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SUMMARY

The aim of this study was to establish the types and levels of bacterial
contamination on beef carcasses slaughtered under commercial conditions.
This information is necessary as baseline data for the implementation of a
Hazard Analysis Critical Control Point (HACCP) plan in a meat factory.
Samples were taken over a twelve month period from five carcass sites
representing the fore and hind quarters of the carcass. These included the
hock, bung, inside round, cranial back and brisket. The carcasses were
sampled at different stages of dressing namely legging, hide removal,
evisceration, carcass splitting, carcass washing and chilling (24 h later). Four
meat cuts (inside round, outside round, chuck roll (cranial back) and
brisket) were also sampled after boning. Counts were enumerated for the
following groups of bacteria: total bacterial counts (25°C and 4°C);
pseudomonad counts (25°C and 4°C); Enterobacteriaceae counts; Escherichia
coli O157:H7 and Listeria spp.
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INTRODUCTION

Hazard Control

The HACCP system is a universally recognised and accepted system for
food safety assurance. HACCP is a systematic means of controlling any
hazard (physical, chemical or microbiological) that may arise in a food
processing operation. It is a preventative control system wherein hazards are
identified, critical control points (CCPs) are determined and the methods
for control and compliance are clearly specified. In line with the EC
directive 93/43/EEC on the hygiene of foodstuffs, Irish food producers are
beginning to implement the principles of HACCP. Under this directive,
food business operators are legally required to identify any step in their
activities which is critical to ensuring food safety.

Designing a HACCP system

It is imperative when designing a HACCP system for a meat plant that
baseline data is available for the types and levels of microbial contamination
present at each CCP (NACMCF, 1993; Gill et al., 1996). While it is
possible to apply a generic HACCP plan to beef production (NACMCF,
1993) each slaughter facility is unique in the type and level of
contamination occurring on the carcass. Baseline data collected before the
implementation of a HACCP system will help to evaluate the efficiency of
current control procedures, objectively identify CCPs, establish critical
limits, identify suitable indicator organisms and set levels against which
future process modifications can be measured. Periodic sampling to
establish conformance with baseline data should be performed to verify
process control. Process modifications which result in improved carcass
hygiene should be adopted.

Bacterial control on the kill line

Pathogens such as E. coli O157:H7, Listeria and Salmonella make their way
into the slaughterhouse on the hide, hooves or in the intestine of animals.
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Hide removal, evisceration, carcass washing and chilling are generally
regarded as CCPs during beef slaughter and dressing. Hide removal results
in the transfer of contamination from the hide to the carcass, either by
direct contact or via the hands and knives of the operator, or by the hide
pulling machine (Bell, 1997). Good manufacturing practice reduces cross
contamination from the hide to the carcass and from one carcass to another.
Rodding and bunging accompanied by good manufacturing practice and
careful removal of the visceral contents are required to achieve control
during evisceration. Potable water at various temperatures and/or a
bactericidal rinse are used in carcass washing. A wash with cold potable
water is designed to remove macro-contamination such as bone dust, blood
clots and faecal material but its efficiency in reducing microbial
contamination has been shown to be limited and probably causes
redistribution of bacteria (Bell, 1997). A hot potable water wash will
achieve greater reductions in bacterial numbers compared to a cold wash
(Castillo et al., 1998). Chilling reduces the multiplication of mesophilic
pathogens (Grau, 1986) and can be monitored easily using temperature data
loggers. De-boning of beef sides is carried out at <10°C to reduce microbial
multiplication, however, there is still ample opportunity for cross
contamination to occur due to handling and contact of the meat with work
surfaces.

The aim of this study was to provide baseline data on the types and levels of
bacterial contamination at different stages of beef slaughter and dressing.

3
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Total bacterial counts on beef carcasses enumerated at 25°C and
4°C

Bacterial counts were obtained at 25°C and 4°C to give an estimate of the
total numbers of mesophilic and psychrotrophic bacteria present
respectively. The total bacterial counts obtained at 25°C tended to be
higher than at 4°C. However, at both temperatures, the total counts
followed similar patterns of development at each of the processing stages.
This was generally observed for each of the carcass sites. A typical example
is shown in Figure 1 for the bung. Examination of the total bacterial counts
at different stages of processing revealed the inability of carcass washing to
reduce bacterial contamination. This was particularly evident for the cranial
back where the total counts increased by log10 0.5-0.8 cfu/cm2 after carcass
washing, suggesting that the overall effect of this step is to re-distribute
bacteria on the carcass. A decrease in total counts of log10 0.2-0.7 cfu/cm2

was observed after chilling, particularly at 25°C (Figure 2). A comparison of
counts before and after boning showed increases of log10 1-2 cfu/cm2 at
25°C and 4°C on the inside round, cranial back and brisket after boning.
This is not surprising considering the increased handling of individual meat
cuts in the boning hall resulting in greater opportunities for cross
contamination.

Pseudomonad counts on beef carcasses enumerated at 25°C
and 4°C

The pseudomonads cause aerobic spoilage of meat. Similar to the total
bacterial counts, the pseudomonad counts tended to be higher at 25°C than
at 4°C. The pseudomonad counts at 25°C and 4°C also followed similar
patterns at each of the processing stages and for all the carcass sites. The
inability of carcass washing to reduce bacterial contamination was more
pronounced for the pseudomonads than the total bacterial counts. An
increase in pseudomonad counts of log10 0.3-0.9 cfu/cm2 was frequently
observed after carcass washing, especially at 4°C (Figure 3). In general, the 

pseudomonad counts decreased slightly by ca. log10 0.5 cfu/cm2 on all the
carcass sites after chilling. One exception was noted for the brisket where
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Figure 1: Total bacterial counts on the bung area of the beef carcass,
enumerated at 25°C and at 4°C.

1=legging; 2=hide removal; 3=evisceration; 4=carcass splitting; 5=carcass
washing; 6=after chilling.
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an increase of log10 0.7 cfu/cm2 was observed. This may have been due to
cross contamination. Similar to the total bacterial counts, the pseudomonad
counts also increased by log10 1-2.7 cfu/cm2 after boning.

Figure 2: Total bacterial counts at 25°C before and after chilling of beef
carcasses.

H=hock; B=bung; IR=inside round; CB=cranial back; BR=brisket.

6
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Figure 3a: Pseudomonad counts at 25°C, before and after washing of beef
carcasses.

H=hock; B=bung; IR=inside round; CB=cranial back; BR=brisket.

Figure 3b: Pseudomonad counts at 4°C, before and after washing of beef
carcasses.

H=hock; B=bung; IR=inside round; CB=cranial back; BR=brisket.
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Levels of Enterobacteriaceae on beef carcasses

In contrast to the above results, small reductions in Enterobacteriaceae counts
(log10 0.1-0.4 cfu/cm2) were noted after carcass washing. Reduced
Enterobacteriaceae counts (log10 0.2-0.4 cfu/cm2) were also observed after
chilling. However, similar to the pseudomonads and total counts, an
increase in Enterobacteriaceae counts (log10 0.5-1.4 cfu/cm2) was detected on
the inside round, cranial back and brisket after boning (Figure  4).

Figure 4: Enterobacteriaceae counts before and after boning beef inside round
(IR), cranial back (CB) and brisket (BR).
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Incidence of Escherichia coli O157:H7 on beef carcasses

E. coli O157:H7 was detected on 4 out of 36 (11%) carcasses sampled, with
the positive isolations occurring in July and August (Table 1). On one of the
carcasses, E. coli O157:H7 was detected only on the cranial back and only
after carcass washing. However, on the other three carcasses, E. coli
O157:H7 was widely distributed, suggesting that there are many modes of
transmission of E. coli O157:H7 in the abattoir. Contamination of the
cranial back as early as hide removal was unexpected as this area is
untouched by the operatives or the hide at this stage. On the fourth carcass
positive for E. coli O157:H7, the organism was generally present on all the
carcass sites examined up to the task of evisceration. It was not detected at
carcass splitting or carcass washing, but it was isolated again after chilling
and boning. This may
reflect a lack of
sensitivity in the
detection method used
or it could have been
due to cross
contamination from the
operative placing the
carcass in the chill. It
should be noted that two
of the carcasses positive
for E. coli O157:H7 were
detected on the same
day, and while they were
separated on the line,
they were placed
together in the chill
which may have also led
to cross contamination.
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Table 1: Isolation of E. coli O157:H7 from beef carcasses (n=36) during dressing 

and boning

Carcass Number 1 2 3 4

Detection date 15-7-1997 22-7-1997 12-8-1997 12-8-1997

Legging

Hock - a - - +

Hide removal

Hock - + + +

Bung - + + +

Cranial back - + + +

Brisket - + + +

Evisceration

Hock - + + +

Bung - + + +

Cranial back - + + +

Brisket - - + -

Carcass splitting

Inside round - + - -

Bung - + + -

Cranial back - + + -

Brisket - - + -
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Carcass washing

Hock - + + -

Inside round - + + -

Bung - + + -

Cranial back + + + -

Brisket - + - -

After chilling (24 h)

Hock - - + +

Inside round - - + +

Bung - - + +

Cranial back - - + +

Brisket - - + +

Boning hall

Inside round - - + -

Outside round - - + +

Chuck roll - - + -

Brisket - - + +

a - = sites which were negative for E. coli O157:H7; + = sites which were
positive for E. coli O157:H7.
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Incidence of Listeria spp. on beef carcasses

Of a total of 156 positive Listeria samples, 20% were the pathogenic strain
L. monocytogenes, with the remainder consisting of L. innocua (55%) and L.
welshimeri (25%) (Table 2). Although it is difficult to identify sources of
contamination from L. monocytogenes alone, examination of the overall
occurrence of Listeria highlighted certain trends. The number of Listeria
isolated from the hock at each process stage as a percentage of the total
number of hock samples taken at that stage showed an increase between
legging (3%) and hide removal (21%) and a decrease at evisceration (15%)
and carcass washing (6%). Considering that the hock may not be touched
after legging, this trend indicates possible airborne contamination of the
hock especially at hide removal. Listeria was not detected at the cranial
back until after carcass washing when 12% of the samples were positive,
again indicating possible re-distribution of the organism during this step.
Grouping of the sites at each process stage highlighted two problem areas,
namely carcass washing and boning. Eighteen percent of samples taken after
carcass washing and 50% of samples after boning were positive for Listeria as
opposed to 3% at legging and 9-12% at the other process stages. The
frequency of detection of Listeria provides a baseline against which
improvements in process hygiene can be measured. Although Listeria is not
an enteric organism and could not be used as an indicator for enteric
pathogens such as E. coli O157:H7, it might be useful as an indicator of
global factory hygiene (Gobat and Jemmi, 1990).
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Table 2: Number of carcass sites that tested positive for Listeria spp. in a sample of 34
beef carcasses.

L. monocytogenes L. innocua L. welshimeri

Legging

Hock 0 1 0

Hide removal

Hock 3 3 1

Bung 1 2 0

Cranial back 0 0 0

Brisket 1 5 0

Evisceration

Hock 0 5 0

Bung 2 4 1

Cranial back 0 0 0

Brisket 0 1 0

Carcass splitting

Inside round 1 7 0

Bung 2 2 0

Cranial back 0 0 0

Brisket 0 1 0
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Carcass washing

Hock 0 0 2

Inside round 2 3 4

Bung 2 2 4

Cranial back 1 1 2

Brisket 1 4 2

After chilling (24 h)

Hock 1 1 0

Inside round 1 1 1

Bung 0 2 0

Cranial back 0 2 2

Brisket 0 2 3

Boning hall 

Inside round 2 8 6

Outside round 8 17 3

Chuck roll 1 5 5

Brisket 2 7 3

Total 31 86 39
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CONCLUSIONS

This study provided information on the baseline levels of bacterial
contamination which may be present on beef carcasses during slaughter and
dressing. This is necessary for the development and implementation of
HACCP systems in beef slaughter plants.

Carcass washing was ineffective at reducing bacterial contamination on beef
carcasses. This step resulted in re-distribution of bacteria from the hind to
the fore quarters of the carcass. This was particularly evident for the
pseudomonads and the Listeria spp. isolated. Carcass washing did not
eliminate E. coli O157:H7.

Bacterial contamination was reduced on most carcass sites after chilling for
24 h.

A large increase in bacterial contamination was observed after boning. This
was shown for each group of bacteria tested and was most likely due to
cross contamination from the increased handling and contact with surfaces
and equipment at this stage.

The relatively widespread distribution of E. coli O157:H7 found on beef
carcasses and in the factory environment has major implications in terms of
the transfer of this pathogen onto meat cuts. This is particularly important
considering that E. coli O157:H7 has a low infective dose and is capable of
causing severe illness, particularly in young children and the elderly. It is
essential that control measures, such as improved factory hygiene, are
implemented to eliminate or reduce the incidence of this pathogen in the
factory environment and thus prevent its spread onto meat cuts.
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