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Some psychrotrophic lactic acid bacteria (LAB) are specific meat spoilage organisms in modified-atmo-
sphere-packaged (MAP), cold-stored meat products. To determine if incoming broilers or the production plant
environment is a source of spoilage LAB, a total of 86, 122, and 447 LAB isolates from broiler carcasses,
production plant air, and MAP broiler products, respectively, were characterized using a library of HindIII
restriction fragment length polymorphism (RFLP) patterns of the 16 and 23S rRNA genes as operational
taxonomic units in numerical analyses. Six hundred thirteen LAB isolates from the total of 655 clustered in 29
groups considered to be species specific. Sixty-four percent of product isolates clustered either with Carnobac-
terium divergens or with Carnobacterium maltaromaticum type strains. The third major product-associated
cluster (17% of isolates) was formed by unknown LAB. Representative strains from these three clusters were
analyzed for the phylogeny of their 16S rRNA genes. This analysis verified that the two largest RFLP clusters
consisted of carnobacteria and showed that the unknown LAB group consisted of Lactococcus spp. No product-
associated LAB were detected in broiler carcasses sampled at the beginning of slaughter, whereas carnobac-
teria and lactococci, along with some other specific meat spoilage LAB, were recovered from processing plant
air at many sites. This study reveals that incoming broiler chickens are not major sources of psychrotrophic
spoilage LAB, whereas the detection of these organisms from the air of the processing environment highlights

the role of processing facilities as sources of LAB contamination.

Contamination of modified-atmosphere-packaged (MAP)
meat products with specific psychrotrophic lactic acid bacteria
(LAB) may result in rapid spoilage during the expected shelf
life (4, 9, 11, 16) and is thus a major concern of the modern
meat industry. Due to the ability of these LAB to grow at
refrigerated temperatures and survive the elevated levels of
CO, in the modified atmospheres, they can proliferate to be-
come a major portion of the microbial population of MAP
meat products, whereas the growth of aerobic spoilage bacteria
and Enterobacteriaceae is restricted (11, 24). The typical meat
spoilage changes caused by LAB are an off-odor, an off-taste,
gas or slime formation, and/or discolorations (4, 11, 13, 24).
These sensory defects become evident after the spoilage LAB
population has remained in the stationary-growth phase (22).
Usually, LAB levels above 107 CFU/g are then detected. LAB
are not equal in their meat spoilage potentials. The genera
associated with quality deterioration in MAP fresh meats in-
clude Carnobacterium, Lactobacillus, and Leuconostoc (11, 24).
While spoilage LAB populations in MAP beef, pork, and
cooked meat products have been well documented and also
reviewed in the literature (11, 14, 24, 29, 30), few publications
have dealt with LAB levels and species in retail MAP poultry.
These studies have focused mainly on marinated products due
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to their high LAB counts (8, 31) and the unexpected, rapidly
developing gaseous type of spoilage caused by Leuconostoc
gasicomitatum (4).

There are no data on sources of specific spoilage LAB in
poultry slaughter and processing. Although incoming live
broiler chickens introduce vast indigenous LAB populations to
slaughterhouses, little is known about the LAB species variety
associated with broilers. While the LAB in chicken gastroin-
testinal and respiratory tracts have been reported to belong
mainly to the genera of Lactobacillus, Enterococcus, and Strep-
tococcus (15, 17, 25), no research has focused on showing if
psychrotrophic meat spoilage LAB belong to the microbiome
of broilers. Since some spoilage LAB have been associated
with meat products from certain animal species, the animal has
been considered to be the source of contamination. The tem-
perature of the chicken intestine (body temperature, 41 to
42°C) is too high to support the colonization of the intestinal
mucosa by psychrotrophic LAB, which usually do not grow at
temperatures exceeding 37°C (4, 20, 21, 23). However, it is not
known if broiler skin, feathers, or mucous membranes of lower
temperatures harbor psychrotrophic spoilage LAB.

The aim of this study was to determine whether the skin or
mucous membranes of broilers harbor psychrotrophic LAB or
whether, alternatively, products become contaminated with
these bacteria during further processing stages. For the latter
possibility, we chose monitoring of airborne LAB, since roof-
attached hanging conveyers expose carcasses to airborne con-
tamination. To allow the comparison between LAB in broilers,
the processing environment, and products, psychrotrophic
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10 20 30 40 50 60 70 80 90 100% Species Strain Ribotype
N N N N N M N N N s - MEKJ15 Ia
Leuconostoc gasicomitatum LMG 18811"
1E21.3 Ib
1 1E21.5 Ib
MKIJ13 Ic
—i —i i MKIJ11 Ic
MAFS37 1
—{ :] Leuconostoc gelidum NCFB 2775"
] T MKIJ25 ITa
) MKIJ33 ITa
] MKFS51 I1Tb
A Leuconostoc carnosum NCFB 2776
T MKKR48 IVa
MAKR26 IVa
1 ] 1 Streptococcus parauberis LMG 12173
] 1E39.4 Vb
IEIV.5 Ve
— ] 1N . 1E40.5 Ve
:] MARL72 v
C ) Lactococcus garvieae LMG 8893"
7 MKRIL25 Via
M Carnobacterium maltaromaticum ATCC 35586"
MKKR110 VIb
MAFS29 VIb
MKKR27 Vic
MKKR59 Vid
MKKR14 Vie
MKRL210 VIf
[_i MKRL16 VIf
| - T MARLS510 Vig
MARLI15 VTh
— 153 1 3 MARLSS VIh
I - MSRL33 Ul
n 1l B MSKR12 Vila
] Lactobacillus oligofermentans LMG 22743"
) MARL13 VIIb
] Lactobacillus oligofermentans DSM 15709
1] 11 MKRL31 Vilc
—i i MKFS28
T MAFS31 VIlla
Lactobacillus sakei subsp. carnosus CCUG 34545
MKJ39 VIIIb
Lactobacillus sakei subsp. sakei DSM 20017"
MAFS13 Vilic
MAFS15 Vilic
_| Lactobacillus sakei subsp. carnosus CCUG 313317
] MKFS18 (811
) T MSRL1102. IXa
i | Carnobacterium divergens ATCC 35677"
MKIJ510 IXb
MKJ38 IXb
1) MSRL17 IXc
MARLI11 IXc
11 MKJ24 IXd
1 MKJ37 IXd
3 MKF25 X
) ] Lactobacillus curvatus DSM 20019"
MKIJ35 X1
1 ‘11a ] Lactobacillus fuchuensis DSM 14340"
= MSRIL42 XIla
MSRL45 XIla
,' 4] IE40.2 XIIb
_| Enterococcus raffinosus LMG 12888"
7 MSRL14 X111
—{ ) A Enterococcus jfaecium LMG 114237
| ] ] :| MSRL13 Ul
1 1 1 MSRL15 Ul
) T MKRL52 UlVa
b | MKRL41 UlVa
) 1 n MKJ32 UIVb
] MKRL51 X1V
1 ] Lactococcus raffinolactis LMG 13095"
| MSRL36 XV
1 ) | ] Streptococcus alactolyticus DSM 20728"
u T IE23.2L XVlia
MKRL110 XVIb
Lactococcus sp.” MKFS47 XVIc
Lactococcus sp.” MARL29 XVie
1E2.3 XVId
MARLG67 XVId
Lactococcus sp.” MKRL26 XVlie
1 Lactococcus sp.” MARL49 XVlie
53 IE41.1 XVIf
—{ ] Lactococcus sp.” MKKR24 XVIf
—] ) MARLS81 XVig
] MARL75 XVig
1 Lactococcus sp.” MKRL19 XVIh
1E6.5 XVIh
1 MARL79 XVIi
—{ 1 MARL74 XVIi
e I 1118 Lactococcus piscium CCU‘G 327?’2(
s Lactococcus plantarum LMG 8517

FIG. 1.
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Species Strain (ribotype) Accession no.
Carnobacterium divergens DSM 20623" M58816
Carnobacterium divergens MF 66 AY543036
Carnobacterium divergens MF176 AY543037
Carnobacterium divergens MF 156 AY543021
100 Carnobacterium sp. MKIJ37 (IXd) DQ343755
Carnobacterium divergens MF 109 AY543016
Carnobacterium gallinarum DSM 4847" AJ387905
. Carnobacterium maltaromaticum NCDO 2762 X54268
00 Carnobacterium maltaromaticum MF 82 AY543035
Carnobacterium sp. MARLI15 (VIh) DQ343756
l Carnobacterium maltaromaticum MF 226 AY543034
- Carnobacterium maltaromaticum MF 225 AY543033
B Carnobacterium maltaromaticum MF 205 AY543032
* Carnobacterium maltaromaticum MF 204 AY543031
3 Carnobacterium maltaromaticum MF 130 AY543018
Lactococcus sp. Uncultured strain AB089061
s Lactococcus raffinolactis NCDO 617" X5426
_F Lactococcus sp. MKRL19 (XVIh) AY762104
fioa Lactococcus plantarum NCDO 1869 X54259
Lactococcus piscium CCUG 32732 DQ343754
2 Lactococcus sp. MKKR24 (XVIf) AY762110
b Lactococcus sp. MARLA9 (XVIe) AY762111
) Lactococeus sp. MKRL26 (XVIe) AY762107
Lactococcus sp. MARL29 (XVIc) AY762105
Lactococcus sp. MKFS47 (XVIc) AYT762106

RS B |
2%

FIG. 2. Phylogenetic tree based on homologies of almost-entire 16S rRNA gene sequences (at least 1,450 bp) of lactococci, carnobacteria, and
eight isolates representing the main riboclusters obtained in the study. Bootstrap probability values from 500 trees that were resampled are given

at the branch points.

from retail stores during a 3-month period to obtain products possessing typical
quality for the retail market level. Both skin-on and skinless broiler meat prod-
ucts, representing the main types manufactured, were included (i.e., skin-on leg
and breast cuts, boned and skinned breast fillet cutlets and strips, and minced
breast meat). All manufacturers had applied an anaerobic modified atmosphere
with 80% CO, and 20% N, for packaging. The packages were stored at 6°C until
analysis.

On the sell-by day (*+1 day), 22-g samples were aseptically weighed and
homogenized in 198 ml of 0.1% peptone water. Prior to microbiological analyses,
the sample LAB were enumerated from serial 10-fold dilutions on MRS agar
after incubation of the plates under anaerobic conditions at 25°C for 5 days. To
characterize the prevailing LAB, 10 colonies were randomly picked from the
plates of the highest dilutions showing growth and were purified by subculturing
on MRS medium.

After microbiological sampling, the pH of each sample homogenate was mea-

sured using a WTW-530 digital pH meter (Wissenschaftliche-Technische Werk-
statten, Weilheim, Germany).

Isolation of DNA, restriction endonuclease analysis, and restriction fragment
length polymorphism (RFLP) of the 16 and 23S rRNA-encoding genes for LAB
species identification. Cells harvested from 1 to 2 ml of MRS broth culture were
used for DNA analyses. DNA was isolated by the guanidium thiocyanate method
of Pitcher et al. (28) as modified by Bjorkroth and Korkeala (5) with combined
lysozyme and mutanolysin (Sigma). Restriction endonuclease treatment of 8 pg
of DNA was done by using the HindIII restriction enzyme (New England Bio-
labs, Beverly, MA) as recommended by the manufacturer. DNA fragments were
separated by agarose gel electrophoresis and the resulting fingerprint patterns
transferred to a nylon membrane via Southern blotting using a vacuum blotting
device (Vacugene; Pharmacia, Uppsala, Sweden). Ribotyping was performed
using a cDNA probe reverse transcribed (with avian myeloblastosis virus reverse
transcriptase; Promega, Madison, WI) from 16 and 23S rRNA and digoxigenin

FIG. 1. HindIII ribopatterns of LAB from modified-atmosphere-packaged poultry meat products and of product-associated LAB sampled from
processing plant air. Products were analyzed at the end of shelf life. The numerical analysis of pattern similarities is presented as a dendrogram
and converted to percentages for convenience. Bands on the left have high molecular masses of <23 kbp; those on the right have low molecular
masses of >1,000 bp. The footnote a) indicates genus-level identification based on 16S rRNA gene sequence analysis.
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labeled with a DIG DNA labeling kit (Roche Molecular Biochemicals, Mann-
heim, Germany) as described by Blumberg et al. (10). Membranes were hybrid-
ized at 58°C overnight, and the digoxigenin-labeled fragments (ribopatterns)
were detected as recommended by Roche Molecular Biochemicals.

LAB database and numerical pattern analysis. The HindIII ribopatterns were
compared to the corresponding patterns in the previously established LAB da-
tabase of the Department of Food and Environmental Hygiene, University of
Helsinki, Helsinki, Finland. This database comprises patterns of all relevant
food-associated LAB in the genera Aerococcus, Carnobacterium, Enterococcus,
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, Streptococcus, and Weis-
sella (3, 4,5, 6,7,9,19, 21, 26, 31). It utilizes 16 and 23S rRNA gene HindIII
RFLP patterns of more than 300 type and reference strains as operational
taxonomic units in numerical analyses. The isolates are identified based on the
locations of type and reference strains within the clusters. The reliability of the
clusters for distinguishing between different species has been evaluated in several
polyphasic taxonomy studies of LAB (8, 18-21).

For the numerical analysis, the ribopatterns were scanned using a Hewlett-
Packard (Boise, ID) ScanJet 4c/T scanner. The patterns were normalized based
on the mobility of standards, and a similarity matrix was created using the
BioNumerics (version 4.1) software package (Applied Maths, Sint-Martens-
Latem, Belgium). The similarity between all pairs was expressed by Dice coef-
ficient correlation, and UPGMA (unweighted-pair group method using arith-
metic averages) clustering was used for the construction of the dendrogram.
Based on the use of internal controls in the database, a pattern optimization and
a band position tolerance of 0.5 and 1.5, respectively, were allowed.

16S rRNA gene sequence analysis of representative strains from the major
LAB groups. To confirm/obtain the genus-level identification of the three major
RFLP clusters, of which two were considered to be carnobacteria and one was
unknown, the 16S rRNA genes of eight isolates representing six different ri-
bopatterns (ribotypes VIh and IXd from the carnobacterial clusters and ri-
botypes XVIc, XVIe, XIVf, and XVIh from the unknown cluster [Fig. 1]) were
sequenced. Numerical analyses of the ribopatterns considered unknown had not
resulted in clustering with any of the type strains. DNA was isolated as for the
RFLP analysis. The nearly complete (at least 1,400 bases sequenced) 16S rRNA
gene was amplified by PCR with the universal primer pair F8-27 (5'-AGAGTT
TGATCCTGGCTGAG-3") and R1541-1522 (5'-AAGGAGGTGATCCAGCC
GCA-3"). The purified (QIAquick PCR purification kit; QIAGEN, Venlo, Neth-
erlands) PCR product was sequenced from both directions by Sanger’s
dideoxynucleotide chain termination method using primers F19-38 (5'-CTGGC
TCAGGAYGAACGCTG-3'), F926 (5'-AACTCAAAGGAATTGACGG-3"),
R519 (5'-GTATTACCGCGGCTGCTG-3'), and R1541-1522. Samples were run
in a Global IR? sequencing device with e-Seq (version 2.0) software (LiCor,
Lincoln, NE) according to the manufacturer’s instructions. The consensus se-
quences of these strains (created with AlignIR software; LiCor) and of repre-
sentative strains belonging to the same phylogenetic group (retrieved from
GenBank [http://www.ncbi.nlm.nih.gov] using BLASTN 2.2.6 [1]) were aligned,
and a phylogenetic tree (Fig. 2) was constructed based on the neighbor-joining
method using the BioNumerics (version 4.5) software package (Applied Maths,
Sint-Martens-Latem, Belgium).

Nucleotide sequence accession numbers. The 16S rRNA gene sequences of
the following eight strains (with accession numbers in parentheses) have been
deposited in the GenBank nucleotide sequence database: Carnobacterium sp.
strains MKJ37 (DQ343755) and MARLI15 (DQ343756) and Lactococcus sp.
strains MKRL19 (AY762104), MARL29 (AY762105), MKFS47 (AY762106),
MARLA49 (AY762107), MKKR24 (AY762110), and MARLA49 (AY762111).

RESULTS

LAB detected in carcasses by selective enrichment proce-
dures. The vancomycin enrichment procedure of the 31 broiler
carcass samples resulted in subjecting a total of 86 LAB iso-
lates to numerical analysis of their HindIII ribopatterns. Table
2 shows the species distribution of those 85 LAB isolates that
clustered together with type strains. The different patterns
obtained and a dendrogram based on pattern similarity are
presented in Fig. 3. The species detected were Weissella
paramesenteroides (36 isolates), Pediococcus pentosaceus (33
isolates), Pediococcus dextrinicus (7 isolates), Lactobacillus
sakei (6 isolates), and Lactobacillus brevis (3 isolates), whereas

APPL. ENVIRON. MICROBIOL.

TABLE 2. Numbers and species distribution of 85 LAB isolates
obtained from broiler skin, feather shaft, and
oropharyngeal samples”

No. of isolates obtained from:

Species Ribotype Prescalding Postscalding
samples samples
O N F O N F
Lactobacillus brevis XIX 1 2
Lactobacillus sakei VIlIa 3 2 1
Pediococcus dextrinicus XVIlla 2 1 1
XVIIIb 2
XVlIlIc 1
Pediococcus pentosaceus XXa 9 4 8
XXb 5 1 4 2
Weissella paramesenteroides ~ XVlla 3
XVIIb 2
XVlIle 7 2 8
XVIId 2 5 2
XVlle 2
XVIIf 3

“ Samples were enriched in MRS broth supplemented with 10 pg/ml vanco-
mycin. Identification was based on a 16S and 23S rRNA gene HindIII RFLP
database. O, oropharyngeal samples; N, neck skin samples; F, feather shaft
samples.

Leuconostoc spp. were not recovered. One isolate could not be
identified by the database. The LAB species detected by van-
comycin enrichment have been reported either to be intrinsi-
cally glycopeptide resistant or to be resistant to high vancomy-
cin levels (2, 12). However, with the exception of L. sakei,
which is sometimes associated with the production of ropy
slime in cooked meat products, these species are not consid-
ered to be meat spoilage LAB.

With the cold enrichment, none of the 34 carcass samples
incubated in MRS broth at 6°C resulted in growth in 38 days.
However, after the psychrotrophic incubation, the tubes were
transferred to 25°C, and they all showed growth. A total of 30
LAB isolates originating from these tubes were subjected to
numerical analysis, resulting in clustering of 24 isolates in
groups considered species specific. The species detected were
Enterococcus faecalis (10 isolates), Enterococcus faecium (7
isolates), Lactococcus garviae (3 isolates), Enterococcus raffi-
nosus (1 isolate), Lactobacillus curvatus (1 isolate), Pediococcus
acidilactici (1 isolate), and W. paramesenteroides (1 isolate). Six
isolates could not be identified by the RFLP database.

Airborne LAB in the processing environment. Airborne
LAB levels showed great variability depending on the area
sampled. The highest counts were detected inside the air-
chilling area (>344 CFU/m?), while the counts obtained from
the other areas were generally very low (<30 CFU/m?) or the
growth was undetectable. Of the 122 LAB isolates randomly
picked from the air sample strips, 45% (55 of 122) represented
species also detected in the late-shelf-life broiler products. The
number and species distribution of these LAB are presented in
Table 3, and the corresponding ribopatterns are shown in Fig.
1. In addition, air sampling yielded a total of 67 isolates rep-
resenting various ribotypes not associated with the products.
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Species Strain Ribotype
18b-2 XXa
17b XXa
31b-1 XXb
4b-1 XXb
Pediococcus pentosaceus LMG 11488"
Lactobacillus sakei subsp. carnosus ~ CCUG 34545"
26a-3 Vllla
7b-1 Vllla
Lactobacillus sakei subsp. sakei DSM 20017" Type
6a-2 XIX
23a-4 XIX
Lactobacillus brevis ATCC 14869"
20b-2 XVIla
20b-1 XVIla
2b-2 XVIIb
4b-2 XVIIb
23a-1 XVIIc
22a-4 XVIIe
14a-1 XVIId
3a-1 XVIle
3a-3 XVIle
4a-2 XVIIf
4a-3 XVIIf
Weissella  paramesenteroides DSM 20288"
8a-1 XVllla
28a-1 XVllla
27a-2 XVIIIb
27a-1 XVIIIb
28a-2 XVllle
Pediococcus dextrinicus LMG 11485

FIG. 3. HindllII ribopatterns of LAB obtained by vancomycin enrichment from broiler skin, oropharynges, and feathers. The numerical analysis
of pattern similarities is presented as a dendrogram and converted to percentages for convenience. Bands on the left have high molecular masses

of <23 kbp; those on the right have low molecular masses of >1,000 bp.

Thirteen of the latter isolates were assigned to the species
Enterococcus malodoratus (3 isolates), Enterococcus pseudo-
avium (1 isolate), Leuconostoc citreum (3 isolates), Leuconos-
toc lactis (3 isolates), Leuconostoc pseudomesenteroides (2 iso-
lates), and P. acidilactici (1 isolate). Numerical analysis of the
ribopatterns obtained from a total of 54 isolates did not result
in species-specific clusters by the RFLP LAB database.

LAB levels and species detected in the products. Table 1
presents the ranges of LAB levels detected in the different
types of products. In the products of manufacturers A and B,
LAB populations had reached levels (>107 CFU/g) generally
indicative of early spoilage changes in meat products (4, 8, 22)
in 28 of the 39 packages studied. In the products of manufac-
turer C, with shorter manufacturer-defined shelf-lives, the
LAB levels were 1 to 2 log units lower than those in the
products of the other two manufacturers. The pH of the skin-
containing leg and breast cuts ranged from 6.2 to 6.4 and from
5.8 to 6.2, respectively. In skinned products made of broiler

breast fillets and fillet strips, the pH ranged from 5.8 to 6.1.
The highest pH values, ranging from 6.4 to 6.5, were measured
in minced meat.

Table 4 shows the species division of the 447 product-asso-
ciated LAB isolates based on the RFLP database analysis. The
dendrogram presenting clustering of the representative HindIII
ribopatterns of these isolates is shown in Fig. 1. Carnobac-
terium divergens and Carnobacterium maltaromaticum were
clearly the most abundant LAB identified in both skin-contain-
ing and skinless products of all three manufacturers (Table 4;
Fig. 4), with the exception of L. curvatus, which was detected
along with C. divergens in minced meat. Forty-three percent of
all product isolates (191 of 447 isolates) were identified as C.
divergens and 21% (96 of 447 isolates) as C. maltaromaticum.
In harmony with the RFLP results, the phylogenetic tree de-
duced from the 16S rRNA gene sequences (Fig. 2) located the
two strains MKJ37 and MARLI1S5, representing the C. divergens
and C. maltaromaticun RFLP clusters, respectively, in the
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TABLE 3. Numbers and species distribution of 55 airborne LAB isolates associated with products®

No. of LAB isolates

Species Ribotype Preprocessing Main Boned-product .
processing . Corridor
area area packaging area
Leuconostoc gasicomitatum Ib 4
Streptococcus parauberis IVb 2
IVe 2 1
Carnobacterium maltaromaticum Vla 1 6 1 1
VIb 2
Vic 2
VIf 1
Carnobacterium divergens IXa 1 2 1 2
Lactobacillus curvatus X 2
Enterococcus raffinosus XIIb 1
Enterococcus faecium XIII 6 7 1
Streptococcus alactolyticus XV 1
Lactococcus spp. XVIa 1
XVId 1
XVIe 1
XVIf 1 1
XVIh 1 2
Total 13 31 7 4

“ Identification was based on a 16 and 23S rRNA gene HindIII RFLP database.

same branches as the C. divergens and C. maltaromaticum type
and reference strains.

The third major LAB group (74 of 447 isolates) distin-
guished by the RFLP database was formed by unidentified
isolates possessing nine different ribopatterns. Based on the
phylogenetic analysis of the 16S rRNA gene sequences of six
isolates, they were considered to belong to the genus Lacto-
coccus. Five of them (ribotypes XVIc to -f) were located in a
branch (Fig. 2) containing Lactococcus piscium type strain
CCUG 32732, and one (ribotype XVIh) clustered together
with Lactococcus raffinolactis type strain NCFB 617. Lactococci
were recovered mainly from skin-containing products (Table
4). From the products of manufacturer C, only two lactococcal
isolates were obtained. This manufacturer differed from the
other two by setting shorter shelf lives for its products, which
also showed lower LAB levels than the products of the two
other manufacturers (Table 1).

Other species detected in the late-shelf-life LAB popula-
tions were L. sakei (22 of 447 isolates), Lactobacillus oligofer-
mentans (14 of 447 isolates), L. curvatus (13 of 447 isolates),
and L. gasicomitatum (8 of 447 isolates).

DISCUSSION

This study assessed LAB in two stages of broiler product
manufacture to determine whether species prevailing in late-
shelf-life products are detected in broilers handled at the be-
ginning of slaughter or whether products become contami-

nated during further processing stages. C. divergens and C.
maltaromaticum were prevalent among the LAB populations
in MAP broiler products. The other species detected in the
products were mainly from the genera Lactococcus (17%) and
Lactobacillus (11%). In contrast to the findings of previous
studies of marinated fillet products (4, 31), Leuconostoc spp.
were rarely (2.9%) recovered.

Based on our results, skin, feathers, and mucous membranes
of broilers were not major sources of psychrotrophic LAB
associated with late-shelf-life MAP broiler products. The se-
lective enrichment approaches used for recovery of specific
spoilage LAB from carcass samples did not, with the exception
of L. sakei, detect LAB species associated with meat spoilage.
Other LAB detected by the two enrichment procedures be-
longed neither to species associated with products nor to those
considered specific meat spoilage organisms. Moreover, in the
cold-enriched carcass samples, no growth was observed in 38
days. However, when these samples were incubated at 25°C
after cold enrichment, growth was detected in all samples, and
nonpsychrotrophic species, mainly E. faecium and E. faecalis,
were recovered. In a previous study (8), these species were
commonly detected also in MAP marinated broiler legs of
manufacturer B right after packaging but not within the spoil-
age LAB population after cold storage at 6°C for 17 days.
These findings highlight the importance of determining specific
spoilage organisms when the role of LAB contaminants in
product shelf life stability is evaluated.
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TABLE 4. Number and species distribution of 447 LAB isolates from MAP broiler products of manufacturers A, B, and C
analyzed at the end of their manufacturer-defined shelf lives”

No. of LAB isolates in the following products from the indicated manufacturer:
Skin-containing products Skinned and boned breast
ep fillet products
Species Ribotype -
Breast cuts Leg cuts Smp; atmd Minced Total
cutlets meat
A B c A B C A B ®)

Leuconostoc gasicomitatum Ta 1 1 2
Ib 2 2

Ic 1 3 4

Leuconostoc gelidum I 1 1
Leuconostoc carnosum IITa 2 2
1ITb 1 1 2

Streptococcus parauberis IVa 1 1 2
Lactococcus garviae \'% 1 1
Carnobacterium maltaromaticum VIa 4 13 11 2 17 1 1 13 4 66
VIb 1 2 2 5

Vic 1 1 2 1 5

Vid 1 1

Vie 2 2

VIf 1 2 6 4 1 14

Vig 1 1

Vih 2 2

Lactobacillus oligofermentans VIla 1 2 3
VIIb 2 1 3

Vllc 1 5 2 8

Lactobacillus sakei VIlIa 3 7 3 13
VIIIb 5 1 6

VIlIc 3 3

Carnobacterium divergens IXa 22 1 5 3 12 40 30 15 128
IXb 2 2

IXc 8 8 3 1 24 7 8 59

IXd 2 2

Lactobacillus curvatus X 1 2 3 1 6 13
Lactobacillus fuchuensis XI 1 1
Enterococcus raffinosus XIla 2 2
Enterococcus faecium XIIT 2 2
Lactococcus raffinolactis XIV 1 1
Streptococcus alactolyticus XV 1 1
Lactococcus spp. XVIb 1 1
XVIc 11 1 12

XVId 7 1 2 10

XVIe 5 10 9 2 5 31

XVIf 2 5 3 10

XVIg 3 1 1 5

XVIh 1 1 1 3

XVIi 2 2

Unknown I Ul 1 1
Unknown II (9)1 1 1
Unknown IIT UIII 7 2 9
Unknown IV UlVa 2 2
UIVb 1 1

Total no. of strains 74 35 49 17 46 50 60 70 46 447

¢ Identification was based on a 16 and 23S rRNA gene HindIII RFLP database.
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FIG. 4. (a) Proportions of the major LAB groups in modified-atmosphere-packaged skin-containing broiler leg and breast cuts manufactured
by three plants, A, B, and C. Products were analyzed on the last day of the manufacturer-defined shelf life. (b) Proportions of the major LAB
groups in modified-atmosphere-packaged skinless breast fillet products of two manufacturers, A and B. Products were analyzed on the last day of

the manufacturer-defined shelf life.

In contrast to the broiler carcasses, nearly half of the isolates
(45%) obtained from processing plant air represented species
associated with retail MAP broiler products and spoilage of
MAP poultry in previous studies (4, 8). Carnobacterium spp.
and L. gasicomitatum were detected from air sampled during
the final processing operations, whereas lactococci were iso-
lated mainly from early processing stages, such as air chilling.
Our results show that the processing facilities are a more likely
source of psychrotrophic LAB contamination than the broilers.
At present, it is not known how these LAB enter the processing
environment and how the air becomes contaminated. The
products from different manufacturers possessed quite similar
LAB diversities. Since manufacturing practices in modern
plants are similar, it is tempting to theorize that the plant
environment favors the survival of psychrotrophic LAB, result-
ing in similar in-house populations. On the other hand, prod-
uct-associated LAB were recovered from corridors adjacent to
the poultry meat processing areas, and it is also possible that
these organisms are continuously introduced into the process-
ing environment outside the plant as a result of airflows and
employer activities.

In conclusion, the spoilage-associated LAB are not intro-
duced to the processing environment or the plant air along
with the broilers. However, the common detection of spoilage
LAB in air emphasizes the role of processing facilities and
manufacturing operations in product contamination. Further

studies are needed to examine, and to design strategies to
reduce, psychrotrophic LAB contamination during processing.
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