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Abstract , . tue
Live animals and the environment serve as sources of pathogenic microorganisms, which contaminate carcasses during 

slaughtering process and meat products during processing, storage and handling. A variety of processes have been developed wit 
objective of reducing contamination on carcasses and subsequent meat products. These decontamination processes include am 
cleaning, chemical dehairing at slaughter, spot-cleaning of carcasses before evisceration by knife-trimming or steam and vacuu . 
spraying, rinsing, or deluging of carcasses before evisceration and/or before chilling with water or chemical solutions (e.g., orga 
acids trisodium phosphate, etc.) or steam. The processes are applied at various concentrations or intensities, pressures (2-20 ’
temperatures (15-80 °C) and for different lengths of time (5-20 sec), individually or in sequential combinations. Decontaminati 
interventions are used extensively in the United States and they are integrated into food safety management systems, such as hazar 
analysis critical control point (HACCP), which is required by regulation. Application of decontamination processes assists in meeti & 
regulatory microbiological performance criteria and should contribute in enhancement of product safety, provided that chilling 
cutting, processing, storage, distribution and preparation for consumption are also performed properly and under hygienic condition •

Introduction , .fn0t
Animal products, including carcasses and fresh meat, are easily contaminated with microorganisms and support their growth «  » 
properly handled, processed and preserved. Extensive contamination, or abusive conditions of handling and storage that all 
microbial proliferation, increase the potential for presence of pathogenic bacteria and formation of toxins, and may lead to pro 
spoilage and public health problems (Sofos, 1994; Sofos et al., 1999d). A variety of sources, including air, water, soil, feces, ’ 
hides, intestines, lymph nodes, processing equipment, utensils and humans, contribute to the microbial contamination of the ste 
muscles of healthy animals during slaughter, fabrication, and further processing and handling (Bell, 1997; Gill, 1998; Sofos, 1 
The types and extent of contamination depend on sanitation procedures, hygienic practices, product handling and processuj 
application of decontamination interventions, and conditions of storage and distribution. Contamination with spot 
microorganisms may lead to product and economic losses, while presence of pathogens or their toxins may be the cause of foo 0
disease that may lead to loss of human life (Sofos, 1994). ,  , Ti. terit>
Highly publicized outbreaks of foodbome disease caused by pathogens, such as Escherichia coh 0157:H7 and Lis 

monocytogenes, have increased consumer concerns and interest in food safety (Sofos and Smith, 1993). In response, régulât 
authorities, academic research institutions and the industry have undertaken efforts to apply interventions and food flf 
management systems to improve the microbiological quality of meat. Specifically, the Food Safety and Inspection Service (F S W j 
the United States Department of Agriculture (USDA) has implemented regulatory requirements such as kmfe-tnmming for rem 
of all visible physical contaminants from beef carcasses prior to washing and chilling; the establishment of sanitation s a ^  
operating procedures; operation under the hazard analysis critical control point (HACCP) system; and, establishmen ^  
microbiological performance criteria and standards for Escherichia coli biotype I and Salmonella as a means for venfica 
HACCP (FSIS 1996; Sofos, 1993). In turn, the industry is implementing decontamination interventions to meet these reg 
requirements and to improve the microbiological condition of meat (Dickson and Anderson, 1992; Dorsa, 1997; Sotos i , 
1998a,b; Sofos and Smith, 1998a,b, 1999; Sofos et al„ 1999a,b,c). In this paper we discuss sources and extent of m icrobiology 
contamination of fresh meat, and the importance of animal cleanliness, sanitation, hygienic practices and carcass decontam 
processes in reducing presence of pathogens in fresh meat.

Sources and Extent of Contamination , , ■
Animal contamination: Live animals are often highly contaminated, or are asymptomatic earners of pathogenic bacteria (be 
Cray et al., 1998; Hancock et al., 1997; Letellier et al., 1999; Skerve et al., 1998), and can serve as sources. o f subsequent 
contamination. Animal cleanliness is influenced by climate, geographic location, method of transportation and holding con be 
For example, animals raised on pastures may carry more bacteria of soil origin, while microorganisms of intestinal ong'n m v 
more common on carcasses from animals finished in feedlots (Sofos, 1994; Sofos et al„ 1999d). Every feasible effort should be m 
to prevent accumulation of excess mud and dung on the animals, because it may introduce bacterial pathogens into the P 3, 
environment. In our studies (Sofos et al„ 1999a), we have found that, on the average, feces of steers and heifers were more oft ^  
14 2%) contaminated with Salmonella than those of older cows and bulls (4.4-10.0%). In contrast, external dry soil (dunglocks ^  
more often positive for Salmonella in cows and bulls (7.8-12.2%) than in younger steers and heifers (0.8-725/«). Furthermore ^
determined that the larger the amount of mud on the hide of steers and heifers, the higher the incidence o f Salmonella ( l .O Av  #
for mud score of 0; 4.0% for mud score of 1; 8.5% for mud score of 2; and, 11.1% for mud score of 3). Cows and bull & ^  
average Salmonella incidence on the hide of 7.4-13.3%, irrespective of mud score (Sofos et al., 1999a). In another study (Kai ^  
1997), we found that in cull dairy cows, incidence of Salmonella in fresh and dry external feces was 0 and 13.8 /o respectively, 
no E. coli 0157:H7 was detected in the feces. Incidence of E. coli 0157.H7, is usually <5% in feces of cattle (So os e a .,
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P reli C’ r  ' l 3 nC t0 determine risk factors in order ‘o develop management practices that will help in the control of the 
PraoH 6 °  pathu° genS ln].ajnima1« and their products. Factors to be considered include animal fasting, feeding and stressing
clean ing t ^  conflnement and transportation, amount of roughage and other dietary components, animal
and MrF ’ " " 8; Df rgatf  et 3 •’ 1997; Dlez-Gonzalez et a l, 1998; Hadley et al., 1997; Heiriot et al., 1998; Jordan™ McEwen, 1998; van Donkersgoed et al., 1997).

suria T 31'0" 1 8enera1’ thC mUSClCS ° f  Hve healthy animals are sterile’ whiIe ^ P h  nodes, some organs, and, especially
contarrT T * ? ? ?  SUCh 38 eXtemal hlde’ pelt’ or fleece’ the mouth and *»> gastrointestinal tract cany extensive
slau»Mlnatl° n f 1 ’ " 8’ S° f0S’ 1994’ S° f0S 6t aL’ 1999d)- These are maJ°r sources of plant, carcass and meat contamination during 
19 gmenng and processing. Recent studies have examined contamination of carcasses with various microorganisms ((Sofos et al.
deor, * ■ 3nd thC data are USeftl1 m establ,shing baseline levels and contamination sources in order to determine future progress as
co ° matl0n pr0grams. are implemented. The results o f our studies from seven plants demonstrated that beef carcass
anatn"1’113!11011 m3y V3?  W' th season’ Plant desl8n and operation, geographic area, location within the plant, and, to some extent 
0 27 ,Car,Cass Slte (Sofos et aL> 1999a,b,c). Overall, levels of carcass contamination after 24 hours of carcass chilling were 2.55’ 
of o n » . 0, 12 '®g “ iony forming units (CFU)/cm2 for aerobic plate counts, total coliform counts and Escherichia coli counts In one 
b ur studies (Sofos et al., 1999e) we recovered 0.7% and 1.7% Salmonella positive samples by carcass swabbing with sponges or 
the r TC'*lnig’ respertlvely- Incidence of£ . coli 0157:H7 is reported as 0.2% and 0.1% for carcasses and ground beef, respectively in 
incide 0 ,S° f0S 6t aL’ 1998)' Anecdotal rePorts of incidences as high as 10% in raw beef also exist. Average Salmonella
We h"06 0t 0'3"1' 0/o 3nd 11 ' 2-6°/o on steer/heifer and cow/bull carcasses was determined in our studies (Sofos et al 1999c)
Were i VC alS°  determined baseline contamination levels of pork carcasses in 12 plants (Zerby et al., 1998a). Mean’bacterial counts 
P la n t^ w  ,fronl Plants that slaughtered market hogs compared to sows, and were similar in the summer season between
care* lat 8Ca ded and sklnned; m the wmter season’ counts were Iower for plants that scalded compared to those that skinned the 
Proton'?' u T  mjCldence of Salmonella was 3.2% and 5.5% for a two (belly, jowl) and a three site (belly, jowl and ham) sampling 
spo ?  ’ Whl C lncidence of Campylobacter jejuni/coli, Yersinia enterocolitica, Yersinia spp., Listeria monocytogenes and Listeria 
¡ P' (three carcass sites) was 8.5%, 0.9%, 14.5%, 3.1% and 12.1%, respectively (Zerby et al., 1998a).
mud1 StUdy that attempted t0 correlate live cattle characteristics with carcass contamination we found that factors such as extent of 
b ac tp??enCe 0n/ nimal hide’ manure wetness’ ambulatory score and body condition of live animals had no major influence on 
scor! 3 C<T tS ° rreSUltlng carcasses (Kain et al., 1997). Another study (van Donkersgoed et al., 1997) also found that neither lot tag 
Path« n° r P 0t t3g SC° re W3S associated with carcass bacterial counts. Thus, it appears that, although animals are a source of 
Plant?6" “ ntam,natlon for meat’ slaughter operations play a major role in controlling the extent of such contamination. Individual 

need to determine procedures that will assist in consistently processing carcasses and meat of low microbial contamination.

anim!i ^  am,',at,0n: Vanety meats (edlble offal) may carry a higher level of microbiological contamination than other meat
co u tJ  SSUCS' eir er by natUre and °ngln’ or due t0 poor hygien>c and chilling conditions (Gill, 1998). We have found that bacterial 
ineffi?" m° S‘ ° V  types of beef vanety meats examined from six plants increased between packaging and chilling, indicating the 
chin: 6nCy °, * 6 Chl mg Process (Delmore, 1998). Average total coliform counts for various offal products before and after 
°% fof ? ere, ? ? ?  ? d ? ° '3'9 l0g CFU/g’ resPective>y- Pathogen incidence in the 830 samples, examined only after chilling, was 
C o b  1  Co/\ ° 157:H7’ 0 8% for SabmmeOa “ d « %  for £  monocytogenes. Pork variety meats (11 types) were examined for 
folifon? 8 contamination in 10 plants (Zerby et al., 1998b). In contrast with beef edible offal, aerobic plate counts total 
1.7-4 m  CT ? an<! ?  C° h C° UntS dldn0t lncrease during chilling of pork variety meats. Average coliform counts were 2.0-4.6 and 
Was ov °v CFU/g ,ef0re 3nd after Ch' lllng’ resPectively- Incidence of pathogens in the 405 samples of pork edible offal analyzed 
°fRor,H ' entf ' ocolltlca' 1% C. jejuni/coli, 15% Salmonella and 16% L. monocytogenes. During these studies, we developed a set 

manufacturing recommendations that will be beneficial in improving the microbiological quality of the products.
J)
J e s s e s  To Reduce Contamination

Cl,!aning: ° ne’ Seemingly obvious> approach that may contribute to the reduction of external animal contamination, and 
of Sheq “ my, carcass contamination is to clean or wash the hide of the animals before slaughter and dressing. Pre-slaughter washing 
has bp P h3S ? uen practlced in New Zealand (Biss and Hathaway, 1996), while, partial or complete, washing of cattle before slaughter 
(hy n Used by some plants ln the Unlted States. Individual operations have evaluated, or applied interventions, such as removal 
iiistan mg or sheanng) of hair and fecal tags from the exterior of the animals or washing of animals before slaughter but in many 
i n C r  the results are generally less than promising (Gill, 1998). In general, animal washing before slaughter has variable 
avail;ihC|? ° n ^arca*s .contammation. Furthermore, application of the procedure may be limited by climate, type of animal, and 
^pDir,1 ' V '  faci ltIes (Sofos and Smith, 1998a). United States regulatory guidelines require cattle to be dry, or at least not 
flowe"8’ Wben they 3re sIaugbtered (Reed, 1996), which can be a constraint when animal washing is considered before slaughter 
% taJ r’ Whe" animaIs are wet or excessively soiled, slaughter speeds should be reduced to minimize accidental transfer of 
'nVolvpHnatlu ? fr° m thC eXtenor of the animals °nto the carcass or the plant environment. In addition, modifications in the steps 
SUrface re™°Va1, or m e(lulPment used for hide removal, may help in minimizing transfer of contamination onto the carcass
b*8hlv ^  • Ct 3 ’ I997 '̂ ° ne aPPr°ach that may help in the reduction of carcass contamination with pathogens may be to process
i'nPractCOnitaminated ° r mfeCted anlmals separately from cleaner or pathogen-free herds (Gill, 1998). This approach, however, may be 
PathoBp Ca lnSOme systems of animal production, marketing, distribution, and slaughtering, or for control of more than one type of 
C°nIam niC miCr°0r8aniSmS ° n thC S3me animals' Nevertheless, highly soiled animals are an important potential source of plant 

'nation, and presentation of clean animals for slaughter is desirable because it reduces the likelihood of pathogen presence and
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transfer onto carcasses (Bolton et al., 1998). However, poor sanitation, hygiene and manufacturing practices during slaughtering, 
fabrication and processing can lead to excessively contaminated meat, even when less heavily soiled animals are processed.

Chemical dehairing: A patented process (Bowling and Clayton, 1992), for chemical dehairing of cattle early during slaughter, has 
been proposed for use, with the objective of removing hair, mud, manure and other external contaminants before hide removal, an , 
thus, to minimize carcass and plant contamination from these sources (Sofos and Smith, 1998a). The process was appbe 
experimentally at the post-exsanguination stage in a commercial beef slaughtering operation and the resulting carcasses were 
compared with those from conventionally (not dehaired) processed animals (Schnell et al., 1995). It was found that dehairing reduce 
visible contaminants on the carcasses and the amount of knife-trimming needed to meet regulatory inspection requirements. 
Application of the dehairing process to hide samples in laboratory experiments (Castillo et al., 1998a; Graves Delmore et al., 199? ) 
caused significant reductions in inoculated E. coli 0157:H7, Salmonella spp. and L. monocytogenes. In addition to inactivation, 
however, the dehairing process also resulted in injured bacterial cells (Graves Delmore et al., 1997b), which may be of concern 
during subsequent product storage, if they repair their injury. Overall, it can be postulated that the bacterial status of dehaire 
carcasses could be improved in facilities designed for the exclusive processing of dehaired animals (Sofos and Smith, 1998a). It 
anticipated that removing the dirt, feces, and hair in a separate room and prior to removing the hide should decrease the occurrence o 
pathogens on beef carcasses. It should be noted, however, that contamination of the resulting meat will also depend on plant design- 
good manufacturing practices, sanitation and hygienic practices, and overall avoidance of environmental cross-contamination. The 

of waste (hydrolyzed hair and dehairing chemical residues of sodium sulfide and hydrogen peroxide) disposal needs to beissue
resolved before this technology can be adopted (Sofos and Smith, 1998a).

Spot carcass decontamination: The beef slaughtering and dressing process in high output operations consists of a sequence of more 
than thirty operations, often involving hundreds of workers. Some operations, especially those associated with hide remova 
(skinning), result in external contamination of carcasses and of the plant, and in cross-contamination and redistribution 0 
microorganisms from heavily contaminated to cleaner parts of the carcass. Knives are used manually to remove visible soil an 
bruised tissue during the dressing process, especially following carcass splitting. Proper removal of soiled tissue should result m 
reduction of microbial contamination (Gorman et al., 1995a,b,1997; Hardin et al., 1995; Kochevar et al., 1997a,b; Reagan et a •> 
1996; Sofos, 1998a,b; Sofos and Smith, 1998a,b). Certain studies, however, have questioned the contribution of routine carcass 
trimming in reducing overall carcass contamination in commercial operations (Gill, 1998; Gill et al., 1996; Jericho et al., 199 1 
Nevertheless, trimming with a knife to remove visible contamination on carcasses is required under the “zero tolerance” policy in th 
United States. As an alternative, the FSIS has approved the use of the process of steam-vacuuming carcasses (spots <2.5 cm 1[j 
diameter) with hand-held equipment (Castillo et al., 1999; Dorsa et al., 1996; Kochevar et al., 1997a). Steam-vacuuming uses ho 
water and/or steam to loosen soil and kill bacteria, followed by application of vacuum to remove the contaminants, and is no 
applied extensively by the United States animal slaughtering industry because it reduces the need for carcass knife-trimming.
Data collected during commercial application of steam-vacuuming indicated that removal of visible soil and reduction of bacteb 

counts achieved with either one of the two commercially available systems in the United States were at least as extensive as t 
achieved by knife-trimming (Kochevar et al., 1997a). The number of times of application (passes) and the total contact time differ 
depending on the extent of fecal contamination, ease of its removal, and speed of each application by the operator, and should at e 
decontamination efficacy. Overall, the effectiveness depends on employee diligence of application and operational status of  ̂
equipment. Irrespective of decontamination efficacy, knife-trimming and steam-vacuuming contribute to carcass cleanliness 
aesthetic acceptability, but it should be stressed that they are applied only to specific carcass portions, generally those known to 
heavily contaminated (Sofos and Smith, 1998a).

Carcass decontamination: Carcass contamination varies with season of the year, type of animal slaughtered, anatomical carcass si ’ 
and step in the dressing process. However, extent of carcass contamination is often influenced the most by variation among p'^n 
including plant design, speed of slaughter and skill of operators (Gill, 1998; Mackey and Roberts, 1993; Sofos et al., 1999a, - 
Application of decontamination processes on carcasses, during and following dressing, is generally regarded as an effec ^  
intervention to reduce contamination (Sofos, 1998a,b; Sofos and Smith, 1998a). Carcass decontamination processes are base ^  
immersion, flooding, cascading, deluging, rinsing, or spray-washing with water or chemical solutions. They are applied to reva\  
visible soil, such as residual hair, feces and bone dust in the majority of slaughter plants in the United States and other countries, s 
as Australia and Canada, and they may be designated as critical control points. The decontaminating efficacy of these treatments ̂  
influenced by water pressure, temperature, chemicals present and their concentration, time of exposure (which depends on spee 
slaughter and length of the application chamber), method of application, and time or stage of application during carcass dressi 
(Bolder, 1997; Cutter et al., 1997; Gorman et al., 1995b; Morrison and Fleet, 1985; Reagan et al., 1996; Sofos, 1994, 1998a,b; So
and Smith, 1998a,b). aI1d
Application of spraying/rinsing treatments to carcasses may cause penetration of bacteria into the meat or spreading 

redistribution on the carcass, depending on spraying pressure. Other concerns are associated with the influence of time bet^  
decontamination on bacteria attachment, biofilm formation and potential protection from exposure to the decontamination treat ^  
and injuries to bacterial cells or development of resistance in bacteria during exposure to decontamination treatments such as aC{6() 
and hot water or steam. Removal, rather than redistribution of bacteria on the carcass by spray-washing treatments can be eff<*^ 
through proper use of spraying nozzles (e.g., type, number, distribution, position, spraying angle, water output, and operati ^  
spraying pressure and time, size of carcass, and overall design of the chamber and spraying system. In addition, 11 s ^  
decontamination interventions that may inactivate (e.g., hot water, steam, chemical solutions), rather than only rem
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I9nlarn, nat'0n sboldd *essen tbe concerns associated with potential spreading of bacteria or their penetration into the tissue (Sofos, 
in a’ ’ ^°^os and grrdtb’  ̂998a,b). One concern associated with application of decontamination interventions, which needs to be 

vespgated, is the potential selection and establishment of resistant organisms in the spraying cabinets and other parts o f the plant 
d-0 ° S and Sm' tb’ 1998a). The length of time involved between hide removal/exposure to contamination and application of 

contamination treatments may influence bacterial attachment and efficacy of bacterial removal by the decontamination 
tim6nient*0nS <̂ a^ec 0̂ et ab H 996,1997) found that extent of decontamination by various spray-washing treatments decreased, as the 
s^ e aPse between exposure of beef carcass tissue to contamination and application of the decontamination treatments increased.

ray-washing of beef carcasses before evisceration, which is practiced in some plants in the United States, may owe its efficacy to 
(D' i!*0* removes contamination very quickly after removal of the hide, while bacterial and soil attachment is still minimal
co't k°n’ ^°^os’ 1998a; Sofos and Smith, 1998a). In general, it is believed that carcass decontamination interventions

n ute to the production of carcasses with lower levels of contamination and that reduced incidence of enteric pathogens helps in 
eeting regulatory requirements during slaughter.

Cj
n u T Ca/ decontamination: Warm (50-55 °Q  solutions of organic acids (1-3%), such as acetic and lactic, have reduced bacterial 

mbers on carcass tissue by 1-3 logs (Castillo et al., 1998b; Gorman et al., 1995a, 1997; Hardin et al., 1995; Kochevar et ah, 1997b; 
agan et ah, 1996, Smulders and Greer, 1998; Smulders et ah, 1986), and are used extensively in commercial beef slaughter in the 

co hd S -atCS’ Wh' le they 3re n0t Permitted in Europe- In the form of rinses, before chilling, they are found useful, especially in 
mbmation with preceding treatments of hot water spraying, and potentially as having a residual antimicrobial effect during storage, 
tenpal concerns associated with the use of organic acids include selection of acid-resistant organisms that may increase product 

Poilage, undesirable effects on product appearance, and equipment corrosion concerns (Gill, 1998; Smulders and Greer, 1998).
addition to organic acids, several other chemical solutions have also been proposed and tested for the decontamination of meat. 

bjsey lnclude common chlorine and chlorine dioxide, trisodium phosphate, hydrogen peroxide, sodium hydroxide, ozone, sodium 
199S ate’ S° dlUm chloride’ acidified sodium chlorite, nisin, potassium sorbate, cetylpyridinium chloride, etc. (Sofos and Smith, 
anri Tnsodlum Phosphate solutions have been approved for treatment of beef and poultry carcasses in the United States (Bender 

Brotsky, 1992; Dickson et ah, 1994; Kim and Slavik, 1994; Morris et ah, 1997). Our studies (Cabedo et ah, 1996; Gorman et ah, 
5a, 1997) showed that spray-washing with trisodium phosphate reduced contamination of beef brisket tissue, and that it may 

()2 lb,t bacterial attachment, thereby allowing easier bacterial cell removal by washing (Cabedo, 1995). Hydrogen peroxide and 
^onated water, were also found to reduce bacterial counts in experimental trials (Cabedo et ah, 1996; Gorman et ah, 1995a; Reagan
act3 i 1996 ’̂ bUt the’r USC may be ° f  concem due t0 their oxidizing effects on fat and muscle pigments. Approval, acceptance, and 

ual use of these and any other chemicals as decontamination interventions will depend on several factors, including safety, product 
7/)3 ,ty’ efficacy’ adaptability, need for decontamination, and cost (Sofos and Smith, 1998a).
% Z T al decontam‘nation: Exposure of animal tissues to hot water (>70°C) has been found effective (1-3 log reductions) against 
al '.age as wel1 as Pathogenic bacteria, including Salmonella, Y. enterocolitica, E. coli 0157:H7 and L. monocytogenes (Castillo et 
Wat 98b’ Davey and Smith’ 1989; Gorman et ah, 1995a; Kochevar et ah, 1997b; Smith, 1992). Reagan et ah (1996) found that hot 
apo^1* sPray~washing of beef (74-87.8°C at the pipe, for 11-18 sec and with 1,310 - 2,413 kPa pressures) reduced bacterial counts by 
SmP7 lr” ately 2-° ,0S cfu/cm,2 and achieved more consistent decontamination compared to knife-trimming, as indicated by the 
add V Standard deviations of average bacterial count reductions. Graves Delmore et ah (1997a) found that hot water rinsing, in 

' ion to removing visible soil, reduced coliform counts by 1.3-1.8 log cfu/cm,2 while Cabedo et ah (1996) found that, even after 
Co°sureto contamination for 2 or 4 hours, hot water (74°C) was more effective in decontaminating beef tissue than other treatments. 
bactmmerCial h0t W3ter dec°ntamination (85°C, 15 sec) of hog carcasses in Canada was found to be consistent in reducing mean 
'Vat enal numbers (by approximately 2 logs) compared to untreated controls (Gill and Jones, 1998; Gill et ah, 1995, 1997). A hot 
dec r c°mmercial decontamination system has been developed in Australia and consists of an enclosed stainless steel 
dec°ntamination cabinet (3-5 m in length) for beef sides, and a water handling and treatment system for recirculation. This hot water 
S " N a t i o n  system reduced inoculated bacterial counts by 2.4-5.1 log cfu/25 cm2, depending on initial inoculum (Sofos and 
J .  ’ 1 " 8 a ) .  Reconditioning and reuse of water in all types of decontamination applications is a topic of great interest, and 
kchn18’ flltering and decontamination (e.g., chlorine, heat) systems are being developed as adjuncts to carcass decontamination 
feCj n°*°8'es (Sofos and Smith, 1998a). In addition to the recirculating hot water cabinets developed in Australia and Canada, a 
ap jrculating hot water rinsing cabinet has also been developed in the United States for treatment of carcasses. As indicated, 
rins-'Catl0n of hot water for meat decontamination may involve immersion or dipping of the product, cascading of sheets of hot water^ 

mg at low pressures, or spraying at higher pressures. Each of these approaches has advantages and disadvantages. Immersion 
gen 6 m° re aPPbcable t0 poultry or meat cuts; spraying at high pressures may not achieve the desired high temperatures and may 
flood'316 condensate’ but 2t may a' so accomplish removal of visible soil; low pressures yield higher tissue temperatures, while 
l w lng w'tb bot water should achieve high temperatures on and throughout irregularly shaped carcasses or cuts (Sofos and Smith, 
rr,0 ag Hot water is approved for carcass decontamination in the United States, and effective temperatures exceed 74°C, becoming 

effective as they approach 80-85°C. The routine use of hot water in commercial applications will depend on its availability, the 
$p e°r dectmtamination by individual plants, and its effect on product decontamination as well as product quality/appearance in 
^ Clfic operations (Sofos, 1998a; Sofos and Smith, 1998a).
l99ctber A0™  ° f  thermal decontamination involves exposure of carcasses to pressurized steam (Davidson et al., 1985; Morgan et al., 
the u  Nutscb et al ’ 1997’ 1 " 8 ;  Phebus et al., 1997) and a patented process (the Frigoscandia SPS®) has been approved and used in 
and n'ted States' Commercially, "steam pasteurization" is applied for approximately 6 sec to avoid carcass discoloration concerns, 

reduces bacterial counts by 1-2 logs (Gill, 1998). Reported advantages of exposure to pressurized steam, over spray-washing
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applications, include reduced water and energy usage. However, “steam pasteurization” requires a major capital investment and is 
applied after washing of carcass sides. Nevertheless, “steam pasteurization” can be an additional intervention that further reduces 
carcass contamination before chilling. The impact of decontamination interventions, such as "steam pasteurization," on the 
microbiological quality of carcasses will depend on extent of continuous equipment use, proper operation, and extent of potential re
contamination of meat during subsequent stages of handling (Sofos and Smith, 1998a). Gill (1999) cautions that, because 
pasteurizing treatments will inevitably cause some degradation of carcass appearance, there could be a tendency for plant personnel to 
reduce the time or temperature to minimize damage to carcasses which could be carried so far as to render the treatment ineffective.

Other technologies: A variety of other processes, including ionizing radiation, hydrostatic pressure, electric fields, pulsed HgW’ 
sonication and microwaves have been proposed for application to reduce contamination in meat (Bawcom et al., 1995; CAST, 199 > 
Bolder, 1997; Dunn et al., 1995; Farkas, 1998; Hoover, 1993, 1997; Lillard, 1994). Ionizing radiation has been approved for 
decontamination of fresh meat and poultry in the United States, but its commercial use is limited at the present time.

Decontamination with multiple processes: Use of two, three or more processes may yield synergistic or additive decontaminating 
effects (Sofos, 1998a; Sofos and Smith, 1998a), and could be considered as a “multiple hurdle” (Leistner, 1995) decontamination 
approach. The higher the initial contamination, the greater the decontaminating effect of single or multiple sequent^ 
decontamination technologies (Castillo et al., 1998b, 1999; Dorsa et al., 1996, 1997a; Graves Delmore et al., 1998). Increased wate 
temperatures (50-55°C) enhance the effect of acid solutions (Cutter et al., 1997). Graves Delmore et al. (1998) reported reductions in 
E. coli counts on beef adipose tissue samples of up to 4.3 log cfu/cm2 by use of pre-evisceration washing, followed by acetic aci 
solution rinsing, followed by warm-water washing and terminating in final carcass washing with an acetic acid solution rinse- 
Application of lactic acid rinse, following hot water washing, was more effective than their use in the opposite order (Castillo et a •> 
1998b). The multiple intervention decontamination approach is used in operations to help them meet the performance criteria set H1 
the United States meat and poultry inspection regulations, or when their customers demand application of such technologies (Sofo  ̂
and Smith, 1998a). We have evaluated (Bacon et al., 1998) the concept of multi-intervention decontamination as applied in  ̂
commercial plants and verified its effectiveness in reducing bacterial counts and incidence of Salmonella. Overall average info3 

; total plate counts, coliform counts and E. coli counts of 7.6,4.6 and 4.1 log CFU/100 cm2 were reduced to 3.3, 1.0 and 0.9 fogcarcass I
CFU/100 cm2 after chilling, respectively. Overall incidence of Salmonella was reduced from the 14.7% to 1.9%.

Edible offal decontamination: Delmore (1998), in our laboratory, evaluated processes, such as solutions of chlorine (0.005%)’ 
acetic acid (2%) lactic acid (2%) or trisodium phosphate (12%), hot water (78-80°C), and steam, applied by immersion, spraying ° 
diffusion, for the decontamination of cheek meat, large intestine, lips, liver, oxtail and tongue. Chlorine and steam were among t 
least effective, while the acids and hot water were among the most effective decontamination interventions. Depending on produc. 
average reduction in aerobic plate counts achieved with chlorine, acetic acid, lactic acid, trisodium phosphate, hot water and ste^ 
were in the ranges 0.1-0.6, 0.3-2.6, 04-1.7, 0.5-1.2 and 0.0-2.0 log CFU/g, respectively. Depending on decontamination trea tin g  
reductions in aerobic plate counts achieved in cheek meat, large intestine, lips, liver, oxtail and tongue were in the ranges 0.3-1 • 1 >
1.0, 0.0-1.8, 0.1-1.0, 0.1-1.5 and 0.4-2.6 log CFU/g, respectively. Additional experiments with acetic and lactic acid, applied 
immersion (2%, 50°C, 5 or 10 sec) were effective in reducing L. monocytogenes and E. coli 0157:H7 inoculated on samples o f1 
same products (Delmore, 1998). The results indicated that E. coli 0157:H7 was more resistant to decontamination than ̂  
monocytogenes, and that the most effective treatment was exposure to lactic acid for 10 sec. In another study (Zerby et al., 1998b) 
evaluated decontamination of pork variety meats (cheek meat, salivary gland, tongue, liver, heart, stomach and chitterlings) W1  ̂
chlorine, acetic acid, lactic acid, trisodium phosphate, acidified sodium chlorite, hot water and steam. Acetic acid, lactic acid 
trisodium phosphate were the most effective decontamination treatments for pork variety meats, with lactic acid immersion being 
best. The results indicated that exposure of beef and pork variety meats to decontamination treatments also resulted in sublet 
injury of a portion of the bacterial contamination (Delmore, 1998; Zerby et al., 1998b). Injured bacterial cells may repair their fo-fo  ̂
and cause concerns during extended product storage. In general, these studies have shown that processes applied to carcasses can ® 
be considered for decontamination of edible offal. Decontamination interventions, however, need to be applied in conjunction ^  
good manufacturing practices in the spirit of the principles of HACCP in order to enhance the microbiological quality of any produ 
including variety meats.

Microbiological performance criteria: As indicated, the United States regulations have set microbiological performance criteria ^  
meat and poultry that need to be met in plants operating under the principles of HACCP (FSIS, 1996). These criteria incU(eS 
sampling of 24-hour chilled carcasses (1 out of every 300 for large beef plants) and enumerating E. coli from three carcasses si 
(brisket, flank, rump) (100 cm2 each) combined. The same sampling protocol, or sampling of ground beef when produced, is apP11̂  
by FSIS inspectors and these samples are analyzed for presence of Salmonella. The regulation has set limits in E. coli counts ^  
Salmonella incidence that, if exceeded, indicate process failure, and the need for improvements in the process to meet the criteria- ^  
a major study in 4 steer/heifer and 3 cow/bull slaughtering plants, we collected carcass samples, by excision, from the a 
mentioned carcass sites, at pre-evisceration, after final carcass washing and after 24 hours of carcass chilling, during two seas 
(November-January and May-June) and analyzed them for E. coli and Salmonella. The data were analyzed statistically to deternt  ̂
probabilities of passing the regulatory performance criteria (FSIS, 1996). The results obtained before and after carcass was  ̂
indicated that decontamination processes (which varied among plants) had a major influence in reducing levels o f contamination ^  
increasing probabilities of passing the performance criteria (Sofos et al., 1999b,c). Probabilities of passing the E. coli perform3̂  
criteria, depending on individual plants, anatomical carcass site, season and type of animal slaughtered, ranged between 0.0 and 1 •
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pre-evisceration and between 0.654 and 1.0 after carcass washing, but before chilling (Sofos et al., 1999b). After a 24-hour carcass 
chilling period, the probabilities of passing for steer and heifer carcasses were in the ranges of 0.597-1.0, 0.641-1.0 and 0.71-1.0 for 

e brisket, flank and rump, respectively; the corresponding probabilities for cow and bull carcasses were 0.966-1.0, 0.471-1.0 and 
-485-1.0 (Sofos et al., 1999b). Probabilities of passing the regulatory criteria (FSIS, 1996) for Salmonella contamination, for all 

carcass sites combined, were 0-1.0 at pre-evisceration, and 0.242-1.0 after carcass washing for steers and heifers; the corresponding 
Va ues for cows and bulls were 0.004-0.974 and 0.245-1.0, respectively. After carcass chilling, the point at which the regulation 
requires testing, the probabilities of passing for steer and heifer carcasses were 0.242-1.0 and 0.722-1.0 during November-January 
and May-June, respectively; the corresponding probabilities for cow and bull carcasses were 0.368-0.974 and 0.865-1.0 (Sofos et al., 

99c). Total bacterial, coliform and E. coli counts were correlated significantly with incidence of Salmonella only for samples from 
°w and bull carcasses that had a higher incidence of the pathogen than steer and heifer carcasses. The results of these studies have 
Rnonstrated in commercial practice the major influence of a variety of decontaminating processes, described in this paper, in 

ucing levels o f contamination. The results also indicate the need for individual plants to examine their operations and to establish 
S ta t io n , hygiene and good manufacturing practices that will assist them in the improvement of the microbial quality of raw beef.

^afety and meat quality: Application of decontaminating processes may have an influence on product and worker safety and 
toduct quality, and, therefore, these criteria should be considered in treatment selection. Acceptable decontaminating processes 
°uld not have adverse toxicological or other health, effects on workers during their application or on consumers as a result of their 

R e' decontamination technologies based on heat are not associated with potential health concerns or with product safety, provided 
at the water meets drinking standards. Use of chemical solutions, however, depends on their toxicological properties, as well as on 
e>r effects on product quality and acceptability, and on the potential for environmental pollution problems associated with their use. 
Pphcation of any decontamination technology should be in compliance with worker safety guidelines. Potentially undesirable 
ects o f thermal and chemical decontaminating processes may be associated with color/appearance and flavor/odor changes, 

nerefore, their concentration, intensity and length of application should be selected based on antimicrobial as well as quality criteria 
' >11 and Badoni, 1997; Smulders and Greer, 1998; Sofos and Smith, 1998a).

Ven >f spray-washing or other types of decontaminating technologies are effective on carcasses, the microbial status of the resulting 
eat will be affected by subsequent handling, exposure to additional contamination, and application of further decontamination or 

Reservation treatments. It is logical to expect however, that carcass decontamination, if proper and effective, should reduce 
Rcidence of pathogens of fecal origin that are mostly introduced in the plant, and originating on or in the animals. Carcass 
Contamination coupled with proper subsequent sanitation and handling of the resulting meat, should reduce levels o f pathogens that 
eed to be controlled or inactivated before consumption (Sofos and Smith, 1998a).

Carcass cooling
Carcasses may be exposed to additional contamination and microbiological proliferation during chilling or cooling, which follows 
Aghter, dressing and decontamination. These problems can be minimized by sanitary and hygienic practices and facilities, and 

R°Per chilling of carcasses to temperatures that do not allow, or greatly reduce, microbial growth (Schmidt et al., 1998). Rapid pre- 
g°r chilling may be undesirable in beef and lamb carcasses due to potential loss of tenderness (Tomberg, 1996), but muscle 
oghemng can be avoided by application of electrical stimulation or very rapid chilling procedures (Joseph, 1996). In most practical 

R ations, commercial chilling of beef carcass sides to temperatures below 7 °C requires 18-36 hours. This chilling rate may be 
equate considering that the internal muscle tissues should be essentially sterile (Gill, 1998). In addition to temperature, microbial 

j °wtb on carcass surfaces may also depend on presence of moisture available for microbial growth as well as other factors (Gill and 
qj. RS’ 1997). Dry carcass surfaces may lead to decreases in microbial counts when combined with cold temperatures, but inactivation 

acteria is generally more difficult in the dry condition. Drying of carcasses during chilling results in weight losses and a large 
st mber of operations in the United States apply intermittent spraying of carcasses with chilled water, especially during the initial 
staf  of chilling, to facilitate carcass temperature decreases without loss of surface moisture (Gill, 1998). However, additional 
§a<aies are needed to optimize chilling processes and to control microbial contamination (Greer at al., 1990; Jericho et al., 1998; 
teT d° m and Buys’ 1995)- Carcass cooling should be uniformly rapid to avoid hot spots of bacterial multiplication and subsequent 
(je lstribution of bacteria during fabrication, as well as cross-contaminating additional product. Requirements for adequately low, 

eP muscle temperatures before fabrication are also necessary to avoid microbial proliferation during and following fabrication, 
Pecially in the center o f boxed product, of trimmings in large combo bins, or at the center of boxes in storage or during 
Asportation.

Rbrication and storage
arcass chilling is usually followed by fabrication into primal and subprimai cuts, and trimmings, which are packaged in pouches or 

shQS P*ace^ ' n b°xes or in combo bins, and shipped elsewhere for further fabrication or processing before retailing. These processes 
the Uld a'S°  be Perforrne^ >n sanitary and hygienic environments and equipment, under good manufacturing practice principles. All 
Cq 8a'ns in reduction of contamination achieved by decontaminating processes during slaughter, dressing and chilling may be 
^ P ro m ised  during fresh meat fabrication, handling and distribution. Proper plant and equipment cleaning and sanitation practices 
praebtn'nate organic matter residues, microbial contamination and biofilm formation, as well as personnel training in hygienic 
Pr t̂lCes are important prerequisites, along with appropriately chilled carcasses, properly cooled fabrication environment, and rapid 
0 ° Uct throughput to avoid contamination problems during fabrication. Fresh meat should be stored at low temperatures to prevent 
gj. rec*Uce microbial growth. Temperatures below 5-7 °C inhibit growth of mesophilic microorganisms, while psychrotrophs may

°'v, but at a reduced rate. Frozen storage below -5 to -10 °C will inhibit growth of all microorganisms of concern in foods.
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Another important consideration is whether carcass decontamination has any lasting effect on the microbial quality of the resulting 
meat (Sofos and Smith, 1998a). This is difficult to evaluate since contamination and conditions during subsequent handling and 
distribution are also influential and variable among operations, but several studies have indicated that decontamination with organic 
acids may have a better residual antimicrobial effect during product storage than other decontaminating processes (Dorsa et al-, 
1997b, 1998a,b; Gorman et al., 1997). Additional studies are needed to evaluate the effect of the newer carcass decontamination 
processes on subsequent product quality, as well as to evaluate effects on quality engendered by the application of decontamination 
technologies to meat cuts. Exposure to additional contamination during carcass cutting probably negates benefits o f carcass 
decontaminating treatments relative to spoilage microorganisms. A benefit of all carcass decontamination treatments could be that, i 
effective, they should reduce the incidence of fecal pathogens on the carcass. If no fecal contamination is present during subsequent 
cutting of the carcass, then the meat should have lower incidence of pathogens of fecal origin (Sofos and Smith, 1998a).

Conclusions
Increased consumer concern about food safety has led to establishment of new meat and poultry inspection regulations in the United 

States, which require operation under HACCP protocols/systems and testing of meat to determine whether established 
microbiological criteria or standards are met. These developments have led to intensified research, development and application o 
meat decontamination technologies with the objective of helping the industry to meet the regulatory requirements, and, to provide the 
consuming public with a microbiologically cleaner and safer product. Decontamination technologies applied, or considered, include 
animal cleaning, chemical dehairing, knife-trimming, steam-vacuuming, carcass washing, spraying, or rinsing with water of low or 
high temperatures/pressures, or with chemical solutions such as chlorine, organic acids, and trisodium phosphate, application ° 
pressurized steam following carcass washing, or use of multiple decontamination treatments in sequence. Selection 0 
decontamination technologies by individual companies may depend on cost, need for decontamination, facilities available- 
availability of other resources (e.g., hot water, steam, plant design), and product destination since some countries do not alio"' 
application of carcass decontamination interventions. Application and management of decontamination processes, described in this 
paper, under the principles and spirit of HACCP and improvements in overall hygiene, sanitation and good manufacturing practices 
should reduce pathogen incidence and enhance product quality. Continuous improvement and enhancement of the HACCP prograrT1 
and its application throughout the chain, from production to consumption, should lead us to a safer meat supply. The extent of carcass 
contamination before as well as after application of single or multihurdle decontamination treatments can be influenced by facility 
design, sanitation and hygiene, and good manufacturing practices, which can also influence the efficacy of decontamination. Without 
the foundation of good plant design, proper sanitation, hygiene and good manufacturing practices, even the best decontamination 
technologies will fail. Decontamination technologies should not be used to correct problems that can be prevented or avoide 
through proper design, sanitation, operation, and, generally, good manufacturing practices, or to allow plant operation at high speed' 
However, decontamination treatments can prove useful in reducing accidental/unnoticed contamination, especially of fecal orig'J1, 
that may contain pathogens. Appropriate implementation of decontamination technologies and strategies should lead to consistent y 
cleaner carcasses with minimal contamination of fecal origin. The microbiological status of the product that reaches the consumed 
however, either as raw meat or processed products, will also depend on exposure to contamination and its control during subseque" 
chilling, fabrication, processing, handling, distribution and preparation for consumption. Proper application of decontaminatin'1 
processes will yield a product that should be safe for consumption following adequate cooking.
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