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ABSTRACT
The actual microbial status of the lamb production chain at three slaughterhouses, one processing plant, and five butcher
shops selling whole or cut lamb carcasses to consumers was assessed with a previously developed microbial assessment scheme.
All studied establishments had a food safety management system (FSMS) that was implemented according to legislative
requirements. Microbial safety level profiles were constructed for each establishment and provided clear indications of which
pathogens, hygiene indicators, or utility parameters required attention to improve the performance of the microbiological control
protocols of the implemented FSMS. The highest contamination was found in the slaughterhouses in samples taken from the meat
products (aerobic mesophilic plate counts [AMPs] of 3.40 to 6.63 log CFU/cm2 and Enterobacteriaceae counts of 1.00 to 4.62
log CFU/cm2), contact surfaces (AMPs of 2.44 to 8.92 log CFU/cm2), and operators’ hands and/or gloves (AMPs of 2.84 to 8.09
log CFU/cm2), especially after hide removal and evisceration. The microbial assessment scheme is a useful tool for providing
insight into the actual microbiological results achieved with an FSMS implemented in establishments at various stages along the
lamb production chain.

Fresh suckling lamb meat is a typical and traditional
product in Spain, especially in the Castilla y León region.
The European Union (EU) granted this meat a protected
geographical indication in 1999 (Commission Regulation
EEC No 2107/1999) with the name ‘‘Lechazo de Castilla y
León.’’ The sensory characteristics of this product most
appreciated by consumers are its light color (pearly white to
pink), tenderness, juiciness, smooth texture, and distinctive
flavor (20). In addition to sensory qualities, safety is a basic
requirement for this product. Numerous foodborne pathogens have been implicated as a cause of human illness along
the lamb production chain; Shiga toxin–producing Escherichia coli, Listeria monocytogenes, Salmonella, and
Staphylococcus aureus are the most prominent of these
pathogens (10, 15, 33, 38, 48). In Europe in 2007, lamb
meat was implicated in one outbreak of salmonellosis and
two episodes of S. aureus intoxication (16, 44).
Several researchers have independently evaluated the
microbial contamination of ruminant meats and environmental surfaces at the different stages of the lamb
production chain, i.e., in slaughterhouses, processing plants,
and butcher shops (8, 9, 51, 53, 57). Lenahan et al. (37) in
Ireland and Sumner et al. (55) in Australia found various E.
coli serovars, including E. coli O157:H7, in lamb carcasses
* Author for correspondence. Tel: (0034) 947-258814; Fax: (0034) 947258831; E-mail: jrovira@ubu.es.

in slaughterhouses. Salmonella has been found in lamb
carcasses in slaughterhouses (52, 53) and in processing
plant facilities as has Shiga toxin–producing E. coli (33).
Various E. coli serovars have been found in lamb meat and
on workers’ hands, equipment, and food surfaces in butcher
shops (15, 51). Rajpura et al. (47) reported an E. coli
infection outbreak due to cross-contamination of a butcher’s
counter. However, to the best of our knowledge, no
concurrent microbiological assessment has been performed
along the lamb production chain despite the fact that several
authors have stressed the need to control the presence of
pathogens from farm to fork (44, 54). Jacxsens et al. (32)
developed a microbial assessment scheme (MAS) to identify
critical sampling locations, select microbiological parameters, assess the sampling and analytical methods, and
process and interpret the resulting data. This approach has
been successfully used by Sampers et al. (49) in poultry
processing plants. The data obtained using an MAS provide
an indication of the actual microbial status achieved upon
implementation of a food safety management system
(FSMS). Microbiological safety level profiles, indicating
which microorganisms are present and to what extent they
contribute to food safety, can be derived for a specific food
processing company based on an MAS assessment. The
basic assumption behind this tool is that low numbers of
microorganisms and low variability in microbiological
counts indicate an effective FSMS (32, 40).
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OSÉS ET AL.

FIGURE 1. Typical structure of a lamb production chain.

MATERIALS AND METHODS
Lamb meat. This study focused on Castilla y León suckling
lamb, which according to the protected geographical indication
regulations can be obtained only from the local sheep breeds
Churra, Castellana, and Ojalada and their cross-breeds. Before
harvest, live animals must weigh between 9 and 12 kg and must
have been fed with maternal milk only.
Selection of establishments along the lamb production
chain. Figure 1 shows a typical lamb production chain, in which
several suppliers (slaughterhouses) supply one or a few processing
sites (chain convergence), which themselves supply various
purchasers and/or customers (chain divergence); such structures
are typical for food supply chains (36). To illustrate this chain with
actual figures, the province of Burgos contains 28 registered
slaughterhouses, five processing plants, and 333 butcher shops. In
this study, three slaughterhouses (SHa, SHb, SHc), one processing
plant (PR), and five butcher shops (BHa, BHb, BHc, BHd, BHe),
all located in Burgos (Castilla y León, Spain), were selected
according to the previous described situations of the various lamb
food chain operators in the region. Each slaughterhouse receives
live animals from a set of farms throughout the year and transports
the lamb carcasses to the same processing plant. This plant then
sells the meat to food service establishments, supermarkets, or
butcher shops. The slaughterhouses and the processing plant had
implemented a FSMS based on good manufacturing practices and
hazard analysis critical control point principles, according to
European legislation (i.e., EU Regulations 852/2004 and 853/
2004). SHc was certified for ISO 9001:2008. However, at the time
of the study butchers had implemented only the legal good
manufacturing practices.
Identification of critical sampling locations. Following the
MAS protocol (32), 10 critical sampling locations (CSLs) were
defined for the slaughterhouses, 9 for the processing plant, and 7
for butcher shops. The principle behind the MAS is that only those
CSLs that provide information on the core control activities in an
FSMS are selected. CSLs were defined in the slaughterhouses (S),
the processing plant (P), and in butcher shops (B) for food products
as S1 (carcass after hide removal), S2 (carcass after evisceration),
S3 (carcass after covering with the omentum), S4 (carcass after
chilling), P1 (carcass at arrival at processing plant), P2 (meat cut
after portioning), P3 (final product after packaging and chilling),
B1 (carcass at arrival at butcher shops), and B2 (meat cuts in the

display counter). CSLs for food contact surfaces were defined as
S5, S6, and S7 (knives at hide removal, evisceration, and place
covered with the omentum, respectively, in the slaughterhouses),
P4, P5, and P6 (two cutting tables and one working table at
packaging in the processing plant), B3, B4, B5, and B6 (cutting
table, knife, grading machine, and operators’ aprons, respectively,
in butcher shops]). CSLs for hands and/or gloves of the personnel
were S8, S9, and S10 (at hide removal, evisceration, and place
covered with the omentum in the slaughterhouses), P7, P8, and P9
(at reception, cutting, and packaging in the processing plant), and
B7 (in the butcher shop).
Selection of microbiological parameters. Food safety
parameters were selected according to the MAS protocol.
Salmonella and L. monocytogenes were selected as pathogenic
indicators because these bacteria are commonly found in meat
products (4). E. coli and Enterobacteriaceae were selected as
hygiene indicators (4). S. aureus was selected as an indicator of
personal hygiene (1), and aerobic mesophilic plate counts (AMPs)
were chosen as an indicator of overall microbial quality (43).
AMPs, Enterobacteriaceae, E. coli, Salmonella, and L. monocytogenes were analyzed in food products and on contact surfaces,
and AMPs, Enterobacteriaceae, E. coli, and S. aureus were
analyzed for hand and glove samples.
Sampling. Samples were taken during three visits to each
establishment on 3 days. All CSLs were analyzed at each visit. One
sample was taken per day for the food products (CSLs S1 through
S4, P1 through P3, and B1 and B2). The food contact surfaces
(CSLs S5 through S7, P4 through P6, and B3 through B6) and
food handlers’ gloves and/or hands (CSLs S8 through S10, P7
through P9, and B7) were sampled three times during one shift
(beginning, middle, and end of the production day) to monitor the
distribution of contamination during processing. A total of 516
samples (198 samples in the slaughterhouses, 63 samples in the
processing plant, and 255 samples in the butcher shops) were
collected from the various parts of the lamb production chain.
Samples of carcasses and fresh meat cuts (CSLs S1 through
S4, P1 through P3, and B1) were collected using a nondestructive
sampling method according to ISO 17604:2003 (26) with sterile
abrasive sponges (Envirosponge, Biotrace International, Bridgend,
UK). Four sites were sampled on carcasses (flank, lateral thorax,
brisket, and breast), with a sampling area of 50 cm2 per sampling
site. Fresh meat cuts were sampled using a single abrasive sponge
(Envirosponge) over an area of 100 cm2. Sampling areas were
delimited with a sterile template (Biotrace). Sterile premoistened
abrasive sponges were used to swab vertically, horizontally, and
diagonally over the delimited area. After swabbing, the sponges
were placed individually in sterile plastic bags containing 100 ml
of buffered peptone water (AES Chemunex, Bruz, France) for
subsequent determination of total mesophile, Enterobacteriaceae,
E. coli, and L. monocytogenes counts and the detection of
Salmonella and in 100 ml of demi-Fraser solution (Oxoid,
Basingstoke, UK) for the detection of L. monocytogenes. The
samples were stored and transported to the laboratory for further
microbial analysis in a cool box maintained at 4uC and analyzed
within 6 h of sampling.
Samples of final products (CSL B2) were collected using a
destructive method according to the sampling preparation method
described in ISO 6887-2:2003 (27). Samples of meat (300 g) were
removed at the establishment with a sterile knife. These samples
were stored aseptically in sterile plastic bags, transported to the
laboratory for further microbial analysis in a cool box maintained
at 4uC, and analyzed within 6 h of sampling.
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The objective of this study was to gain insight into the
actual microbiological results of implementing an FSMS in
establishments along a lamb production chain, to determine
the microbial dynamics in that chain, and to discuss
different control measures to improve the microbiological
food safety output in the lamb production chain.
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Sample preparation. Various sample preparation techniques
were applied to abrasive sponges, cotton swabs, and meat samples
in the laboratory before microbiological analysis. Abrasive
sponges were homogenized for 2 min, whereas tubes containing
cotton swabs were vortex mixed for 10 s. Twenty-five of the 300 g
of fresh meat collected (CSL B2) was homogenized with 225 ml of
buffered peptone water for 2 min in a sterile plastic bag in a lab
blender (Stomacher 400, Seward, London, UK) for subsequent
determination of AMPs and Enterobacteriaceae, E. coli, Salmonella, and L. monocytogenes counts. Ten grams was removed from
the original 300-g sample and mixed with 90 ml of demi-Fraser
solution for the detection of L. monocytogenes.
Analytical methods. Before detection and counting, samples
were serially diluted (1:10), and the resulting bacterial suspensions
were plated and incubated according to the appropriate ISO
method. For AMPs, plate count agar (Oxoid) was incubated for
72 h at 30uC (ISO 4833:2003) (28). For enumeration of
Enterobacteriaceae, violet red bile glucose agar (Oxoid) was
incubated 24 to 48 h at 37uC (ISO 21528-2:2004) (31). For
enumeration of E. coli, tryptone bile X-glucuronide agar (Biolife,
Milano, Italy) was incubated for 24 h at 42uC (ISO 16649-2:2001)
(24). Baird Parker agar (Biolife) was used for Staphylococcus
enumeration, and confirmation of S. aureus was performed with
rabbit plasma (AES) (ISO 6888-1:1999 Amd 1:2003) (29). For
detection of L. monocytogenes, demi-Fraser and Fraser were used
as preenrichment and enrichment media (Oxoid), respectively, and
cultures were directly plated onto chromogenic Listeria agar base
(Oxoid) and incubated at 37uC for 48 h. When L. monocytogenes
was detected, enumeration was performed with buffered peptone
water and chromogenic Listeria agar base (ISO 11290-1:1996 and
ISO 11290-2:1998) (22, 23). Salmonella was detected using
Rappaport-Vassiliadis broth (with soy) and Muller-Kauffmann
tetrathionate broth base (with novobiocin) (Biolife) as selective
enrichment media and directly plated onto xylose lysine deoxycholate agar (Biolife) and Salmonella agar (AES) plates incubated
at 37uC for 24 h (ISO 6579:2002) (25).
Data processing and interpretation. Regulatory criteria (EU
Regulation 2073/2005) and microbiological guidelines (56)
(Table 1) were used to interpret the data collected. When a
nondestructive sampling method is used, only a fraction of the cells
are captured (3, 12, 42). Therefore, the recommendation of the
Belgian Food Safety Agency Scientific Committee was adapted for
interpretation of the data, i.e., the fraction of captured cells was
considered 0.5 log units lower for the nondestructive method than
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for the destructive method for both Enterobacteriaceae and total
counts. Consequently, the criteria for evaluating process hygiene
evaluation were adjusted by this value (32).
Because no official recommendations exist for assessing the
microbial load limits on working surfaces, we consulted experts in
this field and decided on the following criteria: surfaces or
operators’ hands and/or gloves on which microbial contamination
was equal to or higher than that of the meat at the same CSL were
considered unacceptable. In contrast, surfaces with lower microbial
contamination levels than the meat samples collected at the same
CSL were considered acceptable.
Microbial safety level profile. Once the MAS data had been
compiled and interpreted based on the criteria described above, a
microbial safety profile was constructed. The microbial safety level
can be classified on a scale of 1 to 3, where level 3 reflects good
food safety (legal criteria or guidelines are met; no improvements
to the FSMS are needed), level 2 reflects moderate food safety
(legal criteria or guidelines are violated; improvements are needed
to a single protocol of the FSMS), and level 1 reflects poor food
safety (legal criteria or guidelines are violated; improvements are
needed to several protocols of the FSMS). The sum of the levels of
the individual microbiological parameters analyzed is reflected in a
microbial food safety level profile, as established by Jacxsens et al.
(32). A score was assigned to express the overall food safety
performance of the current FSMS for each establishment (six
microbiological parameters produce a maximum score of 18). An
overall score of 1 was assigned when the sum of the levels was 6 or
7, a sum of 8 to 10 resulted in an overall score of 1-2, a sum of 11
to 13 resulted in an overall score of 2, a sum of 14 to 16 resulted in
an overall score of 2-3, and a sum of 17 or 18 resulted in an overall
score of 3.

RESULTS AND DISCUSSION
Microbial safety level profiles were constructed for the
different establishments in the lamb production chain to
obtain a first indication about the actual microbiological
results achieved by implementation of their FSMSs (Fig. 2).
None of the establishments achieved a maximum score of
18, indicating room for improvement in the microbiological
protocols of their respective FSMSs. However, the overall
assigned score tended to increase from slaughterhouse to
processing plant to butcher shop (from 2 to 2-3). The food
safety level profiles allowed different microbiological
problems to be identified along the chain.
In general, the current FSMSs seemed to perform
sufficiently for control of the selected pathogens Salmonella
and L. monocytogenes. The exception was slaughterhouse
SHc, where a level 1 was obtained for Salmonella. This
pathogen was found on carcasses after hide removal and in
samples taken from knives, which indicates that more
protocols in the FSMS are insufficient (39). The main
source of Salmonella probably is the incoming live lambs
(19, 52). Various authors have reported that pathogens such
as Salmonella and E. coli O157:H7 can be transferred from
the hide to the carcass (5, 6, 11, 45), which can easily lead to
contamination of subsequent process steps when no
interventions are applied to reduce the pathogens to
acceptable levels (40). Efficient cleaning and disinfection
procedures are needed to prevent cross-contamination and
spread of pathogens in production areas.
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Environmental samples (CSLs S5 through S10, P4 through
P9, and B3 through B7) were collected using a nondestructive
method according to ISO 18593:2004 (30). A sterile template
(Biotrace) was used to delineate a sampling area of 25 cm2. Sterile
premoistened cotton swabs (Eurotube, Deltalab, Rubı́, Barcelona,
Spain) in 10 ml of buffered peptone water (AES) were used to
swab the working tables for subsequent determination of total
mesophile, Enterobacteriaceae, E. coli, L. monocytogenes, and S.
aureus counts and detection of Salmonella and in 10 ml of demiFraser solution (Oxoid) for the detection of L. monocytogenes. A
new sterile swab was used for each food contact surface and
analytical parameter. After sampling, the swabs were inserted
aseptically back into their respective tubes containing 10 ml of the
respective medium. The tubes were then tightly closed, stored, and
transported to the laboratory for further microbial analysis in a cool
box maintained at 4uC; all samples were analyzed within 6 h of
sampling.
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TABLE 1. Regulatory criteria and microbiological guidelines for interpretation of results a
Food productsb

Reference

EU Regulation
2073/2005
category 2.1.1

This study

a

b

AMP
m ~ 3.5 log CFU/cm2
M ~ 5.0 log CFU/cm2
Enterobacteriaceae
m ~ 1.5 log CFU/cm2
M ~ 2.5 log CFU/cm2
Salmonella absent in the
area tested
E. coli absent in the area
tested
L. monocytogenes: absent
in the area tested

Fresh meat cuts and final
products: CSLs P2, P3, B2

Contact surfaces:
CSLs S5, S6, S7, P4,
P5, P6, B3, B4, B5, B6

Hands and/or gloves:
CSLs S8, S9, S10, P7,
P8, P9, B7

S. aureus below detection
Salmonella and L.
AMP
limit (,100 CFU/cm2)
monocytogenes absent in
m ~ 5.5 log CFU/cm2
2
the area tested
M ~ 6.5 log CFU/cm
Enterobacteriaceae
m ~ 2.5 log CFU/cm2
M ~ 3.5 log CFU/cm2
E. coli
m ~ 1.5 log CFU/cm2
M ~ 2.5 log CFU/cm2
Salmonella absent in the
area tested
L. monocytogenes absent in
the area tested
E. coli, Enterobacteriaceae, E. coli, Enterobacteriaceae,
and AMP: surfaces
and AMP: surfaces whose
whose microbial
microbial contamination
contamination is equal to
is equal to or higher than
or higher than that
that present in the meat at
present in the meat at the
the same CSL are
same CSL are considered
considered unacceptable
unacceptable

CSLs, critical sampling locations, which were designated in three slaughterhouses (S1 through S10), one processing plant (P1 through
P9), and five butcher shops (B1 through B7). S1, carcass after hide removal; S2, carcass after evisceration; S3, carcass after covering with
the omentum; S4, carcass after chilling; S5, S6, and S7, knives at hide removal, evisceration, and place covered with the omentum,
respectively; S8, S9, and S10, hands or gloves at hide removal, evisceration, and place covered with the omentum, respectively; P1,
carcass at arrival; P2, meat cut after portioning; P3, final product after packaging and chilling; P4, P5, and P6, two cutting tables and one
working table, respectively, at packaging; P7, P8, and P9, hands or gloves at reception, cutting, and packaging, respectively; B1, carcass
at arrival; B2, meat cuts in the display counter; B3, cutting table; B4, knife; B5, grading machine; B6, operators’ apron; B7, hands and/or
gloves of the personnel.
Microbial limits in food products: m, lower limit; M, upper limit.

For the hygiene indicators (Enterobacteriaceae and E.
coli) and the utility parameter (AMP), more marked
differences were found resulting in lower microbial safety
scores for the slaughterhouses than for the butcher shops
(Fig. 2). Level 1 was assigned to Enterobacteriaceae, E.
coli, and AMP in the slaughterhouses and processing plant,
and level 2 was assigned to these parameters for the butcher
shops. Further explanation is given in Figure 3.
Figure 3A shows the distribution profiles of AMPs
based on the data from the product samples taken from the
carcasses and meat cuts at the subsequent steps in the
various establishments. For the slaughterhouses, Figure 3A
indicates a decrease in AMP in the steps from hide removal
to chilling. This result is in agreement with those of other
researchers, who found that hide removal was a major
source of contamination (42, 48). The hide may contain
bacterial counts as high as 107 to 108 CFU/g (34). After

chilling, the AMP remained constant or decreased slightly at
evisceration and covering with the omentum in the
slaughterhouses. According to McEvoy et al. (42), the
reductions after chilling are unlikely to be due to cell death
and are more likely the result of cell injury from reduced
water activity and temperature at the carcass surface.
Figure 3A also shows that AMP tended to decrease in the
two CSLs at the processing plant but then appeared to
increase, as reflected by the higher counts at the packaging
stage. This increase could be due to the high level of
manipulation (various handlers and equipment), which can
lead to cross-contamination (18, 40, 42). Temperature abuse
at the processing plant also could contribute to an increase
in AMP (21). The AMPs at the butcher shops appeared to
increase even further in the steps before sale of the product,
possibly because of temperature abuse in the butcher shops
(21). In these shops, the meat is cut with knives into smaller
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pieces, thereby increasing the total surface area available for
colonization and increasing the water activity at the meat
surface, which favors microbial growth (2). Cross-contamination during manipulation also can occur (18, 40, 42).
In addition to the trend of increasing AMPs along the
chain, the variability in AMPs was high at all CSLs
(Fig. 3A). At the slaughterhouses, AMPs of 3.40 to 6.63 log
CFU/cm2 were found on the carcass after hide removal,
although variability was lower after chilling. High variability also was noted for carcasses arriving at the processing
plant (2.61 to 4.32 log CFU/cm2), whereas the AMPs for the
processed carcasses upon arrival in the butcher shops were
3.48 and 6.40 log CFU/cm2. This variability in AMP
indicates that the current FSMSs are not (yet) able to control
contamination and ensure meat products with predictable
microbiological tolerances (32, 39).
Figure 3B and 3C shows the Enterobacteriaceae and E.
coli counts in the carcass and cut meat samples taken at the
CSLs along the lamb production chain. A comparison of the
Enterobacteriaceae and E. coli data across CSLs reveals
that increases are closely related to the packaging step at the
processing plant, suggesting that fecal contamination (in the
slaughterhouses) probably is the major cause for these high
counts (4, 43). However, Enterobacteriaceae other than E.
coli were introduced into the lamb production chain after
packaging. Therefore, the high Enterobacteriaceae counts
found in the samples taken at the butcher shops probably
came from other sources, such as environmental surfaces,
added ingredients (spices), or the growth of enterobacteria
other than E. coli (43). As for the AMPs, the variability in
Enterobacteriaceae and E. coli counts was very high in the
slaughterhouses (1.00 to 4.62 log CFU/cm2 for Enterobacteriaceae and 1.10 to 3.81 log CFU/cm2 for E. coli in the
omentum step), although for the samples taken after the
chilling step the variability decreased slightly (1.24 to 2.00
log CFU/cm2 for Enterobacteriaceae except one sample that
had a count of 4.84 CFU/cm2).
The results obtained from environmental swabs (Table 2) indicate that for AMPs, Enterobacteriaceae counts,
and E. coli counts 88% (143 of 162), 76% (123 of 162), and
80% (130 of 162) of the samples, respectively, taken in the

FIGURE 3. Distribution of aerobic mesophilic plate counts (A),
Enterobacteriaceae (B), and E. coli (C) for meat critical sampling
locations (CSLs) (n ~ 3 | 3 for each CSL in slaughterhouses; n
~ 3 for each CSL in the processing plant; n ~ 5 | 3 for each
CSL in butcher shops). Units are log CFU per square centimeter
for all CSLs except for the samples taken from the displays in the
butcher shops (log CFU per gram). Detection limit was 1 log CFU.
, SHa, PR, BHa; #, SHb, BHb; &, SHc, BHc; %, BHd; n, BHe.

N

slaughterhouses exceeded the limits. For the AMPs,
Enterobacteriaceae counts, and E. coli counts obtained
from the processing plant, 46% (25 of 54), 19% (10 of 54),
and 17% (9 of 54) of the samples, respectively, exceeded
the limits, whereas for these values obtained from the
butcher shops, 5% (11 of 225), 8% (18 of 225), and 0% (0
of 225), respectively, of the samples exceeded the limits. In
all samples, AMPs were highly variable, ranging from 4.40
to 8.92 log CFU/cm2 in slaughterhouses, from below the
detection limit to 3.84 log CFU/cm2 in the processing plant,
and from below the detection limit to 5.50 log CFU/cm2 in
the butcher shops. The high and variable counts obtained
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FIGURE 2. Microbial safety level profiles (bar) and food safety
scores (individual parameters) for all the establishments (slaughterhouses SHa, SHb, and SHc; processing plant PR; butcher shops
BHa, BHb, BHc, BHd, and BHe). The profile was constructed by
assigning a score of 1 to 3 for each analyzed parameter. Shaded,
aerobic mesophilic plate counts; horizontal lines, Enterobacteriaceae; dots, E. coli; vertical lines, S. aureus; open, Salmonella;
solid, L. monocytogenes. Assigned scores were calculated
following the protocol of Jacxsens et al. (32).
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TABLE 2. Detailed results of microbial assessment scheme for environment samples a
Food safety indicators

Sampling site

SHa

Sampled area

Knives

Knives

Hands

SHc

Knives

Hands

Total SH
PR

Work tables

Hands

Total PR
BHa

BHb

BHc

BHd

BHe

Total BH
a

Table
Knife
Grading
Apron
Hands
Table
Knife
Grading
Apron
Hands
Table
Knife
Grading
Apron
Hands
Table
Knife
Grading
Apron
Hands
Table
Knife
Grading
Apron
Hands

machine

machine

machine

machine

machine

P4
P5
P6
P7
P8
P9
B3
B4
B5
B6
B7
B3
B4
B5
B6
B7
B3
B4
B5
B6
B7
B3
B4
B5
B6
B7
B3
B4
B5
B6
B7

Salmonella

A
A
A
NA
NA
NA
A
A
A
NA
NA
NA
A
A
A
NA
NA
NA
0/81
A
A
A
NA
NA
NA
0/27
A
A
A
A
NA
A
A
A
A
NA
A
A
A
A
NA
A
A
A
A
NA
A
A
A
A
NA
0/180

A
A
A
NA
NA
NA
A
A
A
NA
NA
NA
A
P (1/9)
P (1/9)
NA
NA
NA
2/81
A
A
A
NA
NA
NA
0/27
A
A
A
A
NA
A
A
A
A
NA
A
A
A
A
NA
A
A
A
A
NA
A
A
A
A
NA
0/180

Enterobacteriaceae

E. coli

ND–4.72
ND–4.39
ND–4.30
ND–5.16
ND–3.79
1.00–4.43
ND–3.68
1.70–5.11
ND–2.84
1.74–4.34
2.14–4.92
ND–3.84
1.54–4.66
2.02–3.39
1.54–4.72
2.32–3.74
1.84–3.02
1.84–3.50
130/162
ND–0.92
ND–1.31
ND–1.79
ND–2.00
ND–1.12
ND–2.91
9/54
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0/225

(8/9)
(6/9)
(8/9)
(4/9)
(8/9)
(9/9)
(7/9)
(4/9)
(3/9)
(7/9)
(5/9)
(7/9)
(9/9)
(9/9)
(9/9)
(9/9)
(9/9)
(9/9)
(1/9)
(1/9)
(2/9)
(3/9)
(1/9)
(1/9)

1.54–4.94
2.58–5.15
2.39–4.32
ND–3.48
2.32–4.84
1.68–3.63
ND–4.44
1.54–5.10
ND–3.39
1.14–4.76
2.32–5.36
1.14–3.76
2.14–4.80
1.84–3.46
2.50–4.90
1.84–3.84
1.14–3.54
1.99–3.80
123/162
ND–0.86
ND–2.94
ND–2.20
ND–2.59
ND–2.78
ND–3.05
10/54
ND
ND
ND–0.72
ND
ND
ND–1.18
ND–1.43
ND
ND–1.12
ND
ND–0.30
ND–0.05
ND–1.24
ND
ND
ND–2.53
ND–1.94
ND–2.35
ND–0.20
ND–0.35
ND–1.37
ND–0.70
ND–0.38
ND–1.67
ND
18/225

(7/9)
(9/9)
(8/9)
(5/9)
(9/9)
(5/9)
(4/9)
(4/9)
(5/9)
(5/9)
(4/9)
(7/9)
(9/9)
(8/9)
(9/9)
(9/9)
(7/9)
(9/9)
(1/9)
(4/9)
(0/9)
(3/9)
(1/9)
(1/9)

(3/9)

(2/9)
(2/9)
(1/9)
(0/9)
(0/9)
(3/9)

(1/9)
(1/9)
(2/9)
(0/9)
(0/9)
(2/9)
(0/9)
(0/9)
(1/9)

S. aureus

NA
NA
NA
A
A
A
NA
NA
NA
A
A
A
NA
NA
NA
A
A
P (1/9)
1/81
NA
NA
NA
A
A
A
0/27
NA
NA
NA
NA
A
NA
NA
NA
NA
A
NA
NA
NA
NA
A
NA
NA
NA
NA
A
NA
NA
NA
NA
A
0/45

Overall
indicator
(AMPc)

4.24–8.15
5.71–8.92
6.09–8.86
5.32–6.32
5.44–7.19
4.47–6.79
4.02–6.14
2.44–5.54
3.00–4.45
2.84–6.46
3.44–8.09
3.62–4.84
5.14–7.84
4.24–7.80
5.62–8.39
4.84–7.14
3.54–5.92
4.46–6.54
143/162
ND–3.32
2.16–3.68
2.68–3.84
1.06–3.59
1.78–3.71
1.06–2.95
25/54
ND–2.63
ND–3.38
1.12–4.35
ND–2.79
ND–2.49
1.20–3.68
ND–3.70
1.60–4.06
ND–2.62
ND–2.24
2.30–3.37
ND–2.48
2.29–4.78
ND–1.21
ND–2.32
ND–4.68
ND–5.50
1.64–4.14
ND–4.22
ND–3.36
1.00–4.05
ND–4.42
1.64–4.14
ND–3.15
ND–1.39
11/225

(6/9)
(9/9)
(9/9)
(9/9)
(9/9)
(9/9)
(9/9)
(4/9)
(4/9)
(8/9)
(6/9)
(7/9)
(9/9)
(9/9)
(9/9)
(9/9)
(9/9)
(9/9)
(1/9)
(8/9)
(3/9)
(5/9)
(8/9)
(0/9)
( 0/9)
(0/9)
(1/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)
(2/9)
(0/9)
(0/9)
(3/9)
(3/9)
(1/9)
(1/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)
(0/9)

Values are range of microbial contamination (log CFU per square centimeter) followed by the number of samples exceeding the limit/
number of samples taken. A, absent in 25 cm2; ND, not detected (below the quantification limit of 1 log CFU/cm2); NA, parameter not
analyzed for this CSL; P, present in 25 cm2.
b
CSL, critical sampling location.
c
AMP, aerobic mesophilic plate count.
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S5
S6
S7
S8
S9
S10
S5
S6
S7
S8
S9
S10
S5
S6
S7
S8
S9
S10

Hands

SHb

CSLb

L. monocytogenes

Hygiene indicators
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microbiological control measures in such a fresh meat
chain. The MAS is a useful tool for assessing the actual
performance of microbial control measures implemented in
FSMSs along the (lamb) production chain because it
provides information about the FSMS performance in an
effective and efficient way.
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