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tools, hands/arms, and clothing of
workers (Mackey and Roberts, 1991). A
classic example is a worker holding the
carcass with an unwashed hand that
previously had been in contact with the
outer surface of the hide.

Studies have shown that workers
handling hide-on beef carcasses are
more likely to have a higher incidence
and prevalence of salmonellae on their
hands than are personnel performing
other on-line tasks (Smeltzer et al.,
1980b). Similarly, knives and other
equipment used for hide removal are
more likely to be contaminated with
Salmonella than are implements used
for other operations (Peel and Simmons,
1978; Smeltzer et al., 1980a). Grau
(1979) found that Salmonella
contamination was especially likely to
occur when a knife was used to free the
rectum and anal sphincter during hide
removal. Studies have shown that knife
decontamination in hot water is often an
inadequate means of inactivating
Salmonella and other bacteria on the
knife surface, usually because of
insufficient exposure time (Peel and
Simmons, 1978). Greater than 10
seconds exposure was necessary for
microbial inactivation when a
contaminated knife was dipped in 82°C
water. Cross-contamination is reduced
when knives and other implements are
frequently decontaminated, and hands,
arms, and aprons are washed and
sanitized regularly (Norval, 1961;
Childers et al., 1973; Peel and Simmons,
1978; Roberts, 1980; Smeltzer et al.,
1980a and b; de Wit and Kampelmacher,
1982; Grau, 1987).

After the removal of hide, hooves, and
head, most subsequent microbial
contamination is attributable to the
hygienic practices of the workers or
technical errors, such as puncturing the
animal’s gastrointestinal tract (Roberts,
1980). Knives and other equipment used
for evisceration are generally less
contaminated than tools used for hide
and leg removal (Smeltzer et al., 1980a).
The incidence of Salmonella on beef
carcasses, knives, and aprons increases
at the stage of evisceration, but to a
lesser degree than during hide and leg
removal (Stolle, 1981; Smeltzer et al.,
1980a). Thorough training and careful
evisceration practices (especially
closing off the ends of the
gastrointestinal tract and removing the
intestines from the body cavity) are
necessary to prevent carcass
contamination with ingesta or feces
(Grau, 1987; ICMSF, 1988; Mackey and
Roberts, 1991).

Microbiological contamination
acquired during the slaughter and
dressing process of livestock is not
spread evenly over the carcass, and may

be expected to vary between sides of the
same carcass, between different
carcasses processed on the same day at
an abattoir, between carcasses produced
on different days at an abattoir, and
between carcasses produced at different
establishments (Empey and Scott, 1939;
Kotula et al., 1975; Ingram and Roberts,
1976; Roberts 1980; Johanson et al.,
1983). This variability can be due to a
number of factors, such as differences in
dressing methods, worker skill,
application of washing or other carcass
treatments, season of the year, and
weather.

I11. Attachment of Bacteria

The rate of attachment, growth, and
multiplication of bacteria on carcasses is
dependent on the structure,
composition, and water activity of the
exposed tissues, the acidity of the
surface, the temperature of air and the
carcass, the bacterial strain, and various
bacterial attachment mechanisms
(Lillard, 1985). The skinned *‘hot” beef
carcass provides an ideal environment
for bacterial survival and multiplication.
Surfaces of chilled carcasses, especially
those that have experienced significant
dehydration, may be less attractive sites
for bacterial attachment.

The process by which bacteria attach
to meat surfaces is believed to consist of
two stages. The first stage is where
bacteria are either attached by weak
physical forces or freely floating in the
water film that covers the meat surface.
The second stage is characterized by a
stronger attachment mechanism
involving, in part, the formation of
polysaccharides over time (Firstenberg-
Eden, 1981). This consolidation stage is
followed by colonization or growth of
the microbes on the meat tissue. Once
attachment and colonization have
occurred, it is very difficult to
completely remove pathogenic
microorganisms from meat or poultry
surfaces by normal processing methods
(Benedict et al., 1991).

There is considerable variability
among bacteria in their ability to attach
to different surfaces. This is likely to be
a reflection of the different mechanisms
(including pili, flagella, extracellular
polymers) used by different bacteria. It
has been suggested that bacteria from
feces attach more strongly and in higher
numbers than the same bacteria grown
in laboratory media or meat surfaces
(Notermans et al., 1980). Enhanced
binding by bacteria present in feces may
have to be considered when evaluating
the efficacy of carcass decontamination
treatments.

It appears that specific bacterial
binding sites (receptors) exist on animal
cells. Collagen, in particular, seems to

be a target for bacterial attachment
(Mattila and Frost, 1988; Benedict et al.,
1991). Notermans and Kampelmacher
(1983) concluded that attachment
cannot be completely prevented by
manipulating water sprays or baths
through the addition of chemicals or
manipulating pH. Therefore, the only
way to absolutely prevent attachment is
to prevent contact between bacteria and
meat. While bacteria are still freely
floating in the water film, they can be
displaced using clean water (Notermans
and Kampelmacher, 1983). Measures
designed to block attachment should be
applied as soon as possible following
contamination. Two points on the
slaughter line that appear to be likely
sites for the application of carcass
sprays are following hide removal and
following evisceration.

IV. Methods To Decrease Carcass
Contamination

In addition to trimming as a means of
removing bacteria associated with
visible contamination, bacteria are
removed from carcasses by several
recommended methods, such as rinsing
or washing with water (both hot and
ambient temperatures), either with or
without one of several approved food-
grade organic acids (lactic, acetic, or
citric) or chemical sanitizers, such as
chlorine. Each of these factors is
reviewed in the following sections for
its relevance to beef carcass
decontamination.

A. Water Rinsing

Rinsing a carcass can remove physical
contamination (dirt, hair, fecal matter,
etc.) to a varying degree, carrying with
it some of the resident microorganisms.
As indicated above, interventions of this
type or others that physically remove
bacteria should be used as early as
possible after likely introduction of
contamination (e.g., after hide removal)
to prevent or retard bacterial attachment
and growth. Various factors associated
with rinsing carcasses can be
manipulated, increasing the
effectiveness of this approach. Major
factors include water temperature, water
pressure, line speed, and method of
application (Anderson et al., 1979;
Crouse et al., 1988). While numerous
studies have examined the efficacy of
washing techniques, most investigations
have been conducted under research
conditions, and only a few have directly
evaluated effectiveness in production
settings.

The use and timing of hot water
(95° C) application during processing
were investigated by Barkate et al.
(1993) to determine effectiveness in
reducing the numbers of naturally



