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Where does contamination occur and what interventions 
work? 
Collette Schultz Kaster, MS and Michael Bradley, PhD 

Introduction 

Food safety is the subject of significant attention from 
the scientific community, regulating bodies, and consumer 
groups. Companies cannot afford to have a weak food 
safety program. A successful food safety program uses 
process control quality management systems, which in­
corporate "hurdle technology," where multiple interven­
tions are used to impact the environment for hazards (Jay 
1992, Leistner and Rodel 1976). 

Types of contamination 

Currently the most widely implemented food safety pro­
gram is HACCP (Hazard Analysis Critical Control Points). 
Most teachings of the HACCP process reference three 
types of hazards or contamination: biological, physical, 
and chemical (Pierson and Corlett, 1992). Each step in 
the process is reviewed to determine if any of these three 
categories of hazards are present. 

Biological hazards include bacterial, viral, and parasitic 
contaminants. Key bacterial hazards in fresh pork are 
Salmonella and generic E. coli, with Campylobacter and 
Yersinia identified as emerging organisms. Trichinella 
spiralis and Toxoplasma gondii are parasites that have 
been associated with pork. Listeria monocytogenes is an 
organism of great concern, but is considered to enter the 
food chain primarily from post-processing contamination 
in ready-to-eat products as it is readily killed by heat. 
Viruses such as Norwalk-like and Hepatitis may be be­
come more of a concern in the near future as methodolo­
gies for virus isolation from product evolve. 

Chemical contaminants may arise from naturally occur­
ring chemicals such as toxins or biogenic amines, or from 
added chemicals, which might be commonly found in a 
plant environment. Processors frequently rely on certifi­
cations from suppliers of live animals or plant chemicals 
to address issues associated with chemical contaminates. 
Chemical hazards associated with the plant environment 
must be addressed in plant control measures and consid­
ered as potential hazards in each HACCP plan. 

Physical hazards are extraneous matter or foreign objects 
and include any physical matter not normally found in 
food, which may cause illness (including psychological 
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trauma) or injury to an individual (Pierson and Corlett, 
1992). Bone, cartilage, and hypodermic needles are most 
common complaints from physical sources in pork. 

Sources of hazards 

Other authors have addressed hazards associated with 
contamination on the farm and at lairage; this paper will 
concentrate on food safety issues at the plant. In a work­
ing food safety system, however, these issues cannot be 
so neatly separated and it is imperative to be aware of 
hazards present throughout the entire pork chain. If haz­
ards and risks from each area are understood, then in­
formed decisions may be made regarding where to allo­
cate resources to ensure the provision of a safe product. 

Control and measures of contamination 

It is widely agreed that a food safety management system 
such as HACCP is an effective tool used to affect food 
safety. Process control of hazards is more effective than 
end product testing, which is better used as a verification 
step (Swanson and Anderson, 2000). Implementing it with 
regulatory oversight has faced challenges, but is still cited 
as having improved food safety and reduced the presence 
of pathogens. FSIS has reported decreases in Salmonella 
prevalence in swine carcass swabs obtained during com­
pliance testing and the number of positives has remained 
lower than in agency baseline studies and surveys con­
ducted before HACCP implementation (Anonymous, 
1999; Anonymous 2002 (a». The differences in pre- ver­
sus post-HACCP Salmonella prevalence on carcasses 
were suggested to reflect changes owing to HACCP 
implementation. 

Having a food safety plan such as HACCP requires ex­
tensive documentation and support. Many prerequisite 
programs are also a critical foundation and include: 

• GMPs 

• sanitation standard operating procedures (SSOPs) 

• pest control 

• incoming ingredients and packaging materials 

• metal detection 
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• restricted ingredient control programs 

• temperature control 

Process control plans are designed to expect deviations 
and to guide a concrete set of actions should they occur. 
These generally include corrective actions-which are 
designed to address the deviation immediately-and pre­
ventative measures intended to prevent the deviation from 
reoccurring stemming from the same root cause. 

Documentation of these activities is also crucial, as is the 
implementation of a document control program. Docu­
ments, revisions, distributions, and copies should be con­
trolled so that the appropriate version is always available 
to those who must implement the program. 

Plant sources of contamination 

Hog receiving 
Antibiotic residues are a hazard for which controls are 
available. Many plants require that producers send letters 
of guarantee or demonstrate participation in Pork Quality 
Assurance Level III (Anonymous, 2000). Some plants use 
rapid testing methods to verify absence of residues. 

"Downer" animals have garnered attention recently ow­
ing to spongiform encephaloapathies. Closer attention is 
being paid to these animals during antemortem inspec­
tion, particularly with respect to neurological functions. 
Additionally, animals are scrutinized for signs of foreign 
animal diseases such as food and mouth disease. 

Slaughter operations 
Several excellent studies review the contribution of 
slaughter processes to microbial status of carcasses and 
meat (Gill, 1995; Dickson, 2002). Slaughter is a critical 
process as this is where contamination from skin or vis­
cera may occur during dressing of carcasses. Borch et al. 
described the process of swine slaughter as "an open pro­
cess with many opportunities for the contamination of 
the pork carcass with potentially pathogenic bacteria: 
however, it does not contain any point where hazards are 
completely eliminated" (1996). Bacterial contamination 
of carcass surfaces has been attributed to a variety of 
sources, including hides, intestinal content. tools and 
equipment, and the hands of workers (Hansson, 2001: 
Berends et aI., 1997). 

Each step in the process must be evaluated to assess risk. 
Research literature may be used to provide support and 
guidance in the evaluation of specific hazards. In some 
cases, studies may be required to assess a hazard or inter­
vention fully, because it is essential to note that the hy­
gienic effects of apparently similar processes or programs 
may produce significantly different results, and processes 
must be considered on a plant-by-plant basis (Gill et al.. 
2000). 
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Bacteria are generally regarded to be associated with the 
surface of carcasses and not within the deep muscle tis­
sues (Gill, 1998). It has been reported in the literature 
that singeing reduces the bacterial population on the skin 
of swine (Hansson 2001; Borch et. aI., 1996), with Berends 
et al. reporting that scalding and singeing can result " ... 
in virtually complete elimination of the skin contamina­
tion that existed before slaughter" (1997). However, bac­
teria may be introduced to the carcasses via evisceration 
and subsequent handling. 

Key areas for contamination potential are exsanguination, 
evisceration, and head removal. Exsanguination or stick­
ing is the first point at which the carcass is breached. Stick­
ing knives must be regularly sterilized and stick wounds 
must be either removed from the carcass prior to the split­
ting of the sternum, or carefully avoided during splitting. 
and subsequently removed after the carcass is opened. 

Evisceration includes removal of the bung, opening of 
the carcasses and removal of the viscera, usually to a sepa­
rate stainless steel pan. The bung removal is an important 
step, and may greatly influence the extent of the contami­
nation of the carcass with fecal matter (Borch et aI., 1996). 
Several of these cuts are "blind" in that it is not possible 
to see if viscera are punctured or torn until after they are 
removed. Therefore. it is critical to keep equipment sani­
tized during these processes to minimize cross-contami­
nation. Sanitation of knives and saws is generally done 
with 180°F water. Contamination of individual carcasses 
as a result of the evisceration process is addressed by in­
terventions and controls later in the process such as steam 
vacuuming. trimming. carcass washes, and steam 
pasteurization. 

Carcass washes 
A number of substances have been evaluated as additives 
to final carcass washes (Dickson, 1998: Dickson and 
Anderson 1992). Among these are hot water (Gill et. al.. 
1995). lactic acid (Praisai et. al.. 1992), and other organic 
acids (including acetic and citric acid). Some plants are 
testing acidified sodium chlorite for use in carcass washes 
(Delmore. 2002). 

In addition ozonated and electrolyzed oxidizing water 
(Cutter 200 I) are being reviewed for washes as well for 
equipment sanitation. Steam pasteurization is used pre­
dominantly in beef but units are available for pork. How­
ever, discoloration of exposed muscles such as the psoas 
major is a concern (Eilert, 200 I). 

Head/Offal 
Biological hazards are associated with offal items, as they 
are comprised of the internal organs associated with the 
head and gut. Viscera products may include the natural 
flora of the animal, while various head meat components 
and lymph nodes may be unavoidably contaminated by 
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organisms associated with the mouth and gullet. The natu­
ral incidence of the high levels of bacteria present in these 
items is generally acknowledged, with Gill indicating, 
"offals have traditionally been regarded as being of in­
trinsically poor microbiological quality" (1998). A sur­
vey conducted by Zerby et a1. indicated that while there 
were high levels of many pathogens in these products, 
some interventions are available (1998). Organic acids 
and various chemical and heat treatments have been ap­
plied to offal items with data indicating some interven­
tions may prove successful (Delmore et a1., 2000). How­
ever the low value of these products makes the widespread 
introduction of costly intervention strategies unlikely at 
this point. 

Chilling 
Carcasses are typically chilled to <45°F and a common 
method is blast chilling where sub-zero temperature and 
high air velocities accelerate the chilling curve. The ef­
fect of this process on bacteria has been mixed. Jones et 
a1. showed no impact of blast chilling on mesophilic bac­
teria (1991), however Cutter showed that either conven­
tional chilling or blast chilling were more effective on 
high levels of pathogens than the low levels typically seen 
on pork carcasses (2000). In particular a reduction on 
Campylobacter was documented when carcasses were 
blast chilled. 

Any bacteria that may be associated with the carcass sur­
face will be exposed to temperatures that are conducive 
to growth as the carcass passes through what is consid­
ered the danger zone of 140-45°F (Anonymous, 2001). 
However, they are also exposed to harsh and potentially 
lethal stresses simultaneously. Stresses include desicca­
tion resulting from rapid air movement associated with 
chilling and subsequent drying of the carcass surface, as 
well as temperature shock from the holding cooler envi­
ronment. All of these stresses are antagonistic to the 
growth of bacteria and can lead to decrease in populations. 

These stresses associated with chilling swine carcasses 
have been reported in the literature to actually reduce lev­
els of coliforms and E. coli on the surfaces of swine (Gill 
et al., 2000). While the conditions during carcass chilling 
may produce temperatures that would allow for bacterial 
growth, rapid proliferation of bacteria is unlikely due to 
the harsh conditions discussed above. 

However some plants still use conventional chilling, 
which is often supplemented by spray chilling. This pre­
sents additional challenges owing to the very wet envi­
ronment and some companies have utilized acid washes 
as these carcasses enter the fabrication room. 

Fabrication and trim blending 
With the exception of hot boning operations, internal 
muscle tissues are typically cooled to temperatures of 45°F 
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or below prior to fabrication. Gill indicates that there is 
no absolute hygienic need to reduce the internal tempera­
ture of all carcasses below 7°C (45°F) during carcass cool­
ing, as deep tissues are essentially sterile (1998). How­
ever, the decrease in internal temperatures provides a meat 
surface which is at a temperature that will not permit sig­
nificant growth of bacteria of concern should the internal 
meat surfaces become contaminated during the fabrica­
tion process. In addition, reducing temperatures below 
45°F is a good insurance policy against possible increases 
in temperature during processing, and contributes to ex­
tending the shelf life of the products. 

Contamination of product during fabrication and further 
processing may originate from carcasses or the environ­
ment. However, it is has been suggested that the impact 
of contamination via carcasses should be limited if an 
effective HACCP/GMP program is implemented (Borch 
et aI., 1996). However, our internal data show that trim­
mings, which are comprised of fat and lean from many 
different cuts and locations, may have significantly higher 
TPC levels and an increased incidence of pathogens. In­
terventions have been researched to reduce these levels 
(Castelo, et. al. 2001), but do not seem to be widely imple­
mented, probably because most of this raw material goes 
into product that will be thermally processed. 

The environment-and the sanitation of equipment and 
contact surfaces-has received increased scrutiny from 
both plant and regulatory personnel as a potential source 
of contamination. Hygienic monitoring of equipment us­
ing swabs or ATP bioluminescence technology to moni­
tor presence of bacteria has become the industry standard. 

Other contributors 
Additional sources of contamination of products are em­
ployees, equipment, water, air, packaging materials, and 
added ingredients. Pre-requisite programs outlined ear­
lier should be in place to address these issues. Adherence 
to these standards should be regularly evaluated for com­
pliance through audits and preventative actions designed 
to address non-compliance. 

New technologies and next steps 

The slaughter and fabrication process can be performed 
in such a manner as to prevent contamination and it has 
been argued that "assuming that the microbiological ob­
jectives have been achieved in the slaughter process, and 
the fabrication process is maintained at a reasonable level 
of hygiene, further interventions may be unnecessary 
(Anonymous, 2002(b)). Nevertheless, extensive research 
is being conducted to find and evaluate additional inter­
ventions to provide an added level of assurance. In 
aaddition, work is being done to improve the sanitation 
of equipment, including fabrication with bacteriastatic 
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constituents into the materials of belts, tools, and other 
devices. 

Many new technologies are focused on consumer-ready 
products, such as ground patties and ready-to-eat prod­
ucts such as deli meats and frankfurters. Some examples 
include: 

• post-packaging thermal treatments 

• irradiation 

• ultra high pressure processing 

• new sanitizers, such as peroxyacetic acid 

• chlorine dioxide, chlorine 

• biological antimicrobials (e.g., bacteriocins) 

It appears food safety will continue to receive significant 
attention from consumers, the meat industry, academi­
cians, and regulators. To determine the best interventions, 
researchers are working to identify mechanisms and char­
acteristics of pathogens in all portions of the pork chain. 
Companies acknowledge the need to continually improve 
food safety processes, and are committing the resources 
to implement interventions as they become available. 

References 

Anonymous, 1999. HACCP Implementation: First Year 
Salmonella Test Results January 26, 1998 to January 25, 1999. 
Office of Public Health and Science, Food Safety and Inspection 
Service, U.S. Department of Agriculture. http:// 
www.fsis.usda.gov/OPHS/salmdata.htm. Accessed 19 July 
2002. 
Anonymous, 2001. Chapter 3, Food, Food Code 200 I, U. S. 
DEPARTMENT OF HEALTH AND HUMAN SERVICES, 
Public Health Service, Food and Drug Administration. http:// 
vm.cfsan.fda.gov/-dms/fcO I-toc.html. Accessed 18 July 2002. 
Anonymous. 2000. Pork Quality Assurance Level III. National 
Pork Board. Des Moines, IA. 
Anonymous. 2002 (a). Progress Report on Salmonella Testing of 
Raw Meat and Poultry Products, 1998-2001. Office of Public 
Health and Science Food Safety and Inspection Service, U.S. 
Department of Agriculture. hUp:llwww.fsis.usda.gov/OPHS/ 
haccp/salm4year.htm. Accessed 19 July 2002. 
Anonymous. 2002 (b). Iff Expert Report on Emerging Micro­
biological Food Safety Issues Implications for Control in the 21 ,I 
Century. Institute of Food Technologists. http://www.ift.org/ 
govtrelations/microfs/. Accessed 19 July 2002. 
Berends, B. R., F. Van Knapen, J. M. Snijders, and D. A. 
Mossel. 1997. Identification and quantification of risk factors 
regarding Salmonella spp. on pork carcasses. Int. J. Food 
Microbiol. 20: 199-206. 
Borch, E., T. Nesbakken, and H. Christensen. 1996. Hazard 
identification in swine slaughter with respect to foodborne 
bacteria. Int. J. Food Microbiol. 30:9-25. 
Castelo, M. M., D. H. Kang, G. R. Siragusa, M. Koohmararie, 
and E. D. Berry. 200 I. Evaluation of combination treatment 
processes for the microbial decontamination of pork trim. J. 
Food Prot. 64:335-342. 

2002 Allen D. Leman Swine Conference 

Cutter, C.N. 2000. Effects of chilling methods for bacterial 
recovery and reducing bacteria on pork carcasses .. Final Report. 
National Pork Producers Council, Des Moines, Iowa. 
Cutter, C.N. 2001. Personal communication. 
Delmore, RJ. 2002. Personal communication. 
Delmore, RJ., J.N. Sofos, G.R. Schmidt, K.E. Belk, WR. Lloyd 
and G.C. Smith. 2000. Interventions to reduce microbiological 
contamination of beef variety meats. Journal of Food Protection 
63 (1 ):44-50. 
Dickson, J. 1998. Intervention strategies to control microbio­
logical contamination on hog carcasses during processes. Final 
Report 1928. National Pork Producers Council, Des Moines, 
Iowa. 
Dickson, J. 2002. Probable sources and sites of Salmonella 
contamination in the pork chain. Proceedings: Pork Quality and 
Safety Summit. National Pork Producers Council, Washington, 
DC. 
Dickson, J., M. E. Anderson. 1992. Microbiological decontami­
nation of food animal carcasses by washing and sanitizing 
systems: A Review. J. Food Prot. 55: 133-140. 
Eilert, SJ. 2001. Personal communication 
Gill, C. 0., F. Dussalt, R. A. Holley, A. Houde, T. Jones, N. 
Rheault, A. Rosales, and S. Quessy. 2000. Evaluation of the 
hygienic performances of the processes for cleaning, dressing 
and cooling pig carcasses at eight packing plants. Int. J. Food 
Microbiol. 58:65-72. 
Gill, C.O. 1998. Microbiological contamination of meat during 
slaughter and butchering of cattle, sheep and pigs, pp 118-157. In 
A. Davies and R. Board (eds.), The Microbiology of Meat and 
Poultry. Blackie Academic & Professional, London. 
Gill, C.O. 1995. Current and emerging approaches to assuring 
the hygienic condition of red meats. Can. J. Animal Science 
75: 1-13. 
Gill, C.O., D.S. McGinnis, J. Bryant and B. Chabot. 1995. 
Decontamination of commercial. polished pig carcasses with hot 
water. Food Microbiol. 12:143-149. 
Hansson, I. B. 2001. Microbiological meat quality in high- and 
low-capacity slaughterhouses in sweden. J. Food Prot. 6:820-
825. 
Jay, J. M. 1992. Intrinsic and extrinsic parameters of foods that 
affect microbial growth. p. 61In D.R. Heldman (ed.), Modern 
Food Microbiology. Chapman and Hall. New York. NY. 
Jones. S. D. M .. G. G. Greer. L. E. Jeremiah. A. C. Murray. and 
W. M. Robertson. 1991. Cryogenic chilling of pork carcasses: 
effect on muscle quality. bacterial populations and palatability. 
Meat Science 29: 1-16. 
Leistner, L. and W Rodel. 1976. Inhibition of microorganisms in 
food by water activity. p. 219-227. In F.A. Skinner and WB. 
Hugo (eds.). Inhibition and Inactivation of Vegetative Microor­
ganisms. Academic Press. London. 
Pierson, D., and D. A. Corlett. 1992. HACCP Principles and 
Applications. Van Nostrand Reinhold. New York, NY 
Prasai, R. K .. G. R. Acuff. L. M. Lucia, J. B. Morgan. S. G. May 
and J. W Savell. 1992. Microbiological effects of acid decon­
tamination of pork carcasses at various locations in processing. 
Meat Science 32:413-423. 
Swanson, K. M. and J. Anderson. 2000. Industry Perspective on 
the use of microbial data for hazard analysis and critical control 
point validation and verification. J. Food Prot. 63:815-818. 
Zerby, H. N., R. J. Delmore. R. Murphree. K. E. Belk. J. N. 
Sofos. G. R. Schmidt, G. L. Bellinger, A. Pape. M. Hardin. W 
Lloyd and G. C. Smith. 1998. A microbiological profile of pork 

229 



Collette Schultz Kaster 

variety meats and intervention strategies for reducing 
microbio1cial contamination on pork variety meats. Final 
Report. U.S. Meat Export Federation Denver, CO. 

230 2002 Allen D. Leman Swine Conference 


