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Abstract

Increased consumer awareness and concern about microbial foodborne diseases has resulted in intensified efforts to reduce
contamination of raw meat, as evidenced by new meat and poultry inspection regulations being implemented in the United
States. In addition to requiring operation of meat and poultry slaughtering and processing plants under the principles of the
hazard analysis critical control point (HACCP) system, the new regulations have established microbiological testing criteria
for Escherichia coli and Salmonella, as a means of evaluating plant performance. These developments have renewed and
intensified interest in the development and commercial application of meat and poultry decontamination procedures.
Technologies developed and evaluated for decontamination include live animal cleaning /washing, chemical dehairing,
carcass knife-trimming to remove physical contaminants, steam/hot water-vacuuming for spot-cleaning/decontamination of
carcasses, spray washing/ rinsing of carcasses with water of low or high pressures and temperatures or chemical solutions,
and exposure of carcass sides to pressurized steam. Under appropriate conditions, the technologies applied to carcasses may

2reduce mean microbiological counts by approximately one–three log colony forming units (cfu) /cm , and some of them
have been approved and are employed in commercial applications (i.e., steam-vacuuming; carcass spray-washing with water,
chlorine, organic acid or trisodium phosphate solutions; hot water deluging/spraying/ rinsing, and pressurized steam). The
contribution of these decontamination technologies to the enhancement of food safety will be determined over the long term,
as surveillance data on microbial foodborne illness are collected. This review examines carcass decontamination
technologies, other than organic acids, with emphasis placed on recent advances and commercial applications.  1998
Elsevier Science B.V. All rights reserved.
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1. Introduction and Australia, there has been increased consumer
awareness and interest by regulatory authorities and

Following some highly publicized outbreaks of the industry to improve sanitary conditions and the
foodborne disease caused by pathogenic bacteria, microbiological status of meat in slaughter and
such as Escherichia coli O157:H7 (Bell et al., 1994; processing plants. One action taken by the Food
Sofos and Smith, 1993), in the United States, Japan Safety and Inspection Service (FSIS) of the United

States Department of Agriculture (USDA) was the
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enforce the requirement of knife-trimming for re- ming; carcass rinsing at pre-evisceration with water,
moval of all visible physical contaminants from beef which may be followed by rinsing with an organic
carcasses prior to washing and chilling (FSIS, 1993; acid solution; final (before chilling) washing/spray-
Horne, 1993). Another action was the publication of ing of carcass sides with water or solutions of

6new meat and poultry inspection regulations in the chlorine (20–50 parts /10 ) or organic acids such as
United States, which required the establishment, by acetic-, lactic- and citric acid (1.5–2.5%); food grade
all meat and poultry processing plants, of sanitation trisodium phosphate (8–12%) treatment of carcasses;
standard operating procedures; operation under the hot water ( . 748C) treatment of carcass sides; and
hazard analysis critical control point (HACCP) sys- application of pressurized steam (‘steam pasteuriza-
tem and the establishment of microbiological per- tion’) to carcass sides following spray-washing.
formance criteria and standards for Escherichia coli
and Salmonella as a means for verification of
HACCP (FSIS, 1996; Sofos, 1993). These develop- 2. Animal washing and chemical dehairing
ments renewed interest in meat decontamination
procedures, which have been investigated for ap- The muscle tissues of healthy animals before
proximately 25 years (Dickson and Anderson, 1992; slaughter are considered sterile, while lymph nodes
FSIS, 1995; Sofos, 1994). and, especially, surfaces exposed to the environment

The objective of this paper is to present an (i.e., external hide, pelt, fleece, feathers and the
overview of fresh meat and poultry decontamination gastrointestinal tract) carry contamination, which
with technologies, other than organic aids, and with may be extensive (Sofos, 1994). This contamination,
emphasis placed on recent advances and on applica- in addition to environmental plant contamination,
tions in commercial operations of procedures to becomes a source of carcass and meat contamination
reduce contamination of carcasses. The decontamina- during slaughtering and processing. One approach to
tion treatments discussed include approaches, such as potentially reduce the contribution of external animal
animal washing/cleaning and chemical dehairing of contamination to carcass contamination has been to
cattle, application of steam/hot water-vacuum- wash the animals before slaughter. Furthermore,
generating equipment for spot-cleaning/decontami- individual operations have evaluated, or used, vari-
nation of carcasses; variable pressure spraying/ rins- ous other approaches to reduce potential contamina-
ing of carcasses or carcass sides with chemical tion, including cutting of hair and fecal dags on the
solutions such as chlorine and trisodium phosphate, exterior of the animals before slaughter. Pre-slaugh-
or with low or high temperature water; and exposure ter washing of sheep is an approach practiced in New
of carcass sides to pressurized steam or ‘steam Zealand (Biss and Hathaway, 1995), while certain
pasteurization’. Other treatments proposed, and to a operators may be washing cattle before slaughter in
certain extent tested, for application in meat de- the United States. However, Biss and Hathaway
contamination include spraying/ rinsing with a vari- (1996) found that contamination of lamb carcasses
ety of chemical solutions, and exposure to ionizing with total aerobic bacteria and E. coli was greater on
radiation, high hydrostatic pressure, sonication, those washed before slaughter, irrespective of wool
pulsed light and pulsed electric fields. The various length, and was generally higher on carcasses de-
decontamination technologies have been evaluated rived from woolly lambs than on those derived from
during experimental or commercial application in shorn lambs. Nevertheless, the results were not
pilot, as well as industrial, facilities. Variables evalu- consistent between forequarters and hindquarters,
ated depend on specific interventions and include and there was less visible contamination on the
pressure, temperature, concentration, time of applica- carcasses of washed lambs than on those of un-
tion, type or species of products, and types of washed lambs. The microbiological contamination of
microorganisms tested. At the present time, decon- carcasses from the best presented animals (shorn,
tamination technologies permitted by FSIS in the clean, unwashed) was five times lower [3.9 log

2United States for use with no need for prior approval colony forming units (cfu) /cm ] than that (4.6 log
2include steam-vacuuming as an alternative to spot- cfu /cm ) on the worst presented animals (wooly,

cleaning/decontamination of carcasses by knife-trim- dirty, washed). In general, the results of animal
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washing before slaughter have been variable and process was complete, the animal proceeded through
application of the procedure may be limited by normal slaughtering and dressing procedures
climate, type of animal and the availability of (Schnell et al., 1995).
facilities. The results (Schnell et al., 1995) indicated that

On October 25, 1995, the FSIS of the United dehairing reduced visual physical contaminants evi-
States announced approval of commercial trials for dent on the carcasses but it did not decrease the
testing of a patented (Bowling and Clayton, 1992) overall bacterial load on carcasses compared to that
chemical process to remove hair and external con- on carcasses from nondehaired animals (Table 1).
taminants from cattle early in the slaughtering pro- The reduced visual contamination of dehaired carcas-
cess. The objective of this process is to remove the ses was evident by the significantly lower number of
hair, mud, manure and other external contaminants hair and carcass defects, and by the lower amounts
before hide removal and, thus, to reduce carcass of waste generated by trimming of physical contami-
contamination during hide removal and carcass nation from these carcasses compared to that on
dressing. During experimental application of the conventionally slaughtered animals. In this study
process at the post-exsanguination stage in a com- (Schnell et al., 1995), the dehaired animals were
mercial beef slaughtering operation, Schnell et al. processed during operational breaks on days when
(1995) compared carcasses from dehaired animals conventionally slaughtered animals were processed
with those from conventionally (not dehaired) pro- before and immediately after dehairing. This would
cessed animals. The dehairing process (Bowling and indicate that, during processing of dehaired carcas-
Clayton, 1992) was described (Schnell et al., 1995) ses, the plant environment carried normal contamina-
as follows: a beef steer or heifer was stunned, tion contributed by nondehaired animals. Therefore,
shackled, hoisted onto a rail and exsanguinated. In an it can be postulated that the bacterial status of
enclosed cabinet, the carcass was rinsed with 40.58C dehaired carcasses could be improved in facilities
water at 828 kPa. The carcass was then sprayed with designed for the exclusive processing of dehaired
a 10% solution of sodium sulfide at 345 kPa (258C). animals.
The chemical solution was allowed to act on the hair Additional data from our laboratory (Graves De-
for 90 s and then the carcass was conveyed through a lmore et al., 1997b) have indicated that hair–coat

2second application of a 10% sodium sulfide solution coliform contamination (2.3 log cfu /cm ) was re-
(552 kPa). The chemical was allowed to act for duced on the dehaired hide before removal from the

2another 60 s, and the carcass was water rinsed at carcass (1.0 log cfu /cm ), and on the skinned
240.58C (2068 kPa), followed by rinsing with a 3% carcass surface (0.9 log cfu /cm ). Additional data

solution of hydrogen peroxide (345 kPa for 17 s), to (Graves Delmore et al., 1997b), involving test tube
neutralize the residual sodium sulfide. The carcass application of the dehairing process, have indicated

2was then rinsed with 40.58C water (828 kPa). the destruction ( . 3 log cfu /cm ) of inoculated E.
Finally, the carcass was rinsed again with a solution coli O157:H7, Salmonella spp. and Listeria mono-
of 3% hydrogen peroxide, followed by water, to cytogenes, as well as bacterial cell injury caused by
further reduce the pH of the hide. After the dehairing the dehairing chemicals.

Table 1
Comparison of beef carcasses from dehaired and conventionally slaughtered animals

Parameters Conventional Dehaired
a bVisible contamination specks 351 (406) 132 (90)

a bTotal carcass defects 45 (44) 15 (11)
a aWeight of trimmings for ‘zero tolerance’ (kg) 2.7 (1.9) 1.4 (0.9)

2 a aAerobic plate counts (log cfu /cm ) 4.1 (0.7) 4.0 (0.7)
2 a bTotal coliform counts (log cfu /cm ) 1.6 (0.8) 2.0 (0.8)

2 a aEscherichia coli counts (log cfu /cm ) 1.2 (0.8) 1.1 (0.8)
a,b Means (standard deviation) in the same row with different superscripts are different (P , 0.05).
From Schnell et al. (1995).
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Reportedly, the company that owns the chemical reduction of bacterial counts achieved by steam-
dehairing patent is considering installation of a vacuuming with either one of the two commercially
custom designed dehairing tunnel at one of its beef available systems in the United States were at least
slaughtering facilities in conjunction with a hide as extensive as those achieved by knife-trimming.
tannery. The tannery is needed to process the de- We evaluated the two commercial steam-vacuum-
haired hides in order to minimize pollution concerns ing systems as they were applied in commercial
generated by the hydrolyzed hair and the residual operations by plant personnel (Kochevar et al.,
chemicals (sodium sulfide and hydrogen peroxide) 1997a). Steam-vacuuming Unit A (Kentmaster
involved in the chemical dehairing process. Evalua- Manufacturing Company, Monrovia, CA, USA) was
tion of carcasses slaughtered in such a facility should designed to draw a vacuum of 2 0.0093 bar (1
give a more representative picture of contamination bar 5 100 kPa) while a water nozzle inside the
present on carcasses generated following chemical vacuum head sprayed hot water ( . 828C) at 0.34 to
dehairing. Theoretically, and over an extended period 1.03 bar. Two additional nozzles, one above and one
of time, it could be anticipated that removing the below the vacuum head, released steam at 2.07 to
dirt, feces and hair prior to removing the hide of a 3.45 bar in order to continuously sanitize the stain-
beef carcass should decrease the occurrence of less steel vacuum head (approximately 10.16 cm in
pathogens on beef carcasses (Schnell et al., 1995). length and 5.08 cm in width), which came in contact
The contamination of the resulting meat, however, with the carcass surface. When the vacuum head
will also depend on plant design, good manufactur- came into contact with the carcass surface, a vacuum
ing practices, sanitation and hygienic practices, and of 2 0.0093 bar was drawn and, simultaneously, the
overall avoidance of environmental cross-contamina- water nozzle ejected water ( . 828C) at 0.34 to 1.03
tion. bar; the soil was then taken to a waste water holding

tank that was connected to the unit. Steam-vacuum-
ing Unit B (Jarvis Products Corporation, Mid-

3. Spot-cleaning/decontamination of carcasses dletown, CT, USA) was designed to draw a vacuum
by knife-trimming or steam/hot water- of 2 0.0093 bar, while steam (828C) was sprayed
vacuuming out of the hand wand (no nozzle) at a pressure of

1.03 bar, thus loosening the soil from the carcass
In April of 1996, the FSIS approved for use in surface and transporting it to a waste-water holding

commercial slaughtering beef operations the process tank. The stainless-steel vacuum head (10.16 cm in
of spot-cleaning /decontamination of carcasses length by 2.54 cm in width) was continuously
( , 2.5 cm diameter spots) with hand-held equipment sanitized by the steam exiting the orifices that
applying steam and vacuum, or water / steam and surrounded the vacuum opening (Kochevar et al.,
vacuum (Kochevar et al., 1997a). The process was 1997a). During the study of Kochevar et al. (1997a),
approved for use as an alternative to trimming with a the vacuuming process was applied to the sample
knife for removal of visible contamination on carcas- area in downward, vertical motions that were parallel
ses to achieve the objectives of the ‘zero tolerance’ to the length of the carcass, with a contact time of
policy (FSIS, 1993; Horne, 1993). The process, approximately 5 to 10 s. The number of times of
which uses hot water and/or steam to loosen soil and application (passes) and the total contact time varied
kill bacteria, followed by application of vacuum to depending on the extent of fecal contamination, ease
remove the contaminants, is now used very exten- of its removal, and speed of each application by the
sively by the United States animal slaughtering operator. It is expected that the effort to visibly clean
industry because it reduces the need for carcass the carcass surface and the manner of application by
knife-trimming. The approval of the process was the operator can lead to variation in decontamination
based on unpublished industry data and on published effectiveness by the steam-vacuuming process. How-
reports demonstrating its efficacy (Dorsa et al., 1996, ever, under plant conditions, knife-trimming may
1997a; Kochevar et al., 1997a). In general, the data also result in variable decontamination efficacy
collected during commercial application of the pro- (Kochevar et al., 1997a).
cess indicated that removal of visible soil and The study (Kochevar et al., 1997a) involved
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comparison of decontamination achieved by steam- 4. Decontamination of carcasses by washing/
vacuuming and knife-trimming of soiled carcasses spraying/rinsing
( # 2.5 cm in diameter spots of fecal material) in five
(Unit A) and in two (Unit B) beef slaughtering Various technologies for decontamination of car-
plants. The results indicated that both units achieved casses involve attempts to reduce contamination by
removal of physical material similar to that obtained immersion, flooding, deluging, cascading water, rins-
by knife-trimming, as indicated by visual evaluation ing, or spray-washing. These treatments are also
(Table 2). Steam-vacuuming and knife-trimming necessary to remove visible soil of various types,
reduced mean aerobic plate counts (APC) on treated including hair, feces and bone dust. Such tech-

2carcass spots by 1.7–2.0 and 1.4–1.6 log cfu /cm , nologies have been developed and tested through the
respectively (Table 2). Corresponding reductions in years and some have found commercial application.
total coliform counts (TCC) were 1.7–2.2 and 1.6– The majority of slaughter plants in the United States

21.8 log cfu /cm . Steam-vacuuming also reduced have installed and use some type of cold or warm
mean bacterial counts on carcass surfaces that had no water, or organic acid solution, carcass-spraying
visible contamination by 0.6–0.7 and 0.2–0.3 log system, and spray-washing is considered as a critical

2cfu /cm for APC and TCC, respectively (Kochevar control point in the slaughtering process. Factors to
et al., 1997a). Gill and Bryant (unpublished data; be controlled and which can influence the decon-
Agriculture and Agri-Food Canada Research Centre, taminating efficacy of such treatments include water
Lacombe, Alberta, Canada) found reductions in pressure, water temperature, chemicals present, time
mean bacterial counts achieved by steam-vacuuming of exposure (which may depend on the speed of
of , 0.5 log and no discernible effect on the overall slaughter), method of application and the time or
microbiological conditions of the carcasses emerging stage of application in the slaughtering sequence
from the process. As indicated, however, after their (Bolder, 1997; Cutter et al., 1997; Gorman et al.,
approval, the relatively low cost, steam-vacuuming 1995b).
units became very popular in United States slaug- Of the many studies conducted to investigate
hterhouses, as substitutions for knife-trimming, due decontamination by spraying/ rinsing only, few have
to their effectiveness in removing accidental visible been applied in commercial settings, while immer-
contamination. The effectiveness in reducing micro- sion processes are applied mostly to poultry carcas-
bial contamination by treating carcass portions with ses (FSIS, 1995). In recent years, bird-washing
these hand-held apparatuses should depend on em- systems have also been developed in the United
ployee diligence of application and the operational States for spray-washing of poultry carcasses. Con-
status of the equipment. Furthermore, it should be cerns associated with the application of immersion
stressed that this approach is applied only to specific treatments include cross-contamination, while those
carcass portions, generally those known to be heavily associated with spraying / rinsing treatments include
contaminated. the influence of spraying pressure on bacterial pene-

Table 2
Mean (standard deviation) visual scores for cleanliness, aerobic plate counts (APC) and total coliform counts (TCC) of beef carcass surfaces
decontaminated by knife-trimming or by one of two steam-vacuum spot-cleaning units in five (Unit A) or in two (Unit B) plants

2Knife- Steam- Visual scores Log cfu /cm

trimming vacuuming Before After APC TCC

No No 2 2 4.9 (1.1) 3.4 (1.0)
Yes No 3.8 (0.8) 0.2 (0.3) 3.5 (1.2) 1.8 (1.2)
No Yes (Unit A) 3.9 (0.8) 0.3 (0.4) 3.2 (1.2) 1.7 (1.0)
No No 2 2 4.8 (1.0) 3.1 (0.9)
Yes No 4.3 (0.9) 0.4 (0.8) 3.2 (1.0) 1.3 (0.9)
No Yes (Unit B) 4.6 (0.7) 0.3 (0.7) 2.8 (0.9) 0.9 (0.7)

Visual scores: 0–5 (clean–dirty).
From Kochevar et al. (1997a).
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tration into the meat or spreading and redistribution redistribution of contamination. Selection and estab-
on the carcass; influence of time before decontamina- lishment of resistant organisms in the spraying
tion on bacterial attachment, biofilm formation and cabinets and other parts of the plant should be
potential protection from exposure to the decontami- monitored, however, when such treatments are ap-
nation treatment; hot water or chemical injuries of plied.
bacterial cells; and development of resistances in Time of exposure to contamination before applica-
bacteria exposed to the decontamination treatments. tion of decontamination treatments and extent of
Gorman et al. (1995b) found that spray-washing initial contamination may influence bacterial attach-
removed fecal material and reduced bacterial counts ment and the efficacy of the decontamination process
on beef carcass tissue without spreading the contami- (Cabedo, 1995; Cabedo et al., 1996, 1997). The
nation onto immediately adjacent areas. Bell (1997), number of bacteria removed or inactivated by vari-
however, evaluated carcasses from three beef dres- ous spray-washing treatments decreased (Table 3) as
sing lines exposed to washing at 518 kPa for 5 s and the time lapse increased between exposure of beef
reported that cold tap water carcass washing was carcass tissue to contamination and the application of
ineffective in removing microbial contamination and the decontamination treatments (Cabedo et al.,
tended to cause a redistribution of contamination, 1996). This may be a concern in operations where
resulting in increased counts at forequarter sites. inspection to assure the adherence to the ‘zero
Ellerboek et al. (1993) found that spray-washing tolerance’ trimming requirement may result in a
resulted in bacterial contamination of the dorsal area delay in the application of carcass spray-washing
of sheep, which is less likely to be soiled by treatments. This actuality may have contributed to
slaughter personnel. The latter researchers also re- approval of spot-cleaning/decontamination of car-
ported that spray-washing neither reduced nor in- casses by use of steam/hot water-vacuuming. Appli-
creased bacterial contamination of the ventral area of cation of spray-washing treatments on beef carcasses
sheep, which is most likely soiled by slaughter before evisceration, which is approved and used in
personnel, and expressed concern that the water may certain plants in the United States, may owe its
enhance subsequent bacterial proliferation. This lat- efficacy to the fact that it removes contamination
ter concern needs further exploration. The effective- very quickly after removal of the hide, while bacteri-
ness of spray-washing treatments in removing, rather al and soil attachment is still minimal. Furthermore,
than redistributing contamination, should be influ- Dickson (1995) reported that pre-evisceration wash-
enced by factors such as the type of spraying nozzle ing may alter the surface physical characteristics
used, the number, distribution, position, spraying (e.g., contact angle and surface free energy) of the
angle, water output and operation, the spraying
pressure and time, the size of the carcass and the
overall design of the chamber and spraying system. Table 3

Mean (standard deviation) reductions in generic Escherichia coliAcceptable decontamination treatments (e.g., hot
2counts (log cfu /cm ) caused by various decontamination treat-water, steam, chemical solutions) that may also

ments applied to beef brisket tissue samples inoculated and stored
inactivate rather than only remove/wash contamina- (218C) for 0, 2 and 4 h before decontamination
tion would also need to be applied in equipment

Decontamination treatments Storage time (h) beforemeeting some of these requirements, but their lethal
decontamination

effects would lessen the concerns associated with the
0 2 4potential spreading of bacteria.

aWater (358C) 3.5 (0.6) 2.2 (0.8) 1.2 (0.6)Penetration of bacteria into tissue is a concern and
aWater (748C) 4.2 (0.6) 3.9 (0.8) 2.6 (0.9)may be enhanced by spray-washing, especially at

bAcetic acid (2%) 3.7 (0.7) 2.5 (1.0) 1.0 (2.6)high pressure and on cut tissues (Anderson et al., bTrisodium phosphate (12%) 3.0 (0.4) 1.8 (1.0) 1.3 (0.3)
b1992; DeZuniga et al., 1991). As indicated above, Hydrogen peroxide (5%) 3.6 (0.7) 3.1 (0.9) 0.9 (0.5)

treatments that decontaminate, and not only remove, 2Initial inoculum: 4.6–5.0 log cfu /cm .
but also inactivate bacterial cells (e.g., hot water, a20.7 bar, 12 s.

bsteam, chemicals), may have an advantage in avoid- 1.38 bar, 218C, 12 s.
ing the concerns of penetration and spreading or From Cabedo et al. (1996).
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Table 5carcass tissue, resulting in a reduced ability of
Mean (standard deviation) visual scores for feces and totalmicroorganisms to adhere to the carcass surface. 2coliform counts (log cfu /cm ) on the rump of intentionally soiled

Overall, the efficacy of carcass decontamination beef carcasses following hot water decontamination in a commer-
treatments in commercial settings is variable and will cial plant
depend on many factors and parameters. Gill et al.

Decontamination Visual Coliform
(1996) evaluated beef carcasses in a high speed beef treatments scores counts
plant and found that the average numbers of aerobic a aControl 3.0 (0.5) 1.9 (0.5)
bacteria, coliforms, and E. coli were not reduced by d dTW 0.2 (0.4) 0.3 (0.4)

b ctrimming and that washing reduced the numbers of HWR-1 0.9 (0.5) 0.5 (0.5)
c d,ebacteria only by 50%. Reagan et al. (1996) evaluated THWR-1 0.3 (0.5) 0.3 (0.4)
b bHWR-2 0.7 (0.6) 0.6 (0.6)beef carcasses at the rump in six commercial slaug-
d eTHWR-2 0.1 (0.3) 0.1 (0.1)hterhouses in the United States following application

abcdeMeans in the same column with different superscripts areof various decontamination technologies. Knife-trim-
different (P , 0.05).ming, spray-washing (28–428C, 410–2758 kPa) and
Visual scores: 0–5 (clean–dirty).the combination of knife-trimming and spray-wash-
TW: knife-trimming of the soiled rump area followed by spray-

ing reduced visible fecal contamination from a washing (268C, 276 kPa, 11 s, followed by 268C, 1000 kPa, 12 s);
control score of 3.4 to scores of 0.5, 1.1 and 0.2, HWR-1: No knife trimming, but a 2.5-s hot water (778C) rinsing

(138–152 kPa) between the above two spray-washing cycles,respectively (Table 4). The corresponding mean
THWR-1: HRW-1 preceded by knife-trimming; HWR-2: same asreductions in APC and E. coli counts (ECC) were
HWR-1 but the hot water rinsing cycle was 8 s; THWR-2:1.3, 1.0 and 1.8, and 1.6, 1.0 and 1.6, respectively,
HWR-2 preceded by knife-trimming.

from mean initial APC and ECC of 4.2 and 2.2 log From Graves Delmore et al. (1997a).
2cfu /cm . Results from carcass samples collected in

one commercial beef slaughtering plant by Graves
Delmore et al. (1997a) indicated that knife-trim- in a year, indicated that contamination present on
ming/spray-washing reduced rump visible fecal con- carcasses at the stage of pre-evisceration was drasti-
tamination from a score of 3.0 to a score of 0.2, cally reduced following spray-washing of the carcas-
while mean coliform counts were reduced from an ses before chilling (Kochevar et al., 1997c,d; Sofos,

2initial count of 1.9 log cfu /cm to a mean count of 1997; Sofos et al., 1997a,b). For example, when
20.3 log cfu /cm (Table 5). A large survey of beef results from all plants (seven) and carcass areas

carcasses in seven plants in the United States, twice (brisket, flank, rump) were combined for the ‘wet’

Table 4
Mean (standard deviation) visual scores for cleanliness, aerobic plate counts (APC) and generic Escherichia coli counts (ECC) on the rump
of intentionally soiled beef carcasses following application of various decontamination treatments in two–six commercial plants

2Decontamination Visual Scores Log cfu /cm

treatments Before After APC ECC
a a a aControl 3.5 (0.7) 3.4 (0.7) 4.2 (1.3) 2.2 (1.2)
a d c cT (six plants) 3.5 (0.5) 0.5 (0.9) 2.9 (1.1) 0.6 (0.7)
a b b bW (six plants) 3.4 (0.5) 1.1 (0.8) 3.2 (1.2) 1.2 (1.0)
a e d cTW (six plants) 3.4 (0.5) 0.2 (0.4) 2.4 (1.0) 0.6 (0.6)
a d d cHW (two plants) 3.3 (0.5) 0.5 (0.5) 2.2 (0.7) 0.4 (0.3)
a c b,c bHP (two plants) 3.5 (0.5) 0.9 (0.7) 3.1 (1.1) 1.3 (0.8)
a c,d b,c bOZ (two plants) 3.5 (0.6) 0.7 (0.6) 2.9 (1.0) 1.1 (0.9)

a,b,c,dMeans in the same column with different superscripts are different (P , 0.05).
Visual scores: 0–5 (clean–dirty).
T: Knife-trimming; W: spray-washing (28–428C, 18–39 s, 400–2740 kPa); TW: knife-trimming followed by the spray-washing procedure;
HW: hot water spray-washing ( . 74–87.88C at pipe, 11–18 s, 1310–2413 kPa); HP: hydrogen peroxide spray-washing (5%, 3–13 s, 138

6kPa); OZ: ozonated water spray-washing (0.3–2.3 parts /10 , 3–13 s, 138 kPa).
From Reagan et al. (1996).
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6season (November–January), the proportion of sam- 10 ) for 10 s at 520 kPa was no more effective than
ples passing the performance criteria of the new spraying with water alone for reducing fecal con-
United States meat and poultry inspection regulations tamination. Nevertheless, chlorine dioxide may be
(FSIS, 1996) for generic E. coli contamination (m: useful as a microbial inhibitor in beef carcass spray-

2 chilling applications and in poultry chilling baths, 5 cfu /cm ) was increased from 68.3% at pre-
where it has a longer time for action. Concernsevisceration to 96.2% after final carcass washing.
associated with the use of chlorine in meat de-Even if spray-washing or other types of decon-
contamination are related to potential effects ontamination technologies are effective on carcasses,
corrosion of metals and formation of harmful chemi-the microbial status of the resulting meat will also be
cal reaction products with organic residue materials.affected by subsequent handling, exposure to addi-

Solutions of trisodium phosphate have been ap-tional contamination, and application of further
proved for the treatment of beef and poultry carcas-decontamination or preservation treatments. How-
ses in the United States. Solutions of trisodiumever, it is logical to expect that carcass decontamina-

TMphosphate (as a trademark treatment, AvGARD ,tion, if proper and effective, should reduce the
Rhone-Poulenc) has been reported to reduce Sal-incidence of pathogens of fecal origin that are mostly
monella and other bacteria inoculated on chicken,introduced into the plant, entering with the animals.
beef and pork tissue (Dickson et al., 1994; Giese,This, coupled with proper sanitation and handling of
1993; Gorman et al., 1995a, 1997; Kim and Slavik,the resulting meat, should reduce the levels of
1994; Lillard, 1994b; Morris et al., 1997). Benderpathogens that need to be controlled or inactivated
and Brotsky (1992) reported that a patented processbefore consumption.
involving immersion of poultry in an 8–12% (w/v)
solution of trisodium phosphate reduced the Sal-

4.1. Decontamination of carcasses with solutions monella-positive carcasses from 35 to , 1% after 15
containing nonacid chemicals s. Rodriguez de Ledesma et al. (1996) concluded

that dipping inoculated chicken wings in 10% tri-
In addition to organic acids, which are not the sodium phosphate at 108C for 15 s and/or in hot

subject of this review, various other chemical solu- water (958C) for 5 s reduced the numbers of viable
tions have also been tested and, in some instances, S. typhimurium, L. monocytogenes and Staphylococ-
approved and used in the decontamination of meat cus aureus by 39–93%. Mean counts of E. coli
and poultry. Chlorine is a common sanitizing agent O157:H7 and S. typhimurium inoculated on beef
of equipment, utensils and water supplies, and it is tissue were reduced by 0.9–1.4 and 0.5–0.9 logs,
used in poultry carcass chilling water. Chlorine respectively, when exposed to a 10% solution of

6solutions (approximately 20 parts /10 ) reduced Sal- trisodium phosphate at 108C for 15 s (Kim and
monella contamination on chicken carcasses Slavik, 1994). Dickson et al. (1994) immersed sliced
(Thompson et al., 1976; Lillard, 1980; Bailey et al., beef tissue, which was inoculated with S.
1986; Waldroup, 1993), and beef forequarters typhimurium, L. monocytogenes, and E. coli

6washed with chlorinated water (200 parts /10 ) had O157:H7 in an 8–12% solution of trisodium phos-
reduced contamination at 12.88C and to a greater phate at 25–558C for up to 3 min. Irrespective of
extent at 51.78C (Kotula et al., 1974). Chlorine (800 concentration, trisodium phosphate solutions reduced

6parts /10 ) spray-washing of beef carcass tissue the mean counts of gram-negative pathogens by
reduced mean counts of E. coli O157:H7 by 1.3 log 1.0–1.5, and of L. monocytogenes by , 1.0 log on

2cfu /cm (Cutter and Siragusa, 1995). Chlorine diox- lean tissue. The corresponding reductions on adipose
ide is a water-soluble compound that is considered to tissue were 2.0–2.5 and 1.0–1.5 logs, respectively.
be more effective than chlorine, with no interference Treatment of naturally contaminated, and of inocu-
by pH and, in recent years, chlorine dioxide has been lated pork skin samples, with trisodium phosphate
presented as an alternative to traditional chlorine did not affect aerobic plate counts, but reduced S.
disinfectants. A recent study (Cutter and Dorsa, typhimurium counts (Morris et al., 1997). Sub-
1995), however, reported that spraying beef tissue sequent use of effective trisodium phosphate levels
with solutions containing chlorine dioxide (20 parts / on whole pork carcasses during slaughter did not
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affect APC, while natural Salmonella contamination carcass surfaces, but it did not affect retail case life
was too low for any effects to be evident (Morris et or bacterial growth at retail. A major concern with
al., 1997). Gorman et al. (1995a, 1997) and Cabedo the application of agents such as hydrogen peroxide
et al. (1996) found that spray-washing with tri- and ozone is their potential oxidizing effect on fat
sodium phosphate reduced contamination of beef and muscle pigments.
brisket tissue, and obtained evidence indicating that A variety of other chemical solutions have been
trisodium phosphate may be inhibiting bacterial proposed and tested, with variable rates of success,
attachment, thereby allowing easier bacterial cell for the decontamination of meat or poultry. Such
removal by washing (Cabedo, 1995). A proposed solutions include phosphates, sodium hydroxide,
commercial use of trisodium phosphate solutions in sodium bisulfate, sodium chloride, cetylpiridium
beef slaughter involved installation of a cabinet for chloride, nisin, potassium sorbate, and commercial

TMrecirculation to reduce cost and amounts of residual decontaminating agents such as Carnatrol (com-
trisodium phosphate in the waste water, while in posed of copper sulphate pentahydrate) and

TMpoultry operations, the application is by immersion. Timsen (composed of 40% N-alkyl dimethyl
Other chemical solutions evaluated for meat de- benzylammonium chloride in 60% stabilized urea)

contamination include hydrogen peroxide and ozo- (Cutter and Siragusa, 1994, 1996; Cutter et al., 1996;
nated water, which were found to reduce bacterial Hwang and Beuchat, 1995; Morrison and Fleet,
counts in experimental trials (Fletcher et al., 1993; 1985). Approval, acceptance and the actual use of
Gorman et al., 1995a; Greer and Jones, 1989; Lillard these and any other chemicals as decontamination
and Thompson, 1983; Mulder et al., 1987; Reagan et interventions will depend on several factors, includ-
al., 1996; Sheldon and Brown, 1986). Although ing safety, product quality, efficacy, adaptability,
approved for use in foods, these chemicals have not need for decontamination and cost.
been included in the list of those permitted for use in
the decontamination of carcasses. Hydrogen peroxide 4.2. Decontamination of carcasses with hot water
solution (5%) was found to reduce mean bacterial
counts of beef and lamb carcass tissue by one–two Several studies have evaluated the use of hot water
logs (Cabedo et al., 1996; Gorman et al., 1995a, as a meat decontamination technology. Smith and
1997; Kochevar et al., 1997b; Reagan et al., 1996). Graham (1978) found average reductions of two–
Dickens and Whittemore (1997), however, reported three logs of Salmonella and E. coli inoculated on
that 0.5–1.5% hydrogen peroxide solutions had no the surface of sheep/mutton and beef carcass sam-
effect on the microbiological quality of chicken ples or whole sheep carcasses that were treated by
carcasses, while it resulted in bleaching and bloating immersion in 808C water for 10 s. Evaluating a novel
of the carcass skin. Ozone, a powerful disinfectant, is cabinet for decontamination of beef sides, Smith and
approved as a generally recognized as safe (GRAS) Davey (1990) found that application under low
substance for use in foods in the United States pressure to deluge the beef carcass side with a
(Graham, 1997), and it is used by the food industry continuous wall of hot water (83.58C, 20 s), on
throughout the world. Sheldon and Brown (1986) average, reduced E. coli counts by three logs. Similar
evaluated ozone solutions in a poultry water-recir- reductions (three logs) were reported for Salmonella,
culating chiller and found that it reduced contamina- E. coli, enteropathogenic E. coli, Aeromonas hy-
tion by . 99%. Gorman et al. (1995a); Cabedo et al. drophila, Yersinia enterocolitica, Pseudomonas fragi
(1996) and Reagan et al. (1996) reported that spray and L. monocytogenes inoculated on fresh beef
washing of beef carcasses or tissue with ozonated carcass brisket tissues and treated with 808C water
water reduced mean bacterial counts by one–two for 10 or 20 s (Smith, 1992). Gorman et al. (1995a)
logs. Greer and Jones (1989) found that the applica- and Kochevar et al. (1997b) reported that spraying

6tion of 0.03 parts /10 ozone to beef carcasses during inoculated samples with hot (748C) water in a pilot
four days of aging (95% relative humidity, 1.68C) plant spray-washing unit reduced mean bacterial
increased cooler shrinkage over control carcass sides, counts on beef and lamb carcass tissue by approxi-

2resulted in discoloration and additional weight loss mately two–three log cfu /cm . In addition, these
due to trimming, and prevented bacterial growth on treatments removed fecal material and improved the
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visual appearance of the tissue, as required by the to below on a hanging hog carcass reduced the log
United States ‘zero tolerance’ policy. Similar reduc- mean numbers of bacteria, while nonthermoduric
tions in mean bacterial counts by hot water spraying spoilage bacteria were reduced from about 50% to
of beef have been reported by Dorsa et al. (1996, about 10% of the population. Results indicated that
1997a). In general, exposure of animal tissues to hot the process was consistent in reducing log mean
water has been found to be effective against spoilage bacterial numbers by 2.5 over the whole carcass
as well as pathogenic bacteria, including Salmonella, surface, as compared to those on untreated controls
Y. enterocolitica, E. coli O157:H7 and L. monocyto- (Gill et al., 1995). Subsequent to this study, a fully
genes (Barkate et al., 1993; Davey, 1989, 1990; commercial version of the apparatus was installed
Davey and Smith, 1989; Smith, 1992; Smith and and tested in a pork packing plant (Gill et al., 1997).
Graham, 1978; Thompson et al., 1979). The patented apparatus (Int. Patent application no.

A study under commercial conditions, mentioned PCT CA95/00026) was designed to apply a 15-s
above (Reagan et al., 1996), involved, among other treatment to carcasses at 0.6 m spacings, which were
treatments, hot water spray-washing of beef carcas- processed at a rate of 1200 carcasses per hour. A
ses in two out of six beef slaughtering plants at complete description of the apparatus has been
temperatures of 74–87.88C (at the pipe) for 11–18 s presented by Gill et al. (1997). Routine (three-
and with pressures of 1310–2413 kPa. The results month) evaluation of the apparatus delivering sheets
(Table 4) indicated that this hot water spray-washing of 858C water (15 s /carcass) onto polished, unevisc-
treatment removed physical /visible contaminants erated pig carcasses in the commercial plant at 600–
and reduced mean APC and ECC at the rump site by 800 carcasses per hour indicated reductions in the

22.0 and 1.8 log cfu /cm , respectively (Reagan et al., mean numbers of nonthermotolerant bacteria on
1996). This hot water treatment may have achieved carcasses (including coliforms and E. coli) by ap-
more consistent decontamination compared to other proximately two logs. The water, which was recircu-
treatments (e.g., knife-trimming), as indicated by the lated, carried , 1 bacterium/ml and was generally
smaller standard deviations. A follow-up field study free of fat, but it collected suspended and settling
by our group (Graves Delmore et al., 1997a) evalu- solids. The apparatus was presented as a commer-
ated decontamination by hot water rinsing in one of cially acceptable means of ‘pasteurizing’ polished
the above beef slaughtering plants. Treatments in- pig carcasses (Gill et al., 1997).
cluded no knife-trimming/no washing; knife-trim- A hot water decontamination system developed in
ming followed by spray-washing (268C, 276 kPa Australia was approved by the FSIS for routine use
followed by 1000 kPa); and hot-water rinsing in beef slaughter in the summer of 1997 (Ian
( . 778C, 138–152 kPa, for 2.5 or 8 s) following Eustace, personal communication; Australian Meat
either knife-trimming or no knife-trimming of the Technology, Brisbane, Queensland, Australia). The
contaminated rump site, and spray-washing (Table Australian hot water decontamination system con-
5). In addition to removal of visible soil, hot water sists of an enclosed stainless steel decontamination

2rinsing reduced mean TCC by 1.3–1.8 log cfu /cm cabinet (3.5 m in length) for beef sides, and a water
(Graves Delmore et al., 1997a). Cabedo et al. (1996) handling and treatment system for recirculation.
found (Table 3) that, even after exposure to contami- During operation, inspected beef sides are conveyed
nation for 2 or 4 h, hot water (748C) spray-washing at controlled speed through the cabinet, in which a
was more effective in reducing contamination of beef series of curved flumes direct hot water onto the
tissue than was spray-washing with warm water external carcass surfaces, while appropriately placed
(358C), or with solutions of trisodium phosphate jets direct water onto the abdominal and thoracic
(12%), hydrogen peroxide (5%) or acetic acid (2%). cavity and neck areas to ensure complete coverage

Hot water decontamination has also been evalu- with hot water. The water is recirculated in a closed
ated in commercial operations as nonspraying/ rins- loop manner and delivered to the cabinet through a
ing exposure of whole carcasses or sides (half heat exchanger (808C). From the cabinet, the water
carcasses). Passage of polished, uneviscerated hog is collected in a holding tank for screening to remove
carcasses through a prototype cabinet that delivered solids. Potable make-up water is added, automatical-
sheets of recycled hot water (858C, 20 s) from above ly, to the recirculated water to maintain its quality.
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The beef sides undergo a final rinse before they exit while flooding and delaying with hot water should
the cabinet. In January of 1997, FSIS approved a achieve high temperatures on and throughout irregu-
protocol for a sustainability trial of the system in an larly shaped carcasses or cuts. In addition to the
export-registered and FSIS-approved beef processing recirculating hot water cabinets developed in Aus-
plant in Queensland, Australia. Treatment involved tralia and Canada, at least one manufacturer of
beef sides inoculated on the brisket and flank areas equipment has developed a recirculating hot water
with a cell suspension of an approved Klebsiella rinsing cabinet in the United States for treatment of
oxytoca strain (NRRL B-199); after 20 min of carcasses, and certain operations have experimented
holding, the inoculated beef sides were processed or are employing the system. Reconditioning and
through the cabinet. Microbiological analysis (3M reuse of water in all types or decontamination

TMPetrifilm E. coli plates) of swabs taken from the applications is a topic of great interest (Miller et al.,
inoculated carcass areas indicated that, in the brisket, 1994). Settling, filtering and decontamination (e.g.,

2the counts (log cfu /25 cm ) were 3.2–5.8 before hot chlorine, heat) systems are being developed as
water treatment, , 0.7–3.5 after hot water treatment, adjuncts to carcass decontamination technologies.
and , 0.7–2.2 after overnight chilling of the treated
sides. The corresponding counts for the flank carcass
area were 3.1–5.3, , 0.7–2.2 and , 0.7 log cfu /25 5. Decontamination of carcasses with

2cm , respectively. Thus, this Australian hot water pressurized steam
decontamination system reduced bacterial counts by

22.4–5.1 log cfu /25 cm , depending on the initial A study by Davidson et al. (1985) evaluated
inoculum. No viable organisms were detected on exposure of whole and cut-up chicken meat to steam
carcass areas below the inoculated test sides (Ian for 20 s in a chamber at 180–2008C and found
Eustace, Australian Meat Technology; personal com- reductions in log mean APC by one–three logs and
munication). in Salmonella contamination by 50%. The incidence

In summary, both laboratory scale as well as of Salmonella in chicken legs was decreased from
commercial plant evaluation studies have found hot 26%, present in the untreated control legs, to 6% in
water application to be an effective method (reduc- the treated chicken legs, but no marked decreases
tions of mean log bacterial counts by one–three) of were found on whole carcasses (15 to 20%) or
carcass decontamination. The FSIS has approved chicken wings (40 to 30%). Another process using
carcass exposure to hot water as a decontamination steam has been presented as an ultra-high tempera-
treatment in the United States. Effective tempera- ture, ultra-short time surface pasteurization treatment
tures exceed 748C and become more effective as they (Morgan et al., 1996a,b). The process was found to
approach 80–858C (Davey, 1989; Davey and Smith, reduce, by four logs, inoculated (seven logs) Listeria
1989). The routine use of hot water in commercial innocua on beef, pork and chicken samples, by
applications will depend on its availability, the need following these steps: removal of air; flushing the
for decontamination by individual plants, and its meat clear of absorbed gas with low temperature
effect on product decontamination as well as product steam; heating the meat with pure, saturated steam
quality /appearance in specific operations. (1458C, 25 ms); and cooling the meat by evaporation

As indicated, the application of hot water for meat (Morgan et al., 1996a).
decontamination may involve immersion or dipping A patented process of applying pressurized steam
of the product, cascading of sheets of hot water, to carcasses was developed by Frigoscandia and
rinsing at low pressures, or spraying at higher Cargill, Inc. (The Frigoscandia Steam Pasteurization

TMpressures. Each of these approaches has advantages System ), and it was approved for commercial
and disadvantages. Immersion may be more applic- application by FSIS in the United States (FSIS,
able to smaller animals (e.g., poultry) or meat cuts; 1995). The system consists of an entrance section
spraying at high pressures may not achieve the where air is blown over the sides of beef to dry
desired high temperatures and may generate conden- surface moisture remaining from carcass washing;
sate, but it may also accomplish removal of visible this is followed by the pasteurization chamber, which
soil; low pressures yield higher tissue temperatures, is sealed and filled with steam under pressure



182 J.N. Sofos, G.C. Smith / International Journal of Food Microbiology 44 (1998) 171 –188

(1058C); and an exiting section where the beef sides nologies. The process of ‘steam pasteurization’ is
are sprayed with cold water. Exposure to steam lasts being evaluated and systems are also being de-
for 6.5–8.0 s (up to 15 s in certain cases). veloped for the treatment of meat cuts, trimmings

The Frigoscandia process was evaluated by and poultry. Success of the latter applications will
Phebus et al. (1997) using cutaneus truncii muscles depend on the time of exposure and steam penetra-
from freshly slaughtered steers inoculated with feces tion, which also should affect the appearance of
containing L. monocytogenes Scott A, E. coli meat. Reported advantages of exposure to pres-

2O157:H7 and S. typhimurium at 5 log cfu /cm . surized steam, as a decontamination technology, over
Treatments evaluated individually and in combina- spray-washing applications, include reduced water

TMtions for 15 s, included Steam Pasteurization (S), and energy usage, but, ‘steam pasteurization’ is
knife-trimming (T), water (358C)-washing (W), hot applied after washing and on carcasses that should
water / steam vacuum-spot-cleaning/decontamination meet the ‘zero tolerance’ requirements of FSIS.
(V), and spraying (548C, pH 2.25) with 2% lactic ‘Steam pasteurization’, however, can be an extra
acid (L). TW, TWS, WS, VW, VWS, TWLS and meat decontamination technology that further re-
VWLS reduced mean bacterial counts by 3.5–5.3 log duces carcass contamination before chilling.

2cfu /cm . TW, TWS, WS, TWLS and VWLS were
equally effective and resulted in reductions of 4.2–

25.3 log cfu /cm . T, V and S, used individually, 6. Other decontamination technologies
reduced mean bacterial counts by 2.5–3.7 log cfu /

2cm . A study by Nutsch et al. (1997) tested 140 The use of ionizing radiation treatments has been
randomly chosen freshly slaughtered beef sides over approved for decontamination of fresh poultry car-
ten days by treatment with steam for 8 s. Sides were casses in the United States and a petition for its
sampled before and after treatment and after 24 h of approval to decontaminate beef, pork, sheep and
chilling, and tested for aerobic plate counts, horsemeat is under consideration, but its commercial
coliforms, E. coli and enterobacteriaceae. Mean APC use in poultry is limited at the present time (CAST,

2of 2.2 log cfu /cm before treatment were reduced to 1996; Mulder et al., 1977; Thayer et al., 1996). Other
20.8 and 0.9 log CFU/cm after Steam proposed, but not approved or used, decontamination

TMPasteurization and 24 h of chilling, respectively. treatments include high hydrostatic pressure, pulsed
TMBefore Steam Pasteurization , 16.4% of the sam- electric current, pulsed light, sonication and micro-

ples were positive for generic E. coli (0.6–1.5 log waves (Bawcom et al., 1995; Bolder, 1997; Dunn et
2cfu /cm ), 37.9% for coliforms (0.6–2.3 log cfu / al., 1995; Hoover, 1993, 1997; Lillard, 1994a).

2cm ), and 46.4% for enterobacteriaceae (0.6–2.3 log
2cfu /cm ). After exposure to steam, the results were

0% positive for E. coli, 1.4% for coliforms (0.6–1.5 7. Multiple hurdle decontamination approach
2log cfu /cm ), and 29% for enterobacteriacae (0.6–

22.0 by cfu /cm ). Data of Gill and Bryant, (un- It stands to reason that if application of a single
published) indicated that pressurized steam process decontamination treatment achieves a certain reduc-
reduced the mean numbers of total aerobic bacteria tion in contamination, then the use of two, three or
on beef carcasses by approximately one log, and the four technologies, in a sequence, may yield synergis-
mean numbers of coliforms and E. coli by . 2 logs. tic or additive decontaminating effects. Sequential

As indicated, the Frigoscandia process was ap- use of decontamination technologies might be termed
proved by FSIS in the United States and these high as a ‘multiple hurdle’ (Leistner, 1995) decontamina-
cost units have reportedly been installed and used in tion approach. The extent of decontamination
several commercial plants. The impact exposure to achieved by any decontamination technologies, used
pressurized steam on the safety of the meat supply singly or in sequence, depends, among other factors,
will depend on the extent of continuous equipment on the extent of initial contamination present. The
use, proper operation and the potential re-contamina- higher the initial contamination, the greater the
tion of meat during subsequent stages of handling; decontaminating effect of single or multiple hurdle
conditions that apply to all decontamination tech- decontamination technologies (Dorsa et al., 1996,
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1997a; Graves Delmore et al., 1997c). Several of the Potentially undesirable effects of decontamination
studies presented in other paragraphs of this review treatments may be associated with color /appearance
have demonstrated synergistic or additive effects of and flavor /odor changes. Treatment of beef and
various factors associated with the application of mutton tissue samples with water of 808C for 10 s
decontamination technologies, provided that the ini- decreased counts of inoculated E. coli and Salmonel-
tial level of contamination was high enough for these la by 99–99.9% and caused no permanent surface
effects to be measurable. Hot water rinsing (748C, 15 tissue discoloration (Smith and Graham, 1978).
s) in combination with steam/hot water vacuuming Similarly, Smith and Davey (1990) reported that the
resulted in consistently greater reduction in bacterial use of a novel hot water cabinet to apply water of
numbers on beef shortplates than individual treat- 83.58C for 20 s over the entire surface of a side of
ments (Dorsa et al., 1997a). Increased temperatures beef reduced log mean E. coli counts by three, and
also enhanced the decontaminating effect of acid caused a cooked/bleached appearance, but the sides
solutions (Cutter et al., 1997; Dickson and Anderson, regained normal color appearance during chilling. In
1991). Graves Delmore et al. (1997c) used a series general, the appearance of carcass surface tissue
of technologies or interventions to decontaminate immediately after exposure to treatments of 808C or
inoculated beef adipose tissue samples and reported above is bleached, gray or ‘cooked’ to an approxi-
that reductions in mean generic E. coli counts of up mate depth of 0.5 mm (Smith, 1992), but initial

2to 4.3 log cfu /cm were achieved by the use of surface discolorations, caused by treatments based on
pre-evisceration washing followed by acetic acid high temperature, are usually unnoticed after a few
solution rinsing followed by warm-water washing hours of chilling. The less severe the treatment (i.e.,
and terminating in final carcass washing with an temperature–time), the less severe or permanent is
acetic acid solution rinse. The multiple hurdle de- the discoloration. Exposure to temperatures above
contamination approach may prove useful in opera- 858C for more than 20 s results in permanent damage
tions that fail to meet the performance criteria set in of surface bloom (Davey and Smith, 1989). Un-
the United States meat and poultry inspection regula- published data by Gill and Baldoni (Agriculture and
tions (FSIS, 1996), or when their customers demand Agri-Food Canada Research Centre, Lacombe, Al-
the application of such technologies. berta, Canada) evaluated the appearance of post- and

pre-rigor pork and beef following immersion in
water of 75 or 858C for 5–20 s. It was concluded in

8. Effect of decontamination on meat quality, the latter study that hot water decontamination
shelf-life and safety treatments cannot be applied to meat without some

adverse effects on the appearance of cut-muscle
The influence of decontamination technologies on surfaces, which persisted in pork treated pre- or

safety and quality can be a concern that may limit post-rigor and in beef treated post-rigor, but which
their commercial application. Acceptable decontami- were partially resolved during storage of beef treated
nation treatments should not have adverse toxicologi- pre-rigor.
cal, or other health, effects on workers during their Another important consideration is whether or not
application or on consumers during product use. carcass decontamination treatments have any lasting
Decontamination technologies based on heat energy effect on the microbiological quality of the resulting
are not associated with potential health concerns or meat. This is difficult to evaluate since contamina-
with product safety, provided that the water is of tion and conditions during subsequent handling and
acceptable quality and meets drinking standards. The distribution are also influential and variable among
use of chemical solutions, however, depends on their operations. Dorsa et al. (1997b) reported that spot-
toxicological properties, as well as on their effects on cleaning/decontamination of carcasses with hot
product quality and acceptability, and on the po- water / steam-vacuuming and spraying with 748C
tential for environmental pollution problems associ- water reduced certain bacterial counts by 2.7 log

2ated with their use. The application of any de- cfu /cm ; but, by 14 days of storage, counts had
2contamination technology should follow worker safe- increased to at least 7 log cfu /cm . Gorman et al.

ty guidelines. (1997) stored beef tissue samples for 29 days at 48C
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following spray-washing decontamination with vari- ing public with a microbiologically cleaner and safer
ous treatments and found that 748C water or a 2% product. Decontamination technologies considered in
acetic acid solution were the most effective for this review include animal cleaning and chemical
reducing microbial growth during subsequent stor- dehairing; spot-cleaning/decontamination of carcas-
age, followed by a solution of 12% trisodium ses by knife-trimming or with steam/hot water and
phosphate, which also reduced the development of vacuum (steam-vacuuming); carcass washing/spray-
lipid oxidation. It should be noted, however, that ing / rinsing with water of low or high temperatures /
these samples were not handled after spray-washing, pressures, or with chemical solutions such as chlor-
so, the study may not have simulated real-world ine, trisodium phosphate and organic acids (not
handling and distribution circumstances. Dorsa et al. discussed here); and the application of pressurized
(1997b) reported that trisodium phosphate (12%) steam following carcass washing. Selection of de-
solution treatments of beef carcass tissue were not contamination technologies by individual companies
different from those with acids in controlling the may depend on the cost, the need for decontamina-
growth of E. coli O157:H7 and Clostridium tion, the facilities available, the availability of other
sporogenes, but were less effective on aerobic plate resources (e.g., hot water, steam, plant design) and
counts, L. innocua and lactic acid bacteria, on product destination.
products stored at 58C for 21 days. Additional Live animal washing and removal of hair and fecal
studies are needed to evaluate the effect of the newer tags may help in reducing sources of carcass con-
carcass decontamination technologies on subsequent tamination during subsequent slaughter, but their
product quality, as well as to evaluate the effects on effectiveness and application are limited or depend
quality engendered by the application of decontami- on the type of animal, climatic conditions and the
nation technologies to meat cuts. Exposure to addi- availability of facilities. Nevertheless, washing of
tional contamination during carcass cutting probably animals prior to slaughter has not been researched
negates the benefits of carcass decontamination sufficiently to allow conclusions to be drawn regard-
treatments in terms of contamination with spoilage ing efficacy, but presenting clean animals at slaugh-
microorganisms. Chemical decontamination treat- ter is advantageous.
ments (e.g., organic acids) may have a residual A patented chemical dehairing process for cattle
antimicrobial effect during subsequent product stor- before hide removal was found to reduce visible
age. A benefit of all carcass decontamination treat- contamination and the need for carcass knife-trim-
ments could be that, if effective, they should reduce ming, and the results were promising enough to
the incidence of fecal pathogens on the carcass. If no encourage scaling-up to production levels. The an-
fecal contamination is present during subsequent ticipated contribution of the process to reduced
cutting of the carcass, then the meat should have a carcass contamination could depend on the design of
lower incidence of pathogens of fecal origin. facilities and the use of good manufacturing prac-

tices; and chemical dehairing could be useful in
keeping hide /hair contamination out of the plant

9. Summary environment. Provided that technological approaches
are found to address concerns associated with the

Increased consumer awareness and concern about generation of chemical residues and related pollution
microbial foodborne illness has led to the establish- problems, chemical dehairing could be implemented
ment of new meat and poultry inspection regulations in the United States.
in the United States. These regulations require Spot-cleaning/decontamination of carcasses with
operation under HACCP protocols / systems and test- relatively economical, hand-held apparatuses apply-
ing of meat to determine whether established mi- ing steam/hot water and vacuum was approved in
crobiological criteria are met. These developments the United States, and has become very popular in
have led to intensified research, development and beef slaughter operations, as a substitute or adjunct
application of meat decontamination technologies to knife-trimming for removal of visible physical
with the objective of helping the industry to meet the contaminants ( , 2.5 cm in diameter spots). The
regulatory requirements, and to provide the consum- contribution of this process to the decontamination of
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the carcass portions treated has been found to be as employing agents that inactivate bacteria (e.g., hot
high as that achieved using the alternative knife- water and steam) can reduce contamination with no
trimming process, provided that the equipment is concern of redistribution or spreading. Development
operating properly and its application is correct. and selection, over time, of resistant microorganisms,

Some specific spray-washing / rinsing processes however, may be a concern for long-term im-
have been approved and virtually every plant in the plementation of any decontamination technology.
United States has used some type of carcass washing Hot water cabinets for the application of sheets or
system for removal of visible soil before carcass rinses of recirculated / recycled hot water have been
chilling. The contribution of spray-washing/ rinsing developed in Australia, Canada and the United
to decontamination of carcasses depends on factors States, where hot ( . 748C) water was approved for
such as pressure, temperature, chemicals added to the use as a decontamination technology, and was shown
water, design and operating conditions of the appli- to achieve reductions in mean spoilage and patho-
cation unit, and the duration of application; the last genic bacterial counts in the range of 1–3 log cfu /

2of which is determined by slaughter speed and the cm . The use of hot water for carcass-spraying /
length of the application chamber. Carcass washing / washing/ rinsing may increase as the equipment for
rinsing may be applied before carcass evisceration to its application becomes more readily available and
prevent soil and bacterial attachment, and/or as the provided that processors are in need of a decontami-
final step in the process, before chilling. The extent nation treatment to meet regulatory requirements or
of decontamination (reduction in mean bacterial consumer demands, and, perhaps, if processors have
counts or in the number of pathogen-positive carcass hot water available in their plants as a byproduct of
samples) achieved by various spray-washing/ rinsing operations such as rendering.

TMtreatments differs with changes in the above-men- A patented Steam Pasteurization process was
tioned factors and with the level of initial contamina- approved in the United States and a few of these
tion. Reduction in mean counts was usually in the costly application units were installed and used in

2range of , 1 to 2–3 log cfu /cm . A large survey of beef slaughtering plants. This process of exposure to
carcasses in seven United States beef slaughtering pressurized steam for 6–8 s is applied after carcass
plants, twice in a year, revealed that carcass contami- washing and is followed by exposure to cold water
nation present at pre-evisceration was drastically before entrance of the carcass sides into the chilling
reduced by the use of certain spray-washing treat- room. The process is considered as an extra meat
ments applied before chilling of the carcasses. decontamination hurdle technology, and was found

Approved chemicals, other than organic acids, for to reduce mean counts of natural contamination on
2use in solutions for meat and poultry decontamina- beef carcass sides by . 1 log cfu /cm . Expansion of

tion include chlorine and trisodium phosphate, while its use may depend on factors such as costs for
numerous other chemicals, including hydrogen installation and operation, as well as on the need to
peroxide and ozone, have been evaluated for de- comply with regulatory requirements for carcass
contamination purposes, with variable results. Chlor- contamination, and with consumer /customer de-
ine solutions are commonly used in poultry process- mands.
ing, while the approved process of decontaminating Processors may employ more than one decontami-
poultry with solutions of 8–12% trisodium phosphate nation technology, in sequence, and such tech-
has also found application. nologies may include knife-trimming, steam-vac-

Concerns associated with carcass washing may uuming, pre-evisceration washing/ rinsing, final car-
include potential spreading or redistribution of con- cass washing/ rinsing with water or chemical solu-
tamination on the carcass, penetration of bacteria tions of various temperatures, pressures and duration,
into the tissue, bacterial cell injury, and the develop- and ‘steam pasteurization’. This multiple hurdle
ment of bacterial resistance to the decontaminating approach to decontamination could result in micro-
agent. These issues can be addressed by properly biologically cleaner carcasses, and, provided that the
selecting, adjusting, changing and controlling the contamination present is at levels that need to be
factors mentioned above as influencing the efficacy reduced, it may assist plants in meeting the new
of spray-washing/ rinsing technologies. Treatments regulatory requirements. The extent of carcass con-
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