2M and Ic73 were the strongest
producers of butanoic acid in air storage and vacuum packag-
ing, respectively (Tables 3 and 5). Finally, the levels of alcohols
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TABLE 1. Viable counts on CTSI agar of Carnobacterium spp. in
inoculated and uninoculated” meat samples after 0 and 7
days of storage at 4°C in air and vacuum packs

ApPL. ENVIRON. MICROBIOL.

TABLE 2. Numbers of C. maltaromaticum strains associated with
the production of specific VOCs in meat samples after 7 days
of storage at 4°C in air and vacuum packs

Viable count (CFU g~')” in:

No. of strains” in:

Compound
Sample Air Vacuum pack Air Vacuum pack
Day 0 Day 7 Day 0 Day 7 Sulfur compounds
Thiopheneb 12 7
Control 0 0 0 0 . b
HO4 28x 100 35x107  11x10' 2.0 107 Dimethy) sulfide” > :
4 5 5 5 -Methylthiophenol 12 19
104 1.8 X 10 6.3 x 10 5.8 x 10 1.0 X 10 2-Ethylthiophene” 3 3
105 58%x10°  15x107 21x10* 1.0 107 Dimethyl o fonch 3 18
B175 50x10*  36x107  15x10°  4.6x 107 ¥
F271 14x10* 17x107 19x10*  59x 107
Hc7l 23% 104 88x10°  1.1x10* 48X 107 Ki‘;‘;‘fginc 37 38
Hc73 1.2 x 10* 7.8 X 10° 6.1 x 10° 6.7 X 107 2-Heptanone® 36 1
H171 12X 10  18%x107  1.6x10* 1.6 x 107 ph 1-2-h b
HI72 15%10 10x107  17x10° 68 107 gl(\)/l(itagor?e eptanone 3§ 8
H173 22x10* 40x107  83x10°  41x 10’
H175 1.6 X 10* 2.8 X 107 4.4 x10° 4.8 X 107
1c72 28% 104 50x107  17x10* 32X 107 Alglee};yaiflc » 0
1c73 3.3 x 10* 9.5 X 10° 2.3 x 10* 8.4 x 107 Heptanal® 1 0
1c74 38x10* 35x107 12x10°  55x 107 2—pr: tenal® 6 0
Ic75 42x 10 31x107  42x10° 1.6 x 107 Benzgldeh e 4 2
171 87x10°  13x107 13x10*  63x 10’ 2-0ctenalfy 15 1
1172 1.8x10* 75x107  31x10*  1.9x 10’ Nonanal® 19 N
1173 13x10° 23x107 12x10*  1.0x 107 .
1174 33x 104 21x107 27%x10* 86X 107 %S'Dln’lfthylbenzaldehydeb 1:; §
175 LOX 104 41x 107  25x10° 44 107 Tetmdecanal® 14 3
Lc72 33x 100 21x107 47x10*  81x107
L171 13X10*  58x107 25X 100 60x107 4
M173 6.2 X 10* 3.2 % 107 8.4 % 10° 3.3 x 107 c
B1201 L1x100 82107 55x10°  60x107 ooyl ibutanol > 0
D1201 22x 100 34x107 11x10° 3.6 x 107 > Butoxvethanol® 12 0
D1202 29x10*  62x107  26x10°  1.6Xx 107 He ta:(})llc 2% 0
D1203 13x10* 91x107  11x10*  1.0x 107 1_(§’den_3_olc 0 25
D1204 22x10*  87x107  20x10*  7.6X10° 2-Ethyl-1-hexanol® 31 19
D1205 1.7 x 10* 7.8 X 107 3.0 X 10° 1.8 x 107 l-OthnolC 16 1
F1201 13%10° 12x107  26x10° 24 x107 2-Octen-1-0l° 29 4
F1202 2.0 x 10* 1.0 X 107 6.4 X< 10° 1.0 X 107 Phenvlethvl al c
4 5 5 5 enylethyl alcohol 8 4
F1204 4.6 X 10 1.0 X 10 8.6 X 10 1.0 X 10 3-Phenoxy-l-propanol” 3 5
F1205 26x10°  63x107  77X10° 2.0 % 107 Trideonmop TP g :
Hc203 31x10*  80x10°  19x10°  82x 107
H1201 37x 100 12x107 12x10*  92x 107 I
H1202 22%10°  TAX107  24x10°  13x 107 CAhowlic acids u ”
H1203 28X 10°  63x107  95x10° 1.8 x10’ Hexanoic acid® 30 7
H1205 24x10* 1.6x107  26x10°  15x10 Nonanoic acid 1 25
1204 15%10* 59x107 19x10*  1.8x 10’
11203 43x10* 1.0x107  22x10°  1.6Xx 107
M 20x 10 82x107  17x10°  30x107  Furan compound (2-pentylfuran)” 3 2
™ 3.0 X 10° 7.4 %107 4.0 x 10 2.9 %107 “Data are relative to the quantitative determination of the different com-
9P 2.6 X 10° 8.0 X 107 9.0 X 10° 1.5 x 107 pounds, including those occurring in traces.
DSM?20342 1.2 x 10* 5.2 % 107 2.7 % 10* 2.2 %107 ? Identified by comparison of the mass spectrum with the NIST library.

“ Ten samples of uninoculated meat were used as negative controls both in air
and in vacuum packs.

> Expressed as a mean based on duplicate experiments. Standard deviations
were always lower than 20% of the means.

detected were also higher in air-stored meat (Tables 4 and 5).
The highest quantities of 1-octen-3-ol and 3-methyl-1-butanol
were found in samples stored in air and were present in sam-
ples contaminated by most strains (Table 4). In vacuum-
packed meat, 1-octen-3-ol was the most abundant alcohol pro-
duced (Table 5).

The similarity dendrograms based on quantitative data
showed that, within the same storage conditions, a very high
level of similarity was found between the 45 strains used

(Fig. 3).

¢ Identified by comparison with the mass spectrum and retention time of a
known standard.

Sensory analysis. ANOVA results showed no significant
strain effect (P > 0.05) for any of the sensory odors; thus, no
sensory differences were found between inoculated and control
samples. However, the storage conditions significantly (P <
0.05) affected the intensity of dairy, spoiled-meat, and mozza-
rella cheese odors (Table 6). In particular, dairy, spoiled-meat,
and mozzarella cheese odors were perceived as more intense in
samples stored in air than in those stored in vacuum packs
(Fig. 4). In all cases, the odor intensity was lower than the
average intensity (5.0) in the evaluation scale (from 0.0 to
10.0). The perceived differences in intensity were more ev-
ident for dairy and mozzarella cheese odors than for the
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FIG. 2. Total ion current chromatograms obtained by HS-SPME-GC-MS analysis for meat samples contaminated with C. maltaromaticum
D1203 and L171. The contaminated meat samples had initial viable counts of 10* CFU g~! on CTSI agar, and the load increased to 107 CFU g~!
after 1 week of incubation at 4°C both in air and under a vacuum (Table 1). (A) D1203 after 7 days of storage in air; (B) D1203 after 7 days of
storage in a vacuum pack; (C) L171 after 7 days of storage in air; (D) L171 after 7 days of storage in a vacuum pack. The numbers given alongside
the spectra correspond to the different compounds detected, as follows: 1, thiophene; 2, acetoin; 3, 3-methyl-1-butanol; 4, butanoic acid; 5,
1-hexanol; 6, 2-heptanone; 7, dimethyl sulfide; 8, benzaldehyde; 9, heptanol; 10, 1-octen-3-ol; 11, 3-octanone; 12, 2-pentylfuran; 13, hexanoic acid;
14, 2-ethyl-1-hexanol; 15, 2-ethylthiophene; 16, 1-octanol; 17, 2-octenal; 18, 2-octen-1-ol; 19, nonanal; 20, phenylethyl alcohol; 21, 3,5-dimethyl-
benzaldehyde; 22, decanal; 23, 4-methylthiophenol; 24, 3-phenoxy-1-propanol; 25, tridecanol; 26, tetradecanal.
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Vor. 77, 2011 CARNOBACTERIUM MALTAROMATICUM AND MEAT SPOILAGE 7389
TABLE 4. Mean levels of alcohols detected in the headspace of meat samples inoculated with 45 strains of
C. maltaromaticum after 7 days of storage at 4°C in air
Amt of alcohol (pg)*
Strain 3M Phenylethyl
-Methyl-1-butanol ~ 1-Hexanol  2-Butoxyethanol  Heptanol 1-Octen-3-ol  2-Ethyl-1-hexanol 2-Octen-1-ol 1-Octanol alcohol

HO04 — — 41.63 = 0.69 — — — — — —
104 — — 311 =11 — — — — — —
105 — — 13.53 £ 0.53 — 2.56 = 0.51 — — — —
B175 90.6 = 1.6 33.01 £0.46 1722 048 10.11 = 0.33 — — — — —
F271 — — 3.37+0.49 — 0.610 = 0.030 — — — —
Hc71 1422 =74 — — — 203.83 = 0.40 418 +0.32 4.46 + 0.42 — —
Hc73 1175 = 4.6 3493 £0.13  60.72£0.56 16.61 £0.53  206.75 * 0.67 1.52 £ 0.32 — — —
H171 93.1*52 26.58 £0.53 12794 =035 11.07 = 0.53 1445+ 1.2 — 2.84 £0.26 — —
H172 30.7 = 4.7 7.23 +0.41 — — 48.58 = 0.54 5.20 = 0.20 1.54 £0.32 — —
H173 160.4 + 8.5 41.61 =055  40.60 = 0.57 15.63 =0.53 249.73 = 0.75 — 6.030 = 0.540 — —
H175 38.6 £ 1.5 11.61 £ 0.67  46.72x0.76  3.930 = 0.080  53.54 + 0.80 1.94 = 0.16 1.14 = 0.14 — —
1c72 161.7 = 8.4 — — — 239.31 = 0.63 20.47 = 0.56 11.00 = 024 1717 =035 1,004.5 = 3.0
1c73 39.40 = 0.98 12.62 £ 0.65  81.00 = 0.17 — 433 +1.2 0.590 = 0.030 1.62 £ 0.21 — —
1c74 221*1.6 — — — 17.67 + 0.74 1.77 = 0.20 — — —
1c75 — — — 3.42+0.70 0.940 = 0.080  0.090 = 0.010 — — —
1171 525+24 — — — 1.23 £0.25 0.44 = 0.13 — — —
1172 412+ 1.6 10.62 + 0.65 — 3.25+043 663+ 1.3 143+ 1.1 279 =0.21 0.290 = 0.030  15.12 = 0.66
1173 7.07 = 0.85 1.26 £ 0.37 — — 8.99 = 0.45 1.08 = 0.14 0.550 = 0.070 0.150 = 0.040 6.43 +0.40
1174 481.6 = 7.6 179.20 = 0.91 — 36.67 £0.56  919.56 * 0.97 469 1.9 26.990 = 0.080 1.930 = 0.080  113.9 = 8.6
1175 — — — — 49.08 = 0.40 — — — —
Lc72 129.8 + 8.4 — — 18.34 + 0.57 3.82+0.24 0.810 = 0.030 — — —
L171 1015 =52 — — 10.45 = 0.51  105.25 = 0.24 0.91 +0.14 131 033 19.62 +0.64 1,204.1*7.7
M173 72.8 £ 6.1 21.85*£0.77 1299+ 022 457*+051 128.10 = 0.32 0.910 = 0.070 473 +023 0.300=*0.010 18.67 = 0.39
B1201 2422+ 8.4 149.97 = 0.47 — 30.03 £ 0.45 786.2 £ 1.1 24.65 = 0.33 29.75£0.51  6.43 = 0.89 431 = 11
D1201 159 = 11 96.41 = 0.57 — 15.81 £ 033 47598 + 0.16 — 18.05 = 0.59  0.810 = 0.050 450 = 1.5
D1202 185 = 11 9225 +0.53 — 18.42 = 038 480.93 + 0.32 6.47 = 0.31 12.86 + 026  1.04 = 0.22 772 %26
D1203 1953 9.5 151.93 = 0.65 — 13.19 = 0.32 4264 + 1.0 1.070 = 0.080 2317033 0.930 = 0.080 49.95 + 0.15
D1204 61.5*13 76.17 £ 0.40 — 737*+0.69 171.70 = 0.84 5.84 =037 13.03 = 0.22  0.650 = 0.030 —
D1205 120 = 10 74.24 = 0.51 — 7.01 =0.20 275.83 =0.92 0.660 = 0.070 10.78 £ 0.27  5.16 = 0.47 33912
F1201 54+29 — 283 +2.6 — 11.17 = 0.39 0.44 = 0.12 — — —
F1202 — — — — 1728 = 1.1 6.58 * 0.42 9.60 = 0.62 — —
F1204 28.0 £ 3.0 — — — 905.40 = 0.83 66.51 = 0.58 —_ — —
F1205 169 £5.8 — — 2.03 +0.16 48.42 = 0.52 — 3.39+0.34 — —
Hc203 — — — 1485 = 9.8 12545 = 1.2 47.63 = 0.64 62.12 = 0.31 — —
H1201 1623 = 9.7 — — — 103.11 = 0.96 5.11 £0.14 0.950 = 0.070 — —
H1202 53855 65.1*+23 — 5.15*+037 137.61 = 0.38 — 11.080 = 0.080 — —
H1203 458 + 2.5 39.8+1.3 — 524 +040 12554 +0.51 — 12.71 £ 039 0.190 = 0.020  12.10 + 0.30
H1205 31.9+43 — 486+023 418033 91.38 = 0.47 — 9.48 =0.47 0.160 = 0.020  10.21 = 0.30
1c204 110.0 = 8.6 1,398.6 £ 2.3 — 50.45 =059  288.72 + 0.94 — 2216 £ 034 1.37x0.18 93.8 £5.2
11201 295 %25 55.44 = 0.78 — 4.90 =037  92.990 = 0.030 0.98 = 0.12 11.67 = 041 0.54 £ 0.10 38.57 = 0.61
11203 — — — — 524.77 = 0.31 13.97 = 0.11 30.050 = 0.330 — —
2M 604 = 10 — — 198.7 6.8 29975+ 3.4 36.8 1.0 — — —
™ — — — — 40.25 = 0.78 0.310 = 0.030 0.59 = 0.16 — —
9P — — — — 254.60 = 0.55 9.14 £0.25 — — —
DSM20342 — — — 295 +0.15 22.06 = 0.99 0.300 = 0.030 — — —

“ Quantities were determined in the headspace of meat samples analyzed as described in Materials and Methods. The results are expressed as mean values for volatile

»

metabolites from 3 “technical repeats
detection/quantification limit.

spoiled-meat odor, for which mean values ranged from 1.7
to 2.1 (Fig. 4).

DISCUSSION

Enterobacteriaceae, B. thermosphacta, Pseudomonas spp.,
and LAB are frequently found in meat and are reported to be
important players in meat spoilage dynamics (13, 33, 38). C.
divergens and C. maltaromaticum strains were dominant in
vacuum-packaged meat (19) and have been found to possess
extensive potential for meat spoilage (12, 25). Our isolates
were identified by 16S rRNA gene sequencing and were bio-
typed by RAPD-PCR. Almost all the strains were able to grow
at 4, 10, and 20°C, while only 10 strains grew at 40°C. Gener-
ally, the growth curve parameters were affected by pH and
salinity. Our results are in agreement with those of other au-
thors who found that a C. divergens strain was able to grow
between 0 and 37°C, in 0 to 10% (wt/vol) NaCl, and at pH 5 to
10 (37), and also with those of another study where Carnobac-

+ standard deviations. The volatile metabolites listed in this table were absent from sterile (control) samples. —, under the

terium spp. were able to grow between 0 and 30°C, in 0 to 6%
(wt/vol) NaCl, and at pH 5.5 to 9.1 (20). The results obtained
in this study showed that 89% of the strains could be regarded
as psychrotrophic bacteria, while 100% of the strains grew at
pH 6 to 9 and in the presence of 2.5% NaCl. Acidity and salt
concentrations negatively affected the growth of C. maltaro-
maticum. Hammes and Hertel (17) emphasized that the non-
aciduric behavior of C. maltaromaticum is the reason why it has
rarely been isolated from fermented sausages.

The roles of 45 C. maltaromaticum strains in the develop-
ment of spoilage-related molecules during meat storage were
evaluated. A higher diversity of VOCs was found in samples
analyzed after storage in air than in samples stored under a
vacuum. Since the 45 C. maltaromaticum strains analyzed
could grow both in air and in vacuum packs, it was the pack-
aging conditions that induced changes in the metabolic activ-
ities of Carnobacterium spp., as previously reported (28). The
strains that induced high frequencies of certain molecules
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TABLE 5. Mean levels of ketones, aldehydes, acids, and alcohols detected in the headspace of meat samples inoculated with 45 strains of
C. maltaromaticum after 7 days of storage at 4°C in vacuum packs

Amt of compound (pg)”

Strain Aldehydes Acids Alcohols
Ketone
(acetoin) Nonanal Tetradecanal Butanoic Hexanoic Nonanoic 1-Octen-3-ol 2-Ethyl-1-hexanol 2-Octen-1-ol Ph:lzglhegilyl

H04 104.33 = 0.70 — 1,890 = 11 — — — — — —
104 115.0 =22 — 363 = 20 — — — — — —
105 74.52 * 0.56 — — 1,705 = 13 — — — — — —
B175 4713 =22 — — 25,853 = 60 — — 365.8 £ 3.6 6.86 = 0.23 — —
F271 1125+ 14 — — — — — 92.08 + 0.67 2.15+0.13 — —
Hc71 126.39 + 0.54 — 3822+1.2 — — 1423 + 1.3 0.690 = 0.020 — —
Hc73 43.57 £ 0.54 — 539.18 + 0.89 — — 17.54 £ 0.52 — — —
H171 113.57 £ 0.71 — — 3,400.0 = 1.4 — — — 3.040 = 0.090 — —
H172 126.8 = 1.2 — — 2,074 * 14 — — 69.15 + 0.67 — — —
H173 263.7 £ 4.4 — — 8,599.3 82 9,138.7=8.6 34.44 +0.52 99.19 + 0.66 1.22 +0.12 — —
H175 530.62 = 0.61 — — 3,681.0 = 1.0 — — — — — 3284 *1.6
Ic72 306.2 = 1.1 9.59 £ 0.23 — — — — 361.1 = 1.1 1.26 = 0.18 — —
Ic73 10,933 + 10 — — 45,671 = 15 — — 2119 = 1.0 — — —
Ic74 — — — 7,157.4 = 3.0 3278 £ 4.8 — — — — 460.9 = 1.0
1c75 68.58 £ 0.54 — — 1,8722 £ 2.8 — — 137.61 + 0.62 — — —
1171 0.160 = 0.030 — 7.78 = 0.17 — — 40.92 = 0.94 0.640 = 0.060 — —
1172 0.0800 *+ 0.0010 — — — — — — — — —
1173 323.7 + 1.6 — — 15,298.0 = 2.6 — — — — — —
1174 14,644 + 25 — — 37,9055 =52 — — — — — —
1175 651.0 £ 2.6 — 4,090.2 + 2.0 — — 36.85 £ 0.24 1.15+0.14 — —
Lc72 — — — 6,446.7 + 6.8 — — 33.32 £ 0.60 0.830 = 0.060  12.31 = 0.59 —
L171 0.230 = 0.050  2.970 = 0.080 0.310 * 0.050 7,175 22 24502+ 1.0 — — 0.700 = 0.020 — —
M173 1,451 =13 — — 8,790.4 + 2.4 44862 *+53 4056 +=0.59  319.36 = 0.65 — — —
B1201 396.0 £ 3.7 — — 6,300.2 + 6.2 — — — 6.070 = 0.070 — —
D1201 2245+24 — 3,814 £ 15 — — — — — —
D1202 2455 +9.7 — — — — — 1.89 + 013 — —
D1203 36.56 * 0.55 — — 559.5 32 — — 86.2 = 1.1 1.920 = 0.040 — —
D1204 412+ 1.1 — — 926.9 * 2.7 — — — 3.09 +0.17 — —
D1205 212.6 £ 8.7 — — — — — 2526 £2.2 — — —
F1201 — — — — — 141.64 + 0.66 4.38 = 0.34 — —
F1202 500.2 £2.0 — — — — — — — —
F1204 229.6 = 1.6 — — — — — — — — —
F1205 15.19 = 0.26 — — 1,088.4 = 2.8 — — 31.64 £ 0.57 0.890 = 0.020 — —
Hc203 1,202 = 17 — — 5,208.6 * 8.4 — — 511.8 1.5 — — —
H1201 767.0 £ 3.6 — 5993.7 6.8 10,282 = 16 — 258.7+1.2 — — —
H1202 3735+72 — 0.570 = 0.050 (339 +21) - 10 — — 239.41 = 0.54 — 136.4 = 4.1 —
H1203 96.5 = 1.0 8.89 +0.20 — — — — 295.8 + 1.0 — 1.84 = 0.12 —
H1205 921+ 11 — — — — — 192.64 + 0.48 — 140.0 = 1.0 —
1c204 — — — 18,097 x 22 — — 267.1 1.0 — — 60.67 + 0.60
11201 — — — — — — — — —
11203 2414 =15 — — 14,086 = 16 — — 2557 = 1.1 516 =0.22 — —
2M 73.76 + 0.73 — — — — — — — — —
™ 316 12 — — 14,362 * 11 978.0 £ 2.7 — — 0.440 = 0.040 — —

9p 59.0 1.0 — 12,695 + 17 1,939 = 19 — — 18.25 = 0.36 — 63.8 1.6
DSM20342 91.5 2.7 — 3,756.8 = 6.0 — — 27.48 £ 0.52 — — —

“ Quantities were determined in the headspace of meat samples analyzed as described in Materials and Methods. The results are expressed as mean values for volatile
metabolites from 3 “technical repeats” * standard deviations. The volatile metabolites listed in this table were absent from sterile (control) samples. —, under the

detection/quantification limit.

when meat was stored in air did not necessarily determine high
quantities of the same compounds during storage in vacuum
packs. The compounds most frequently found under both stor-
age conditions were acetoin, 1-octen-3-ol, and butanoic acid.
Acetoin was produced by more than 80% of the strains under
both storage conditions.

C. divergens and C. maltaromaticum are able to use ribose
and gluconic acid as substrates for growth (4, 10) and may also
produce acetoin, diacetyl, and 2,3-butanediol upon citrate con-
sumption (3, 16). Both species have been shown to produce
acetate, acetoin, CO,, ethanol, formate, lactate, and many al-
cohols from glucose in laboratory media (6). High concentra-
tions of acetoin from C. maltaromaticum have also been found
in a sausage mince (24). Moreover, high concentrations of
diacetyl have been found in batches of shrimp inoculated with
different mixtures of C. maltaromaticum and C. divergens (25).

Acetoin is considered an important component of flavor. Its
presence is related to a creamy dairy odor (40, 41), and Dainty

et al. (9) have reported that the accumulation of acetoin was
not unpleasant and caused the meat to be regarded not as
spoiled but rather as “not fresh.” Another important odor-
active volatile compound detected in this study was 1-octen-3-
ol, a common oxidized product from lipids, which was also
found in meat and shrimp inoculated with strains of C. mal-
taromaticum and C. divergens (12, 26). Butanoic acid was the
main carboxylic acid produced in all the samples analyzed. This
compound is commonly associated with meat spoilage (19) and
can derive from microbial consumption of free amino acids via
the Stickland reaction (29). There was considerable production
of alcohols and aldehydes in all meat samples inoculated with
different C. maltaromaticum strains and stored in air at 4°C.
3-Methyl-1-butanol and 2-ethyl-1-hexanol were the most fre-
quently detected alcohols after 1-octen-3-ol. High concentra-
tions of 3-methyl-1-butanol were found in shrimp inoculated
with C. maltaromaticum (26). Several aldehydes and alcohols
known to derive from lipid oxidation in meat are absent from
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FIG. 3. Similarity dendrograms based on quantitative data for VOCs detected in meat inoculated with 45 strains of C. maltaromaticum. (A) C.
maltaromaticum strains after 7 days of storage in air at 4°C. (B) C. maltaromaticum strains after 7 days of storage in vacuum packs.

samples stored under a vacuum. 3-Methyl-1-butanol from leu-
cine catabolism was detected only in samples stored in air,
while phenylethyl alcohol and benzaldehyde derived from phe-
nylalanine catabolism occurred only at low frequencies under a
vacuum in comparison with storage in air (14, 40). Some
ketones, such as 6-methyl-2-heptanone and 3-octanone, were
also detected only in air. These results clearly indicate a met-
abolic shift of the C. maltaromaticum strains during growth in
meat stored in vacuum packs.

On the basis of the occurrence and concentrations of
3-methyl-1-butanol, 1-octen-3-ol, butanoic acid, and acetoin
under both storage conditions, these could be regarded as the
main spoilage molecules produced by Carnobacterium spp.
1-Octen-3-ol is reported to be a key odorant in most cheeses

and is a main odor-active compound of soft cheese (8).
3-Methyl-1-butanol with acetoin/diacetyl is associated with
cheesy odors of meat (5), while butanoic acid, with a rancid
cheese-like odor, plays an important role in the flavor of many
cheeses (8) and is commonly associated with meat spoilage
(19).

In order to investigate the effects of the different strains and
storage conditions and the synergistic effect of VOCs on the
sensory impact of meat, sensory evaluation of the contami-
nated meat samples was performed. Sensory analysis showed
that the panelists could distinguish between the samples on the
basis of the storage conditions, but the strains did not produce
different sensory profiles. Accordingly, similarity dendrograms
of quantitative GC-MS data indicated that, within the same
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TABLE 6. Effects of the strain inoculated” and the storage condition
on the meat odor profile as determined by ANOVA

P
Odor
Strain Storage condition
Salami 0.96 0.66
Dairy 0.29 <0.001
Pungent 0.98 0.21
Mushroom 0.88 0.17
Spoiled meat 0.68 0.03
Putrid 0.67 0.11
Mozzarella cheese 0.94 <0.001
Meat broth 0.53 0.43
Fruity 0.90 0.91
Yeast 0.77 0.49
Ammoniac 0.71 0.45
Alcohol 0.92 0.98
Canned legumes 0.28 0.06

“n = 10 (9 inoculated samples and 1 control sample).

storage conditions, the 45 different C. maltaromaticum strains
displayed a very high level of similarity, suggesting that within
this species there is weak strain variability in the metabolic
activities performed in meat. The dairy and mozzarella cheese
odors enabled a clear differentiation of the storage conditions,
since the samples stored in air smelled much more of these
odors than meat stored in vacuum packs. This result is prob-
ably due to the occurrence and concentrations of the dominant
molecules and is also supported by quantitative data on VOCs.
The strains involved in the sensory evaluation produced high
concentrations of 1-octen-3-ol and 3-methyl-1-butanol during
storage in air, which could result in the dairy and mozzarella
cheese off-odors in meat. As reported above, 1-octen-3-ol can
be a determinant in the flavor of some cheeses (8), while
3-methyl-1-butanol, found only in air, is also identified as a
compound that confers a pleasant aroma of fresh mozzarella
(31). In similar research, the same panel used in this study
evaluated the sensory impact of Pseudomonas fragi strains in
meat (11). The sensory scores for the different descriptors were
higher in P. fragi-inoculated meat (11) than in the meat sam-
ples studied here, which can be considered a further confirma-
tion of the low sensory impact of Carnobacterium spp. in meat.

5 - o vacuum
a air

4

3

2

14

0 T

dairy spoiled meat mozzarella

cheese

FIG. 4. Mean odor intensities (= standard errors) of samples
stored in air and in vacuum packs. Both the means and the standard
errors were calculated across all the samples (n = 10).

ApPL. ENVIRON. MICROBIOL.

This is certainly a favorable finding for the possible employ-
ment of specific strains as protective cultures.

In conclusion, different molecular types of C. maltaromati-
cum can grow efficiently in meat stored at low temperatures
both in air and in vacuum packs, producing volatile molecules
with potential odor impacts. The release of such molecules is
more evident during storage in air than under a vacuum, even
though these molecules do not necessarily affect the sensory
quality of meat. Although C. maltaromaticum is recognized as
one of the dominant LAB occurring during meat storage, the
contribution of cultures of carnobacteria to meat spoilage in
the absence of other microorganisms is negligible at bacterial
levels reaching log 7 CFU g~ .
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