575

Vol. 3, No. 4, October�December 1997 Emerging Infectious Diseases

Commentary

Irradiation Pasteurization of Solid

Foods: Taking Food Safety to the Next

Level

In the 19th century, milk from diseased cattle produced in unsanitary surroundings and distributed under filthy conditions to an increasingly urbanized population sickened and killed consumers by the thousands (1,2). Wide acceptance of the germ theory and the sanitary awakening that followed led to vast improvements in animal health and hygiene, and the safety of dairy products improved substantially.

Dairy farmers in northern Europe discovered that heating milk fed to their calves further reduced the risk for tuberculosis in their herds, and after overcoming concerns that the new thermal pasteurization technology would corrupt the dairy industry, destroy the nutritional value of milk, and lead to serious public health problems, the same level of protection was offered to human consumers a few decades later (3,4).

More recently, thermal pasteurization has been suggested for eliminating low level contamination of juice by foodborne pathogens (5,6).

However, for the safety of solid foods that enter kitchens as raw agricultural commodities, including meat, poultry, and seafood, we continue to rely solely on animal health programs and sanitation. Therefore, as we approach the

21st century, preventable illness and death caused by vegetative bacterial and parasitic foodborne pathogens remain substantial public health problems (7,8).

Irradiation pasteurization of solid foods with low doses of gamma rays, X-rays, and electrons will effectively control vegetative bacterial and parasitic foodborne pathogens (9-11). Public concerns, similar to those raised against thermal pasteurization of milk, have been advanced in opposition to irradiation pasteurization, and it has been claimed that if we but paid more attention to sanitation and proper cooking, these products could be safely consumed without introducing new technologies.

Perhaps. However, the residual risk for infection that remains after state-of-practice sanitation during production, harvest, processing, distribution, and preparation yields an unacceptable level of illness and death. In addition, the admonition to properly cook works only if culturally acceptable food preferences do

not include undercooked and raw foods.

Increased interest (encouraged by the public health and nutrition community) in fresh produce as part of a high fiber, low fat diet, further reduces the effectiveness of proper cooking as a disease control strategy (12).

Recent outbreaks of foodborne illness associated with undercooked meat and uncooked fresh produce, and the emergence of the previously unrecognized foodborne hazards that spawned the conference whose proceedings are reported in this issue of Emerging Infectious Diseases, have stimulated interest in methods of pasteurizing solid food without altering its raw appearance and characteristics. Research is under way on a variety of promising approaches, including pulsed energy, bright light, high pressure, and other nonthermal technologies, but few are ready for immediate application (13,14; Fed Reg

61:42381-83, 1997). Irradiation pasteurization, on the other hand, is a well-established process with clearly documented safety and efficacy that can be put into widespread use as quickly as facilities can be sited and built (15).

Good practice guidelines and Hazard Analysis and Critical Control Points programs

(HACCP) can result in raw meat, poultry, seafood, and produce with sufficiently low levels of pathogen contamination that irradiation doses as low as 1 to 3 kGy yield adequate margins of safety for common foodborne pathogens such as

Campylobacter, Cryptosporidium, Escherichia coli, Listeria, Salmonella, andToxoplasma (9).

No other control for Campylobacter contamination of poultry meat is apparent, and other approaches to ground beef safety have proven inadequate to prevent intermittent low level contamination withE. coli O157:H7. Likewise, no other solutions are immediately available to control pathogen contamination of produce intended for raw consumption, and irradiation doses used appear adequate for the bacterial and parasitic pathogens involved in recent outbreaks

(Donald Thayer, pers. comm.)

The food industry appears reluctant to fully embrace irradiation pasteurization despite the obvious and painful failure of alternative approaches to prevent foodborne infections.

Much of this reluctance stems from the perception that consumers reject the process and will refuse to buy irradiated food. Indeed, surveys have shown considerable consumer confusion and ignorance about food irradiation (16), and

576

Emerging Infectious Diseases Vol. 3, No. 4, October�December 1997

Commentary

reports on public antipathy toward things radioactive abound. However, consumer surveys also demonstrate profound and growing public concern about microbial food safety, and decreasing concerns about the safety of irradiated food (17). Knowing as little about it as they appear to, approximately half of the consumers surveyed have expressed willingness to try irradiated food if it will decrease their risk for illness (16). In addition, when educated about food irradiation, 90% of survey participants expressed interest in purchasing irradiated foods; sampling such food increased interest to

99% (18).

Irradiation pasteurization is not the cure for all food safety ills. Pasteurization of any sort is no match for bad sanitation and substandard practices, and irradiation pasteurization can be overwhelmed by large numbers of pathogens.

Just as obviously, foods produced and processed under appropriate conditions that are then properly packaged and irradiated are subject to postpasteurization contamination. In addition, the doses of irradiation used to pasteurize fresh meat and poultry are not sufficient to kill bacterial spores. Thus, if anaerobic packaging is the method used to protect irradiated foods from postpasteurization contamination,Clostridium botulinum could pose a risk if the cold chain is disrupted.

Vibrio infections associated with consumption of raw molluscan shellfish can be prevented with irradiation pasteurization, but the Norwalklike viruses also frequently associated with raw shellfish appear to be more radioresistant than vegetative bacterial pathogens. Levels of irradiation an order of magnitude greater than pasteurizing doses for meat and poultry also are necessary to inactivate hepatitis A virus. To reduce the risk for foodborne hepatitis A and

Norwalk virus infections, it will be necessary to reduce the level of exposure of food to human feces. This is true regardless of whether or not foods are to be pasteurized. Although irradiation pasteurization will not eliminate all seafoodborne pathogens, it will reduce the potential of seafood to cause illness. Seafood HACCP and advances in viral diagnostics and environmental virology will help ensure that prepasteurization conditions are sufficient to yield seafood appropriate for irradiation pasteurization (19,20).

Just as thermal pasteurization works well for

liquid foods like milk and juice, but not for solid foods for which raw characteristics are desired, irradiation pasteurization works well for meat, poultry, seafood, and soft fruit, but wilts leafy vegetables and sprouts. That irradiation pasteurization does not work for every food and every pathogen is poor justification for not applying it for those food/pathogen combinations for which it has been shown to work so well.

Consumer surveys have demonstrated public concerns over worker and environmental safety that have also contributed to the reluctance of some to build and use food irradiation facilities.

These concerns are appropriate and addressable.

Because food irradiation and irradiation sterilization of nonfood items like medical supplies are so well established, proper facilities design and operating characteristics are well known. The relatively short half-life of Cobalt 60 and its insolubility in water reduce environmental concerns, which can be eliminated altogether by using electricity-generated X-rays and electron beams instead of a radioactive source. Proper education and training has protected employees of irradiation sterilization facilities; employees of food irradiation facilities should not be qualitatively different from other employees in similar industries.

Thus, a broadly applicable solution to many of our food safety problems exists and has existed for a number of decades. It is disappointing that the public health community has been so silent for so long on this issue. Faced with the liability of marketing hazardous foods, it is puzzling why the food industry has not stepped into the vacuum created by this lack of leadership from public health. Presentations at the Conference on

Emerging Foodborne Pathogens make it clear that new foodborne hazards are being stacked on top of old, unresolved food safety problems� broadly applicable solutions are desperately needed. Just as thermal pasteurization of milk protected us fromE. coli O157:H7 before we knew it was in raw milk, irradiation pasteurization can protect us from tomorrow�s emerging foodborne pathogen.

M i c h a e l T . O s t e r h o l m * a n d M o r r i s E . P o t t e r�

*Minnesota Department of Health, Minneapolis,

Minnesota, USA; and �Centers for Disease Control and Prevention, Atlanta, Georgia, USA

577

Vol. 3, No. 4, October�December 1997 Emerging Infectious Diseases

Commentary

References

1. Magruder GL. Further observations on the milk supply of Washington, D.C. JAMA 1910;55:581-9.

2. Kelley ER, Osborn SH. Further evidence as to the relative importance of milk infection in the transmission of certain communicable diseases of man. Am J Pub Health 1920;10:66-73.

3. Steele JH, Engel RE. Radiation processing of food. J

Am Vet Med Assoc 1992;201:1522-9.

4. Potter ME, Kaufmann AF, Blake PA, Feldman RA.

Unpasteurized milk: hazards of a health fetish.

JAMA 1984;252:2048-52.

5. Besser RE, Lett SM, Weber JT, Doyle MP, Barrett

TJ, Wells JG, Griffin PM. An outbreak of diarrhea and hemolytic uremic syndrome fromEscherichia coli O157:H7 in fresh-pressed apple cider. JAMA

1993;269:2217-20.

6. Millard PS, Gensheimer KF, Addiss DG, Sosin DM,

Beckett GA, Houk-Jankowski A, Hudson A. An outbreak of cryptosporidiosis from fresh-pressed apple cider. JAMA 1994;272:1592-6.

7. Foegeding PM, Roberts T. Foodborne pathogens:

risks and consequences. Ames (IA): Council for

Agricultural Science and Technology; 1994; Task

Force Report No. 122.

8. Tauxe RV. Emerging foodborne disease: an evolving public health challenge. Emerg Infect Dis 1997;3:425- 34. 9. Monk JD, Beuchat LR, Doyle MP. Irradiation inactivation of food-borne microorganisms. Journal of Food Protection 1995;58:197-208.

10. Radomyski T, Murano EA, Olson DG, Murano PS.

Elimination of pathogens of significance in food by low-dose irradiation: a review. Journal of Food

Protection 1994;57:73-86.

11. Lagunas-Solar MC. Radiation processing of foods: an overview of scientific principles and current status.

Journal of Food Protection 1995;58:186-92.

12. Foerster SB, Kizer KW, DiSogra LK, Bal DG, Krieg

BF, Bunch KL. California�s 5 a day�for better health campaign: an innovative population-based effort to effect large-scale dietary change. A J

Prevent Med 1995;11:124-31.

13. Paul P, Chawla SP, Thomas P, Kesavan PC. Effect of high hydrostatic pressure, gamma-irradiation and combination treatments on the microbiological quality of lamb meat during chilled storage. Journal of Food Safety 1997;16:263-71.

14. Shigeshia T, Ohmori T, Saito A, Taji S, Hayashi R.

Effect of high hydrostatic pressure on characteristics of pork slurries and inactivation of microorganisms associated with meat and meat products. Int J Food

Microbiol 1991;12:207-16.

15. Thayer DW, Josephson ES, Brynjolfsson A, Giddings

GG. Radiation pasteurization of food. Ames (IA):

Council for Agricultural Science and Technology;

1996; Issue Paper No. 7.

16. Resurreccion AVA, Galvez FCF, Fletcher SM, Misra

SK. Consumer attitudes toward irradiated food:

results of a new study. Journal of Food Protection

1995;58:193-6.

17. Bruhn CM. Consumer attitudes and market response to irradiated food. Journal of Food

Protection 1995;58:175-81.

18. Bruhn CM. Consumer concerns: motivating to action. Emerg Infect Dis 1997;3:511-15.

19. Jaykus LA. Epidemiology and detection as options for control of viral and parasitic foodborne disease.

Emerg Infect Dis 1997;3:529-39.

20. Garrett ES, Lima dos Santos C, Jahncke ML. Public, animal, and environmental health implications of aquaculture. Emerg Infect Dis 1997;3:453-57.