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Flowers, Russell S., Silliker Group Corp. (S0l) 

Forgey, Robin L., Cosco Wholesale (P4-17) 

Franco, Bernadette D.G.M., University of Sao Paulo 
(P2-37) 

Franken, Larry J., Kansas State University 
(Pl-42, P2-39) 

Fu, Tong-Jen, FDA (PS-26, PS-27) 

Gagnon, Melanie, Universite Laval (P2-54) 

Garry, Eileen, Advanced Instruments, Inc. (P4-40) 

Gebler, Jill, Murray Goulburn Co-op Co. Ltd. (PS-45) 

Genest, Berengere, bioMerieux (PS-24) 

Gerdes, Robert, NCFST (P2-58) 

Gilbert, Susan E., Institute of Environmental Science 
and Research Ltd (P2-17) 

Gilbreth, Stefanie E., USDA-ARS-ERRC (Pl-09) 

Glass, Kathleen A., University of Wisconsin-Madison 
(P4-46) 

Godwin, Sandria L., Tennessee State University (TS-09, 
TS-12) 

Gogus, Ugur, Middle East Technical University (T4-06) 

Goldberg, Shelley, International Food Information 
Council Foundation (S13) 

Goldman, David, USDA-FSIS-OPHS (Sl0) 

Goldsmith, Catherine, SIRA Technology (S27) 

Goodridge, Lawrence D., University of Wyoming (P2-24, 
PS-02) 

Gorris, Leon, Unilever (S04, S26) 

Graham, Christopher F., Institute of Environmental 
Science and Research (P3-53) 

Gravani, Robert, Cornell University (S20) 

Green, David, North Carolina State University (Sl 7) 

Green, Laura R., RTI International (P2-0l) 

Greig, Judy D., Public Health Agency of Canada (T3-02, 
T3-07) 

Griffith, Christopher J., Unviersity of Wales Institute, 
Cardiff (SlO) 

Groth, Edward, Groth Consulting Services (Sl3) 

Grove, Stephen F., University of Tasmania (Pl-55) 

Grover, Steven F., Burger King Corp. (S15) 

Groves, Errol, University of Vermont (PS-20) 

Gupta, Sundeep K., CDC-CID (S06) 

Gurtler, Joshua B., University of Georgia (P3-50) 

Guzewich, Jack, FDA-CFSAN (SlO, S16, S21) 

Halbrook, Brenda, USDA-FNS (T6-10) 

Hall, Paul A., Kraft Foods NA (S12) 

Han, Yingchang, Purdue University (T4-12) 

Hanning, Irene B., University of Arkansas (PS-36) 

Harring, Daniel C., Department of Defense, VETCOM 
Food Analysis and Diagnostic Lab (P4-49) 
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Harris, Linda, University of California (S16) 

Harrison, Judy A., The University of Georgia (T6-06) 

Harrison, Mark A., University of Georgia (S25) 

Harvey, Erin J., Kansas State University (P3-33) 

I-Iasiak, Robert J., USDA-FSIS-OPPED-TSC (S02) 

Hayburn, Gordon W., University of Wales Institute-
Cardiff (P3-32) 

Hefle, Sue L., University of Nebraska (S03) 

Heller, Courtney E., Colorado State University (T2-04) 

Higgins, Jennifer A., Campden and Chorleywood Food 
Research Association (P3-55) 

Hill, Thomas, FDA (S06) 

Holah, John, Campden & Chorleywood Food Research 
Association (TS-04) 

Holley, Richard A., University of Manitoba (Pl-41, S25) 

Hollingsworth, Jill, Food Marketing Institute (SlS) 

Holt, Kristin, CDC (S06) 

Hoskins, Bill, Blue Diamond Growers (Sl6) 

Hsieh, Hung-Sheng, National Taiwan Ocean University 
(P4-34) 

Hu, Yuwei, Cornell University (P4-25) 

Huang, Guangwei, Almond Board of California (Sl6) 

Hueston, William, University of Minnesota (S13) 

Hughes, Denise, DH MICRO Consulting (PS-22) 

Hussein, Hussein S., University of Nevada-Reno (Pl-19) 

Hwang, Cheng-An, ERRC-ARS-USDA (Pl-06, P4-ll) 

Isonhood, Jamie I-I., North Carolina State University 
(PS-21) 

Jacobs, Merle, Almond Board of California (S16) 

Jain, Sudeep, University of Georgia (Pl-30) 

Janes, Marlene E., Louisiana State University (Sl 7) 

Jansen, Jeffrey A., Stork Technimet (S09) 

Jaykus, Lee-Ann, North Carolina State University (S19) 

Jean, Julie, Universite Laval (P2-32) 

Jenson, Ian, Meat & Livestock Australia (P4-14, 
P4-16, S02) 

Jeong, Dong K., Kosin University (P2-51) 

Jin, Seong-Sik, Kangwon National University (P3-52) 

Jin, Yong, Seoul National University (P2-53) 

Johnson, Lee G., ConAgra Foods - Culinary (S02) 

Johnson, Faith M., The University of Tennessee (Pl-29) 

Johnson, Clinton L., Iowa State University (P2-4 7) 

Johnston, Lynette M., North Carolina State University 
(T7-01) 

Jones, Tineke H, Agriculture and Agri-Food Canada 
(P2-07) 

Jordan, Emily P., Central Veterinary Research 
Laboratory (T2-07) 

Juneja, Vijay K., USDA-ARS-ERRC (P4-23, S23) 

Karns, Jeffrey S., USDA-ARS (P4-42) 

Kawasaki, Susumu, National Food Research Institute 
(PS-29) 

Kendall, Patricia A., Colorado State University (P3-23) 
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Keskinen, Lindsey A., Michigan State University 
(T7-03) 

Khalid, Mahmoud F., Virginia State University (P3-22) 

Kikuta-Oshima, Lynne, New Mexico State University 
(PS-46) 

Killinger Mann, Karen M., Texas Tech University 
(T4-04) 

Kim, Hyung-il, Korea Food and Administration (P3-25) 

Kim, Eun-Jung, Yonsei University (P2-14, P3-29) 

Kim, Shin-Hee, Oklahoma State University (P2-23) 

Kim, Yun-Ji, Korea Food Research Institute (P3-01, 
P3-02) 

Kim, Kwang-Yup, Chungbuk National University 
(PS-47) 

Kim, Hoikyung, University of Georgia (P3-15) 

Kim, Byongki, Dankook University (P3-57) 

Kim, Gun-Hee, Duksung Women's University (P2-19) 

Kim, Jinkyung, University of Georgia (P3-16) 

Kingsley, David 1-1., USDA-ARS-MFSRU (Tl-09) 

Koram, Nana M., CDC (P4-28) 

Koseki, Shigenobu, National Food Research Institute 
(P2-12) 

Lake, Robin J., Institute of Environmental Science and 
Research (P2-16) 

Lake, Rob, ESR Food Safety Programme (S18) 

Laleye, Louis, United Arab Emirates University (S22) 

Laporte, Johanne D., Warnex Research (PS-55) 

Le Guyader, Francoise S., IFREMER (S14) 

Lenati, Raquel F., Health Canada (Pl-53) 

Leon, Juan, Emory University (S21) 

Leonard, Paul, Dublin City University (T3-ll) 

Levine, Priscilla, USDA-FSIS-OPHS (T3-08) 

Li, Jingkun, Strategic Diagnostics, Inc. (PS-12, S19) 

Li, Yanbin, University of Arkansas (PS-31) 

Liang, Arthur P., CDC (S0l) 

Lianou, Alexandra, Colorado State University (Pl-04) 

Licitra, Giuseppe, Consorzio Ricerca Filira Lattiero-
Casearia (CORFILAC) (Sll) 

Lin, Wen-Feng, National Taiwan Ocean University 
(P4-35) 

Lipschutz, Les, Food Safety Inc. (S21) 

Little, Christine L., Health Protection Agency (T3-06) 

Liu, Bin, Rutgers University (P2-09) 

Lloyd, David C., University of Wales Institute-Cardiff 
(TS-10) 

Lopes, Marissa, Institute for Environmental Health 
(T2-03) 

L6pez-Malo, Aurelio, Universidad de las Americas-
Puebla (P2-29, P2-41) 

Lortal, Sylvie, INRA-AGROCAMPUS (Sll) 

Luchansky, John B., USDA-ARS (Pl-15) 

Lynch, Michael, CDC-CID (S06) 

Ma, Yue, University of Arkansas (PS-34) 
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Mabilat, Claude, bioMerieux (P2-57, S24) 

Maduff, Wendy, University of California-Davis (P3-10) 

Mahakarnchanakul, Warapa, Kasetsart University 
(P3-11) 

Mahoney, Deon B., Food Standards Australia New 
Zealand (P4-24, P4-45, S18) 

Mai, Tam L., Auburn University (P3-37) 

Maldonado-Siman, Ema, Universidad Autonoma 
Chapingo (T6-02) 

Mann, Jason E., Texas Tech University (P4-13) 

Marks, Bradley P., Michigan State University (S02) 

Marler, William D., Marler Clark LLP, PS (TS-01) 

Marra, Paul, Wegman's Food Markets (S20) 

Marshall, Douglas L., Mississippi State University 
(P4-26) 

Mazzotta, Alejandro, McDonald's Corporation (SOB) 

McCarthy, Susan A., USDA, Gulf Coast Seafood 
Laboratory (P4-32) 

McCaskey, Patrick C., USDA-FSIS (S0l) 

McCurdy, Sandra M., University of Idaho (T6-09) 

McDonald, Malcolm, Kraft Foods (S22) 

McDonnell, Lindsey M., University of Wisconsin-
Madison (P4-39) 

McIntyre, Lorraine F., BC Centre for Disease Control 
(Pl-01) 

McMahon, Wendy A., Silliker, Inc. (PS-13) 

McMeekin, 'l'om, University of Tasmania (S02, S27) 

Meriwether, Gordon, The Uriah Group (Sl3) 

Meyer, Joseph D., Kraft Foods - Oscar Mayer (S23) 

Miller, J. David, Carleton University (Sl2) 

Min, Byungjin, Clemson University (P2-35) 

Mohan Nair, Manoj Kumar, University of Connecticut 
(Pl-51) 

Montville, Thomas J., Rutgers, The State University 
of New Jersey (PS-51) 

Moore, Ginny, University of Wales Institute-Cardiff 
(P3-36) 

Moorman, Mark, Kellogg Company (S03) 

Morgan, Charlotte A., BTF Pty Ltd. (PS-53) 

Morrow, Ruth A., University of Georgia (P4-18) 

Mukherjee, Avik, University of Minnesota (Tl-02) 

Muniz, Juan, PrimusLabs.com (S21) 

Munoz-Furlong, Anne, The Food Allergy & Anaphylaxis 
Network (S03) 

Musgrove, Michael T., USDA-ARS (T2-12) 

Mutharia, Lucy, University of Guelph (P4-41) 

Myint, Maung S., University of Illinois at Urbana-
Champaign (T2-09) 

Nagachinta, Supakana, The University of Georgia 
(Pl-16) 

Nageswara, K. R., National Dairy Development Board 
(P2-52) 

Nannapaneni, Ramakrishna, University of Arkansas 
(PS-35) 

Narang, Neelam, USDA-ARS-ERRC (Pl-40) 

Nayak, Rajesh, FDA-NCTR (PS-38) 

Nelson, Mark F., Grocery Manufacturers of America 
(S07) 

Newaj-Fyzul, Aweeda, University of the West Indies 
(T2-11) 

Newsome, Rosetta, Institute of Foo_d Technologists (Sl8) 

Niemira, Brendan A., USDA-ARS-ERRC (Pl-33, P2-40) 

Nightingale, Kendra K., Cornell University (T3-12) 

Nightingale, Stephen, Burntside Partners, Inc. (S27) 

Odumeru, Joseph A., University of Guelph (Pl-14, 
PS-18) 

Okull, Derrick, Pennsylvania State University (P3-26) 

Olds, David A., Iowa State University (PS-43) 

Olin, Stephen S., ILSI Risk Science Institute (S07) 

Olmsted, Stephanie, Safeway Inc. (S20) 

Om, Ae-Som, Hanyang University (P2-03, P2-18) 

Orozalieva, Ainura, Iowa State University (P2-42) 

Orozco, Leopoldo, Universidad Autonoma de Queretaro 
(P3-l 7) 

Oscar, Thomas P., USDA-ARS (P2-08, TS-08) 

Painter, John, CDC-NCID-DBMD (P4-29, Sl8) 

Pal, Amit, University of Minnesota (Pl-03) 

Pangloli, Philipus, The University of Tennessee (Pl-26) 

Paoli, Greg, Decisionalysis Risk Consultants, Inc. (S18) 

Papafragkou, Efstathia, North Carolina State University 
(Pl-57) 

Park, Byung Kyu, CJ Corp. (P3-27, P3-28) 

Park, Geunwoo, University of North Carolina-Chapel 
Hill (P3-30) 

Park, Yong Ho, Seoul National University (P2-25, P2-26) 

Parton, Adrian, Matrix MicroScience (PS-28) 

Pearson, James L., Virginia Division of Consolidated 
Laboratory Services (S0l) 

Perez, Nytzia E., CDC (T3-05) 

Perni, Stefano, Loughborough University (Pl-44) 

Peters, Adrian, University of Wales Institute, Cardiff 
(S04) 

Pinheiro, Leonardo B., Macquarie University (PS-52) 

Pittet, Jean-Louis, bioMerieux (PS-01, PS-16, PS-44) 

Plante, Michelle L., Health Canada, Food Branch 
(Pl-58, Pl-59) 

Plante, Daniel, Warnex Research (P3-47) 

Podtburg, Teresa C., Ecolab Inc. (Pl-46) 

Popa, Iuliano, Michigan State University (P3-09, Tl-07) 

Powell, Mark R., USDA (TS-03) 

Pradel, Jean-Michel, bioMerieux (PS-23) 

Preston, Dawn N., University of Wisconsin-Madison 
(P4-10) 

Prince, Gale, The Kroger Company (S03) 

Pritchard, Todd Jay, University of Vermont (Sl3) 

Pyle, Barry, Montana State University (S19) 
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Quicho, Joemel M., Virginia Tech (P2-44) 

Quindere, Josie, TECRA Internatinoal Pty Ltd. (P4-48) 

Raiden, Renee M., Virginia Tech. (T2-02) 

Rajabi, Masoumeh, University of Florida (Pl-35) 

Rajkowski, Kathleen T., USDA-ARS-ERRC-FSITRU 
(P3-51) 

Redmond, Elizabeth C., University of Wales Institute-
Cardiff (T6-03, T6-05) 

Restaino, Lawrence, R & F Laboratories (Pl-49) 

Richards, Gary P., USDA-ARS (P4-27) 

Richards, Glenner M., University of Georgia (Pl-52) 

Rico, Emilia E., BCN Research Laboratories, Inc. (Sl2) 

Risch, Sara, Michigan State University (S09) 

Rivas, Lucia, Food Science Australia (Pl-20) 

Roberts, Tanya, USDA-ERS (S26) 

Roche, Jean-Marc, bioMerieux (PS-19) 

Rodrigo, Shelly, University of the West Indies (P4-08) 

Ross, Tom, University of Tasmania (S02) 

Rudgers, Nathan L., National Association of State 
Departments of Agriculture (SOI) 

Ruengwilysup, Chaowaree, Kansas State University 
(Pl-43) 

Rumbeiha, Wilson K., Michigan State University (S07) 

Ryu, Jee-Hoon, University of Georgia (Pl-4 7) 

Ryu, Kyung, Yonsei University (P3-34) 

Sadler, George D., National Center for Food Safety and 
Technology (S07) 

Sagoo, Satnam K., Health Protection Agency (P4-44) 

Salimbene, Mark, Safeway Inc. (S27) 

Salter, Robert S., Charm Sciences, Inc. (P2-06) 

Sandel, Bonnie B., ST Associates (P4-56) 

Santerre, Charles R., Purdue University (S07) 

Santiago, Lilia M., University of Tennessee (P2-49) 

Sayler, Allen, International Dairy Foods Association 
(SOS) 

Schaffner, Donald W., Rutgers University (S02) 

Schallibaum, Melchior, Agroscope Liebefeld-Posieux 
(ALP) (Sll) 

Schlitt-Dittrich, Frank, University of California-Davis 
(P3-13) 

Schmidt, Ron, University of Florida (SOS, S21) 

Schneider, Keith R., University of Florida (PS-10) 

Scott, Jenny, Food Products Association (SlO) 

Se, Chea Yun, Kemin Industries (Asia) Pte. Ltd. (P2-50) 

Selman, Carol A., CDC (SlO) 

Seo, Kun-I-Io, FDA-CFSAN-OPDF (P4-06) 

Shafaie, Yassaman, Rutgers University (P3-07) 

Shaw, Jr., William K., USDA (Pl-45) 

Sheth, Mini, The M. S. University of Baroda (P3-04) 

Shim, Won-Bo, Gyeongsang National University (P2-ll) 

Shin, Dong-Hwa, Chonbuk National University (P2-30) 

Simmons, Karen W., University of Georgia (Tl-10) 
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Simonne, Amy H., University of Florida (T6-07) 

Simpson, Catherine A., Colorado State University 
(Pl-25) 

Sims, Steve, FDA (S09) 

Skowronski, Danuta, Univesity of British Columbia 
Center for Disease Control (S14) 

Slade, Peter J., Illinois Institute of Technology (P4-37) 

Smart, Chris, University of Vermont (Pl-56) 

Smith, Matthew C., Center for Ocean Technology 
(TS-11) 

Smith DeWaal, Caroline, Center for Science in the 
Public Interest (Pl-23, T3-03) 

Snyder, 0. Peter, Hospitality Institute of Technology 
and Management (T6-12) 

Sofos, John N., Colorado State University (S23) 

Solomon, Ethan B., USDA-ARS-ERRC (Pl-48) 

Son, Insook, USDA-ARS-RRC (P2-02) 

Song, Kwang-Young, University of Maryland 
(P4-02, P4-20) 

Srebernich, Silvana Mariana, Pontiffcia Universidade 
Cat6lica de Campinas (P3-12) 

Sreevatsan, Srinand, Ohio State University (S19) 

Stam, Christina N., North Carolina State University 
(Pl-37) 

Starbird, S. Andrew, Santa Clara University (S26) 

Stephens, Peter J., Oxoid Limited (Pl-50, PS-17) 

Stephens, Tyler P., Texas Tech University (Pl-38, 
PS-04) 

Stevens, Jacob H., University of Tennessee-Knoxville 
(P3-46) 

Stopforth, Jarret D., Institute for Environmental Health 
(T2-02, T7-02) 

Stoffers, Chuck, Safeway, Inc. (S27) 

Strange, Catherine, Whole Foods Market (Sll) 

Stratton, Jayne E., University of Nebraska-Lincoln 
(P4-03) 

Sutherland, Peter S., NSW Food Authority (Sll) 

Swanson, Katherine M. J., Ecolab (S15, S23) 

Taabodi, Maryam, University of Maryland Eastern 
Shore (P4-07) 

Tamplin, Mark L., USDA-ARS (S02) 

Tanus, Carlos A., Kansas State University (P2-45, 
P2-46) 

Taormina, Peter J., John Morrell & Co. (TS-07, T7-05) 

Tart, Alan, FDA (S20) 

Tassinari, Adriana dos Reis, 3M do Brasil Ltda (P3-48) 

Tauxe, Robert, CDC (S22) 

Taylor, Thomas M., University of Tennessee (P2-38) 

Taylor, Willie J., University of Tennessee (PS-37) 

Ten Eyck, Toby, Michigan State University (Sl3) 

Thammasuvimol, Grace, U.S. Food and Drug 
Administration (PS-56) 

Thompson, Leslie K., Kansas State University (T4-05) 
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Thongson, Chitsiri, Kasetsart University (P2-55) 

Tokarskyy, Oleksandr, Mississippi State University 
(T4-02) 

Tompkin, Bruce, (S08) 

Tong, Jennifer, United Fresh Fruit and Vegetable 
Association (S21) 

Tortorello, Mary L., FDA (P3-45, PS-40, PS-41) 

Tranchant, Carole C., Universite de Moncton (P3-05) 

Trivedi, Suvang U., University of Georgia (Pl-39) 

Trtanj, Juli M., National Oceanic and Atmospheric 
Administration (Sl 7) 

Trudil, David P., New Horizons Diagnostics Corp. 
(P3-49) 

Tsai, Yung-Hsiang, Tajen Institute of Technology 
(P4-36) 

Tumbleson, Mike E., Univeristy of Illinois (S12) 

Turner, Nicola J., Institute of Environmental Science 
and Research Limited (P4-53) 

Tverberg, John, Metals and Materials Consulting 
Engineers (S09) 

Uesugi, Aaron R., University of California-Davis (P3-18, 
P3-19) 

Valentin-Bon, Iris E., FDA-CFSAN-DHHS-PHS (P4-05) 

Van Kessel, Jo Ann S., USDA-ARS, (Pl-07) 

van Schothorst, Michie! (John H. Silliker Lecture) 

Vega, Everardo M., Texas A&M University ('l'l-08) 

Vierk, Katherine, FDA-CFSAN (S03) 

Vinje, Jan, University of North Carolina (Sl4) 

Vizcarra-Olvera, Jesus-Enrique, Universidad de Sonora 
(P3-56) 

Vojdani, Jazmin D,, CDC (Tl-11) 

von Holy, Alex, University of the Witswatersrand 
(P3-40) 

Vorst, Keith L., Michigan State University (T7-04) 

Wakenight, Trent, Michigan State University (SlO) 

Walker, Ken R., Auburn University (PS-54) 

Walls, Isabel, ILSI Risk Science Institute (TS-02) 

Wang, Hong, University of Arkansas (PS-30) 

Weinsetel, Natalia A., Iowa State University (P2-36) 

Wendorf, Michael E., Neogen Corporation (PS-09) 

White, David, FDA (S06) 

Wiedmann, Martin, Cornell University (SlS, S24) 

Williams, Karen E., University of Maryland-College Park 
(PS-48) 

Williams, Leonard L., Alabama A&M University (P2-28) 

Wirtanen, Gun L., VTT Biotechnology (P4-38, T6-11) 

Wolff, Phillip, USDA (SOS) 

Wong, Teck Lok, Institute of Environmental Science 
and Research (T2-06) 

Woodruff, Rachel, CDC (T3-04) 

Woody, Jon, FDA (SlS) 

Wright, Anita C., University of Florida (P4-30) 

Wu, Felicia, University of Pittsburgh (P4-54) 

Wu, Vivian C.H., University of Maine (P2-31) 

Yan, Zhinong, Michigan State University (P2-04, P2-05, 
PS-14, TS-06) 

Yang, Zheng-You, Gyeongsang National University 
(PS-42) 

Yiannas, Frank, Walt Disney World (S03, S20) 

Yoon, Yohan, Colorado State University (Pl-02, Pl-22) 

Zaidi, Mussaret Bano, Hospital General O'Horan 
(P4-0l) 

Zhang, Guodong, University of Georgia (Pl-36) 

Zhang, Yifan, University of Maryland (Pl-08) 

Zhang, Wei, University of Wisconsin-Madison (P3-54, 
P4-47) 

Zweifel, Claudio, Vetsuisse Faculty University of Zurich 
(Pl-18, Pl-27) 
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Ivan Parkin Lecture Abstract 

Food Safety 2005: Results Come Easy -
Answers are Elusive 

~ttelekteb Ay 
Douglas L. Archer, Ph.D. 

Professor and Past Chair 
Food Science and Human Nutrition Department 

University of Florida 
Gainesville, Florida, USA 

Under any circumstances and in any 
discipline, writing a scholarly review 
is a daunting task. In food micro­

biology and ecology, it becomes more 
difficult when one examines carefully the 
myriad of methods applied to a problem, 
the details omitted from the methods and 
materials section, the lack of culture 
standardization, and a host of other 
variables that make direct comparison of 
any two studies nearly impossible. Single 
studies, however, are relatively easy to 
conduct, and thus, the facts come easy. 
Taking the problem one step further, what 
if the basis for most microbiological studies, 
the colony forming unit, was found to be a 
flawed concept? Historically we have had 
faith in the tenet that if we plate on the 
correct medium, we can grow and count 
the bacteria we want to count. In the late 
1970s, the viable but non-culturable theory 
challenged that belief. The nature of the 
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viable but non-culturable phenomenon is 
still hotly debated, but not so much if it is 
real as what is the mechanistic basis for its 
occurrence. In either case, we have not 
examined food systems or the ecosystems 
within the entirety of the food chain with 
the fact in mind that we may not be seeing 
everything that is there. If we can't see it, 
should we still worry about it? Added to 
the other variables often omitted from the 
methods and materials section, what data 
can we trust, and should data be collected 
differently in the future? This question may 
become more important to regulatory 
agencies worldwide as they strive for mutual 
recognition of systems, and the regulatory 
questions become more complex. Without 
giving some consideration to standardization 
of studies on the ecology and microbiology 
of the food chain, the answers are sure to be 
elusive. 
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John H. 5illiker Lecture Abstract 

Managing the Safety 
of Food in International 'frade 

~~e,ei.teb &v 
Michiel van Schothorst, Ph.D. 
Retired Vice President, Food Safety Affairs 

Nestle 
Vevey, Switzerland 

The safety of food in international 
trade is governed by the WTO/SPS 
agreement. This agreement has 

adopted the Standards, Codes and Guide­
lines of the Codex Alimentarius as reference 
documents. This means that foods in 
international trade must be produced, 
prepared, distributed, etc. in accordance 
with the Good Hygienic Practices and 
HACCP as described in the Codex docu­
ments. Whether this is the case has 
to be checked by the local food control 
(inspection) authority according to the 
Codex documents on inspection and 
certification of foods for export. When the 
exporting food control system is considered 
to be equivalent to the one of the importing 
country, border controls can be minimized. 

Experience has learned that the applic­
ation of HACCP varies widely and that GHP 
documents are not always sufficiently clear 
to prevent differences in interpretation. 
Expressions such as "when needed" and 
"where appropriate" are widely used in 
such texts. Even the SPS agreement uses 
a concept which may lead to dispute (i.e., 
that imported food should not endanger a 
country's "appropriate level of protection" 
[ALOP]). However, one notion in the SPS 
agreement is very clear: sanitary ( control) 

measures should be scientifically based; risk 
assessment is in particular mentioned in this 
respect. 

The concept of ALOP, which refers to 
the level of a particular foodborne disease 
in a country, is difficult to work with in an 
international food chain setting; the concept 
of a Food Safety Objective (FSO) offers an 
alternative. Risk ssessment allows convert­
ing ALOP into a FSO: the level of a hazard 
in a food at the time of consumption. For 
many foods, a Performance Objective (PO), 
the level of the hazard in a food at other 
points in the food chain, can be related 
to a FSO. The FSO/PO offers industry and 
governments a clear target which needs 
to be met in order to assure the undisputed 
safety or acceptability of a product. 

The last draft of the Codex document 
on Microbiological Risk Management recog­
nizes also the existence of a Performance 
Criterion (PC), i.e., the change in level 
of a hazard that will assure that a FSO 
of PO is met. Such PCs can be validated, 
guaranteeing the scientific basis of control 
measures. In this manner, auditing (inspect­
ing) the application of Good Hygienic Pract­
ices and HACCP becomes a reliable tool 
to assure the safety of food in trade and 
provides the required level of consumer 
protection of imported foods. 
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Pl-01 
DSC 

Pl-02 
DSC 

Detection of Listeria monocytogenes Associated Febrile Gastroenteritis during Investigations 
of Foodborne Outbreaks 

LORRAINE MCINTYRE, Joe Fung, Carol Shaw, Ana Paccagnella, Monika Naus, Laura MacDougall, 
and Judith L. Isaac-Renton, BC Centre for Disease Control, 655 W. 12th Ave., Vancouver, BC, V5Z 
4R4, Canada 

Listeria monocytogenes was identified in cheese products in two foodborne outbreaks in British 
Columbia. In both outbreaks, a total of 52 clinical fecal specimens were collected from individuals who had 
a history of eating the contaminated cheese and which met the case definition (consumption of cheese followed 
by symptoms of bacteraemia, meningitis or febrile gastroenteritis). Fecal specimens were enriched for L. mono­
cytogenes in Listeria Enrichment Broth (LEB) for 24 to 48 h and plated onto Listeria-specific media (PALCAM 
and Oxford media), following the Health Canada MFHPB-30 method. Other methods included detection of 
Listeria antigen in LEB by use of a visual immunoprecipitate test, VIP (BioControl Systems), and rapid detec­
tion (less than 4 h) of suspect colonies on selective media by use of AccuPROBE Listeria (Gen-Probe). Listeria 
was also detected in fecal specimens held at 4°0 in LEB before culture (once cheese consumption and symp­
toms were verified). In the first outbreak, 6 of 26 fecal specimens were positive for L. monocytogenes, as well 
as 2 cases of bacteraemia in pregnancy with miscarriage and 2 cases of meningitis. In the second outbreak, 
no invasive cases were reported; however, 14 of 26 fecal specimens were positive for L. monocytogenes. For 
positive fecal specimens associated with these outbreaks, the average time reported for the onset of illness after 
cheese consumption was 7.4 days (range 0.5 to 25 days), with specimens submitted an average of 7 days (range 
1 to 27 days) after symptoms began. All clinical fecal specimens positive for L. monocytogenes matched the 
serotype (4b) and PFGE pattern detected in the suspect cheese vehicles. These investigations provide evidence 
that Listeria is an important cause of febrile gastroenteritis and that the application of food detection methods 
to clinical fecal specimens for the detection of Listeria during suspect foodborne illness investigations has 
merit. 

Modeling the Growth/No Growth Interface of Listeria monocytogenes in Ready-to-Eat 
Products as a Function of Lactic Acid Concentration and Dipping 'Ilme and Storage 
TemJJerature 

YOI-IAN YOON, Ifigenia Geornaras, Ioanna M. Barmpalia, Patricia A. Kendall, Keith E. Belk, 
John A. Scanga, Gary C. Smith, and John N. Sofas, Colorado State University, Dept. of Animal 
Sciences, Fort Collins, CO 80523-1171, USA 

The objective of this study was to model the growth/no growth boundaries of Listeria monocytogenes 
in ready-to-eat (RTE) products as a function of lactic acid (0, 1, 2, 3, or 4%) and dipping time (0, 1, 2, 3, 
or 4 min), and storage temperature ( 4, 7 or 10°0). A 10-strain composite of L. monocytogenes was inoculated 
(2 log CFU/cm2) on frankfurters, turkey breast, and bologna slices. Samples were treated by dipping and were 
stored in vacuum packages for up to 60 days, depending on product and temperature. Bacterial populations 
were determined on tryptic soy agar plus 0.6% yeast extract and PALCAM agar at time-zero, and the middle 
and end point of storage. Significant (P s 0.05) increases (0.5 to 0.9 log CFU/cm2

) in bacterial counts during 
storage were designated as "growth," while non-significant changes in counts were designated as "no growth." 
The growth response data were modeled with logistic regression to determine growth/no growth interfaces. 
The model generated was used to develop a probability of growth prediction computer program with Java 
programming language. Growth potential and inhibitory activity varied with product type (increasing growth: 
frankfurters > turkey breast > bologna), while the minimum inhibitory concentration of lactic acid decreased 
with increasing dipping time. Storage at low temperatures ( 4 or 7°C) allowed inhibition at shorter dipping 
times. The study provides quantitative data on the antimicrobial effect of lactic acid, and the model and 
prediction computer program developed may be useful in selecting appropriate lactic acid concentrations 
and dipping times in RTE product processing for adequate control of L. monocytogenes. 
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Comparison of Growth mnetics of Listei·ia monocytogenes RibotYJ>es Linked to Listel'iosis 
at the Low-temperature Range 

AMIT PAL, Theodore P. Labuza, and Francisco Diez-Gonzalez, University of Minnesota, 1334 
Eckles Ave., St. Paul, MN 55108, USA 

Research was conducted to measure differences in growth kinetics of different Listeria monocytogenes 
strains in liquid growth media at refrigeration and mildly-abuse temperatures. A total of 19 L. monocytogenes 
food or animal isolates with distinct ribotype or serotype implicated in listeriosis cases were selected and 
grown in tryptic soy broth (TSB) with initial inoculum levels less than 1 CFU/ml. Growth of all the strains was 
determined at 4°0, 8°0, or 12°0 in duplicate. Sample aliquots from TSB were spread plated onto tryptic soy 
agar supplemented with 1 g/1 esculin monohydrate and 0.5 g/1 ferric ammonium citrate (efTSA) and incubated 
at 37°C. Simple linear regression on the exponential part of the growth curve was performed to evaluate 
growth rate constants by use of the Monod model. The average growth rate constants of the 19 strains ranged 
from 0.021 to 0.043 h-1, 0.083 to 0.107 h-1, and 0.129 to 0.171 h-1 at 4°0, 8°0, and 12°0, respectively. 
Statistically significant differences (P < 0.05) were observed among several groups of strains, but no single 
strain was consistently slower or faster than the rest at the three temperatures. The range in growth rate was 
greater at 4°0 (2-fold) than at 8°0 (1.3-fold) and 12°0, but the variability was smaller at higher temperatures. 
Because of the growth rate differences at the studied temperatures, the current results stress the importance 
of using multiple strains to develop predictive food microbiology models and quantitative microbial risk 
assessments. 

Growth and Stress Resistance Variation of Listei•ia monocytogenes Strains from Clinical, 
Food, Animal and Environmental Sources 

ALEXANDRA LIANOU, Jarret D. Stopforth, Yohan Yoon, Martin Wiedmann, and John N. Sofos, 
Colorado State University, Dept. of Animal Sciences, Fort Collins, CO 80523-1171, USA 

Listeriosis is generally associated with certain serotypes of Listeria monocytogenes and virulence varia­
tion among strains may be present. The objective was to compare 25 L. monocytogenes strains, including 
clinical, food, animal and environmental isolates, for differences in growth potential and in heat and acid 
resistance, as well as to assess potential correlation of these properties with origin and serotype of strains. 
Growth (4 and 30°0) in tryptic soy broth supplemented with 0.6% yeast extract was evaluated by plating on 
tryptic soy agar supplemented with 0.6% yeast extract (TSAYE). Broth cultures were exposed to 55°0 or pl-I 3.0 
(85% lactic acid) for up to 240 and 120 min, respectively, and survivors were determined on TSAYE supple­
mented with 0.1% sodium pyruvate. Growth differences among strains were less notable at 30 than at 4°0, 
where growth rates (d·1) ranged from 0.28 ± 0.03 to 0.43 ± 0.01, and lag phase durations (LPD; d) from 0.48 ± 

0.08 to 6.25 ± 1.41. No clear trends were evident within serotypes, as LPD for serotype 4b varied from 0.48 ± 

0.08 to 4.92 ± 0.84, nor among strains of different origin, catalase reaction or source of isolation within a 
single outbreak. Strain variation was also observed in acid and heat resistance. Thermal death rates (min-1) 

ranged from -0.023 ± 0.004 to -0.052 ± 0.003; outbreak-related isolates, however, showed no shoulder periods 
during heating. The findings of this study should be useful in strain selection for evaluation of antimicrobial 
alternatives, and for completion of risk assessments. 

Pl-05 Competitive Aerobic Growth between Listeria monocytogenes and Pseudomonas 
aeruginosa in Broth or S1>0ilage Flora in Milk 

ANTONIO J. DE JESUS and Richard C. Whiting, FDA-CFSAN, 5100 Paint Branch Pkwy., 
Room 4E-013, HFS-302, College Park, MD 20740-3835, USA 

The kinetics of Listeria monocytogenes (Lm) in the presence of competing microflora were investigated 
in two systems. For the broth experiments, nine combinations of initial concentrations of L. monocytogenes 
( 6, 4, and 2 log CFU/ml) and Pseudomos aeruginosa (Pa) ( 6, 4, and 2 log CFU/g) were grown in Brain Heart 
Infusion broth (BHI) at 12°0. Lm were enumerated on Modified Oxford Listeria agar and Pa on MacConkey 
Agar. In the milk experiments, three different initial concentrations of Lm (2, 0, and -1 log CFU/g) were grown 
in fresh pasteurized milk (spoilage flora 2 log CFU/ml) at 7°C. Growth data were fitted to a three-phase linear 
function to determine lag phase duration (LPD), stationary phase (SP) and exponential growth rate (EGR). 
When initial concentrations were below enumerable levels, the EGR was extrapolated back to the known 
inoculum level to estimate the lag phase. No significant differences (P > 0.05) were observed in LPDs or EGR's 
for either microorganism at any inoculum in the broth system. The time to reach the Lm SP was not affected 
by Pa. Only the SP levels of Pa were notably suppressed by Lm reaching its SP. In milk, no significant differ­
ences were observed in the LP's or EGR's among the three Lm inocula. Lm continued to grow after the spoilage 
flora reached its maximum level; however, the SP reached by the low Lm inocula was reduced compared to the 
high inocula. This study suggests that for aerobic competition, the relative cell numbers between L. mono­
cytogenes and a generic competitor have little relevance and any models of competition must be based on 
specific production of lactic acid, bacteriocins, siderophores or other inhibitors. 
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Pl-06 The Behavior of Listeria monocytogenes in Ham Salad and Potato Salmi as Affected 
by the Mayonnaise pH and Storage Temperature 

CHENG-AN HWANG, ERRC-ARS-USDA, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

Deli salads have a relatively high incidence of contamination by Listeria monocytogenes. The objective 
of this study was to examine the behavior of this pathogen in ham salad and potato salad as affected by the 
pH of mayonnaise and storage temperature. Cooked ham and potato were inoculated with an 8-strain cocktail 
of L. monocytogenes and mixed with mayonnaise adjusted to pH 3.8, 4.2, or 4.6. The cell counts of L. mono­
cytogenes in salads during storage at 4°, 8°, or 12°C were used to model the behavior ofL. monocytogenes in 
ham salad and potato salad. At each storage temperature, L. morwcytogenes was able to grow in ham salad but 
not in potato salad. The growth rates (GR) of L. monocytogenes in ham salad stored at 4°, 8°, and 12°C ranged 
from 0.0079 to 0.124, 0.0247 to 0.0339, and 0.0414 to 0.0458 log CFU/h, respectively. The GR of L. mono­
cytogenes in potato salad stored at 4°, 8°, and 12°C ranged from -0.0115 to -0.210,-0.0138 to -0.0286, and 
-0.0265 to -0.0414 log CFU/h, respectively. A significantly longer lag phase duration (LPD, h) ofL. mono­
cytogenes in both ham salad and potato salad was observed at lower storage temperatures. Mathematical 
models that described the GR and LPD of L. monocytogenes in ham salad and potato salad as a function 
of mayonnaise pH and storage temperature were produced. 

Pl-07 Subtyping Listeria monocytogenes from Bulk Tank Milk Using Automated Repetitive 
Element-based PCR 

Pl-08 
DSC 

JO ANN S. VAN KESSEL, Jeffrey S. Karns, Lisa Gorski, and Michael L. Perdue, USDA-ARS, 
Environmental Microbial Safety Laboratory, BARG-East, Beltsville, MD 20705, USA 

A total of 65 Listeria monocytogenes strains from raw milk were analyzed, using an automated repetitive 
element-based PCR system to examine the utility of this system for serotype grouping and to determine if 
regional relationships could be identified. Results of the similarity analysis revealed three primary clusters. 
Isolates in Cluster 1 represented serogroups 1/2a, 1/2b, 4b, 3b, and 4c. Cluster 2 exclusively contained 
serogroup 1/2a isolates, although two 1/2a isolates were also found in each of Clusters 1 and 3. Cluster 3 
contained only four isolates from serogroups 1/2a (2), 1/2b (1), and 4c (1). Clusters 1 and 2 were separated 
at a relative similarity of 86% and these two clusters had < 65% similarity with Cluster 3. Cluster 3 isolates 
were shown to be more similar to Cluster 1 and 2 isolates than to L. ivanovii and L. seeligeri, and less similar 
to Cluster 1 and 2 isolates than L. welshimeri, L. grayi, and L. innocua. When rep-PCR fingerprints of the 
L. monocytogenes 1/2a isolates were compared, regional grouping was not apparent. However, discrimination 
between isolates suggests that this method might have utility in tracking£. monocytogenes 1/2a. It appears 
that the automated rep-PCR method used could not discriminate between serotypes 1/2b and 4b, but it has 
the potential for discriminating between L. monocytogenes 1/2a isolates and may be useful for differentiating 
1/2a isolates from other serovars and for tracking isolates within this serotype. 

Characterization of Listeria monocytogenes Isolated from Deli Meats and Retltil Chickens 
YIFAN ZHANG, Emily Yeh, Yuelian Shen, Grace Hall, Jennifer Cripe, Arvind Bhagwat, and Jianghong 
Meng, University of Maryland, Dept. of Nutrition and Food Science, 0112 Skinner Building, College 
Park, MD 20742, USA 

A total of 167 Listeria monocytogenes isolates were obtained from deli meats, conventional and organic 
chicken, and conventional and organic fresh produce samples. Strain characterization was carried out by 
serogroup identification and pulsed-field gel electrophoresis (PFGE). A broth microdilution method was 
followed to test the antimicrobial susceptibility profile of these strains. All isolates obtained belonged to 
5 different serogroups. About 41% of the isolates were from serogroup 1/2b, 3b, followed by 32% from 
serogroup 4b, 4d, 4e, 26% from serogroup 1/2a, 3a, 1.2% from serogroup 1/2c, 3c and 0.6% from serogroup 
4a, 4c. The identification of potential serotype 4b from all food categories, especially from organic chicken 
products, raised a public health concern, because serotype 4b has been the number one serotype associated 
with clinical isolates. One hundred and six PFGE patterns were identified among all 167 isolates, suggesting 
a very diverse population of L. monocytogenes genotypes. Percentages of resistance to ciprofloxacin, tetracy­
cline, sulfonamide, and nalidixic acid were 1.8%, 9%, 73%, and 100%, respectively. Multiple resistances were 
observed in 82% of the isolates. These findings indicated thatL. monocytogenes in food were diverse and 
might have originated from different sources, and that multiresistantL. monocytogenes were present in food 
products. 

Pl-09 Pulsed-field Gel Electrophoresis and Serotyping of Listeria monocytogenes Isolated from 
Ready-to-Eat Foods 

STEFANIE GILBRETH, Jeff Call, F. Morgan Wallace, Virginia Scott, Yuhuan Chen, and John 
Luchansky, USDA-ARS-ERRC, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

Pulsed-field gel electrophoresis (PFGE) and serotyping were performed on 544 isolates of Listeria mono­
cytogenes: 502 isolates recovered from 577 contaminated products from among 31,705 ready-to-eat food 
(RTE) samples and 42 isolates recovered from human cases of listeriosis. Isolates were from Maryland (294) 
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and California (250) and were collected in 2000 and 2001. Based on the presence/absence and pattern of 
bands, there were 139 distinctAscI fingerprint/pulsotypes (percent relatedness among strains ranged from 
.a: 25%-100%). Analyses by Dice similarity coefficient and UPGMA associated these 139 pulsotypes into 15AscI 
pulsogroups (.a: 70% relatedness within each group). Approximately 46% of the isolates were associated into 
pulsogroup A (141 food plus 1 clinical) or pulsogroup B (102 food plus 4 clinical). The majority (86%) of the 
food isolates were either serotype 1/2a (293 isolates) or 1/2b (137 isolates), whereas the majority (71%) of the 
clinical isolates were either serotype 1/2a (16 isolates) or 4b (14 isolates). Additionally, 15 clinical isolates 
displayed pulsotypes found in food isolates. Of these 15, two isolates displayed the same pulsotype; however, 
the remaining 27 clinical isolates had unique pulsotypes. There was no appreciable difference in the pulsotype 
or serotype of the isolates based on geography or seasonality. These data indicate that the predominant 
L. monocytogenes isolates found in the RTE foods sampled displayed relatively few pulsotypes and only two 
serotypes and that these serotypes/pulsotypes were not found as often in clinical samples. 

Pl-10 Ultraviolet Light for the Inactivation of Listeria monocytogenes in Recycled Chill B1ines 

JOELL EIFERT, Susan Sumner, Robert Reinhard, Wafa Birbari, and John Russell, Virginia Tech, 

Dept. of Food Science, 0418 Duckpond Drive, Blacksburg, VA 24061, USA 

Ready-to-eat meat products have been implicated in several foodborne listeriosis outbreaks. Microbial 
contamination of these products can occur after the product has been thermally processed and is rapidly 
chilled using salt brines. The objective of this study was to determine the effect of ultraviolet irradiation on the 
inactivation of Listeria monocytogenes and lactic acid bacteria in a model brine temperature-controlled chiller 
system. Commercially used brine was separately inoculated with a ~6.0 log CFU/ml of L. monocytogenes or 
lactic acid bacteria cocktail and passed through an ultraviolet (UV) treatment system for 18 h. Samples were 
taken aseptically every 15 min for the first h, every half h for the proceeding h and then every h until h 
eighteen. Brine temperatures within the chiller were maintained at 30'F +/- l'F. Three replications of each 
bacteria were performed and resulted in a 5-log reduction in microbial numbers in all treated brines after 
exposure to ultraviolet light. Bacterial populations were significantly reduced after 60 min of exposure to UV 
light as compared to the control, which received no UV light exposure (P < 0.05). Overall, results indicate 
that inline treatment of chill brines with ultraviolet light (UVC) inactivates L. monocytogenes and lactic acid 
bacteria. The use of ultraviolet energy may prove to be beneficial for effectively controlling pathogens in 
recycled chill brines without interrupting the chilling operation. An inline ultraviolet system could be used 
in a hazard analysis and critical control points plan. 

Pl-11 Mutations in CRP/FNR Family of Regulatory Genes in Listeria monocytogenes Do Not Alter 
the Heat Resistance of the P,1thogen 

DARRELL 0. BAYLES and Gaylen A. Uhlich, USDA-ARS-ERRC, 600 E. Mermaid Lane, Wyndmoor, 
PA 19038, USA 

The availability of whole genome sequencing data for Listeria monocytogenes has created opportunities 
for exploring the role that unique genomic features have in food safety and pathogenesis. A surprising feature 
of the L. monocytogenes genome is the presence of 15 regulatory genes in the Crp/Fnr family. By comparison, 
Escherichia coli has two regulators in this family and Bacillus subtilis has one. We constructed single 
transposon mutants for 12 of the 15 L. monocytogenes Crp/Fnr regulators, using site specific recombination. 
Since the gene networks controlled by these regulators is currently undetermined, each of the 12 Crp/Fnr 
mutants and the wild type strain were heat challenged at 60'C by use of an immersed-coil heating apparatus to 
determine if these L. monocytogenes Crp/Fnr mutants demonstrated altered heat tolerance. All the test strains 
of L. monocytogenes were independently grown to stationary phase in brain heart infusion broth and were heat 
challenged in four separate trials. The thermal inactivation curves were modeled to calculate the underlying 
mean and mode of the heat resistance distribution for each mutant strain, and each mutant strain was com­
pared to the wild type strain by use of Dunnett's test to adjust for the multiple comparisons. All the Crp/Fnr 
mutant strains tested had heat resistance characteristics similar to the wild type strain (adjusted 
P > 0.05), indicating that mutations in these Crp/Fnr genes neither increased nor decreased the sensitivity 
of L. monocytogenes to mild heat. Additional tests are under way to further elucidate the regulatory role of 
these L. monocytogenes Crp/Fnr genes. 

Pl-12 Prevalence of Listeria SJJecies in Street-vended, Ready-to-Eat Foods in Alexandria, Egypt 

MOUSTAFA EL-SHENAWY and Mohamed El-Shenawy, National Research Center, Dokki-Cairo, 
Cairo, 12311, Egypt 

A total of 576 street-vended, ready to eat foods, including sandwiches and dishes of traditional foods, were 
examined for the presence of Listeria spp. Overall, 24% of foods were found to contain the bacteria; however 
L. monocytogenes was isolated from only 14%. Most of the Listeria spp. isolated were L. monocytogenes 
(57%), followed by L. innocua (39%), with lower numbers of the other species. Potentially hazardous levels 
of L. monocytogenes ( defined as .a: 103 CFU/g) were found in 7% of the total examined food samples, including 
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meat, poultry, dairy products, seafood and foods of plant origin. Most samples contaminated with L. mono­
cytogenes had high levels of total viable counts. Preventive actions and measures should be taken to prevent 
contamination by such organisms. 

Pl-13 Im1>act of Antibiotic Stress on Acid and Heat Tolerance and Virulence Factor Production 
of Escherichia coli 0157:H7 
REHA ONUR AZIZOGLU and Mary Anne Drake, North Carolina State University, Dept. of Food 
Science, Box 7624, Raleigh, NC 27695, USA 

Antibiotics are used in livestock for therapy, disease prevention, or growth promotion. Studies have 
indicated that some antibiotics may increase virulence of Escherichia coli O157:H7. This study was con­
ducted to determine the effect of antibiotic stress on virulence factor production, simulated gastric fluid (SGF, 
pH 1.5) survival, and heat tolerance (56'C) of E. coli O157:I-I7. The minimum inhibitory concentration (MIC) 
for three antibiotics (trimethoprim, ampicillin, and ofloxacin) was determined for two E. coli 0157:1-17 strains, 
using the dilution series method. Subsequently, cells were stressed at the MIC for each antibiotic for 4 h, and 
post stress tolerance and virulence factor production were evaluated. Heat tolerance (56'C) was determined 
by use of the capillary tube method, and SGF (pH 1.5) survival was used to assess acid tolerance. Virulence 
factor production (Sti!C, Hly, EaeA) was evaluated by the creation of lacZ gene fusions followed by use of the 
Miller assay (a a galactosidase assay). Stressed and control cells were evaluated in triplicate. MIGs were: 0.26 
mg/I for trimethoprim, 2.05 mg/I for ampicillin and 0.0256 and 0.045 mg/I for ofloxacin in each strain, respec­
tively. Heat tolerance and SGF survival following antibiotic stress decreased compared to control cells (P < 0.05). 
Exposure to ofloxacin increased Sti!C and Hly production (P < 0.05) but had no effect on EaeA. Exposure to 
ampicillin or trimethoprim increased J-Ily production (P < 0.05). EaeA and Sti!C production increased when 
cells were stressed with trimethoprim (P < 0.05). Antibiotics can increase E. coli O157:I-I7 virulence factor 
production but do not produce a cross-protective response to heat or decreased pH. 

Pl-14 Survival of Lineage I and II Isolates of Eschericliia coli 0157:H7 in Acid 
Yagin Li, Robin McKellar, Mansel Griffiths, and JOSEPH A. ODUMERU, University of Guelph, 
Agriculture and Agri-Food Canada, Laboratory Services Div., Dept. of Food Science, 95 Stone 
Road W., Guelph, ON, Nll-I 8J7, Canada 

Two distinct groups of E. coli 0157: H7, lineage I consisting of mainly human isolates and lineage II 
consisting of bovine isolates, have been proposed. However, there is limited information available on the 
relative survivability of lineage I and II strains of E. coli 0157: I-I7 in acid environments. Therefore, the 
survival of 5 randomly selected strains belonging to each of lineage I and lineage II were examined in acid 
media. Cells were incubated in tryptic soy broth (TSB) at pH 3.5 without glucose at either 4'C for up to 21 
days, or room temperature for up to 7 days. Cells were also exposed to synthetic gastric fluid (SGF) at pH 
2.5 and 37°C for 4 h. The effect of prior acid adaptation in TSB containing 1% (wt/vol) glucose for 18 hon 
survival in SGF at 37°C for up to 8 h was also investigated. The survival of non-acid adapted lineage II isolates 
was significantly higher (P < 0.05) than that of lineage I isolates under all conditions tested. However, follow­
ing acid adaptation, the difference in the survival rate of the two lineages in SGF at 37°C was not significant 
(P > 0.05). Thus factors other than acid tolerance may account for the host specificity of lineages I and II 
strains of E. coli O157:I-I7. 

Pl-15 Blade-tenderization of Beef Sub1nimals Inoculated with Eschericliia coli 0157:H7 
Jeffrey E. Call, Randall K. Phebus, 1-Iarshavardhan Thippareddi, and JOHN B. LUCI-IANSKY, 
USDA-ARS, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

We evaluated the penetration of Escherichia coli Ol57:H7 (ECOi-I) from the lean-side surface to 
the interior of a beef subprimal during a single pass (lean-side up), inoculated at ca. 0.6 to 3 log CFU/cm2, 

through a mechanical blade-tenderizer. A second set of inoculated subprimals were not tenderized (positive 
controls). Ten core samples were removed from each tenderized subprimal and cut into six consecutive 
segments starting from the inoculated side: segments 1 to 4 represent the top four cm of the core and seg­
ments 5 and 6 represent the deepest four cm. Ten cores were obtained from control subprimals but only 
segment 1 was sampled. Each segment was weighed, diluted, and blended. The slurry was plated onto Sorbitol­
MacConkey agar plates. Data for two trials at each inoculum level were averaged. The levels of ECOH recov­
ered from the core surface of control subprimals were 0.6, 1.46, 2.44, and 3.15 log CFU/cm2

, respectively. The 
extent of penetration of the pathogen into segment 1 at these four inoculum levels was 0.22, 1.06, 2.04, and 
2. 7 log CFU/g, respectively. The levels recovered in segment 2 were at least seven-fold lower than levels in 
segment 1; however, depending on the inoculum level, it was possible to recover ECOH from all six segments. 
These results demonstrate that mechanical tenderization can transfer ECOH into the interior of a subprimal, 
most ( ca. 40%) of which remains in the top segment. This information, coupled with proper cooking, can 
enhance the safety of blade-tenderized steaks that may become contaminated with ECOI-I. 
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Chamcterization of Cytolethal Distending Toxin-JJl'oducing Escherichia coli 

SUPAKANA NAGACHINTA and Jinru Chen, The University of Georgia, Dept. of Food Science 
and Tech., 1109 Experiment St., Griffin, GA 30223-1797, USA 

Cytolethal distending toxin is a toxic bacterial protein that targets the nucleus of eukaryotic cells, causing 
cell cycle arrest, cell distention, and eventually cell death. In this study, a total of 150 Escherichia coli strains, 
all from our laboratory collection, were examined for cdtA, one of the toxin genes, with PCR amplification 
analysis. CdtA-positive strains were further screened for additional virulence genes such as eaeA, stxl, and 
stx2, as well as for possible antibiotic resistance markers. Additionally, the plasmids isolated from a strain of 
E. coli O157:H7 and O15:H27 were analyzed with restriction enzymes, and the cdtA PCR product amplified 
from the strain of O15:H27 was sequenced. Of the 150 cultures, 14 tested positive for cdtA. They include 
E.coli strains with serotypes of O15:H27, O55:H7, O55:H9, O91:H21, O103:H2, O111:H-, O113:H21, 
O126:H7, O128:H, O157:H7, O157:H-, O163:H19, OR:I-1-, and 091 with an unknown H antigen. Each of the 
cdtA-positive strains carried stxl and/or stx2, and the strains with serotypes O55:H7, O103:H2, 0157 :H-, and 
OR:H- also tested positive for eaeA. The antibiotics to which the cdtA-positive E. coli were most commonly 
resistant include novobiocin and streptomycin. The plasmid of the E. coli 0157 :H7 strain appeared to have 
a size greater than 10 kb, while the plasmid of the E. coli O15:H27 strain had a predicted size of 5-6 kb. The 
cdtA PCR product amplified from the strain of E. coli 015:1-127 was found to share 99% homology with the 
sequence of cdt-lII on plasmid pVIR carried by E. coli O15:H21 strain 85. 

Identification of Shiga Toxin 2d Variants in Escherichia coli Isolated from Animals, 
Food and Humans 

SHENGHUI CUI and Jianghong Meng, University of Maryland, 0112 Skinner Bldg., College Park, 

MD 20742, USA 
Shiga toxin-producing Escherichia coli (STEC) are important foodborne pathogens and can cause life­

threatening complications, such as hemolytic-uremic syndrome (HUS) or thrombocytopenic purpura (TTP). 
Shiga toxins (Stx) are major virulence factors identified in STEC, and Stxl and Stx2. Different Stx2 variants 
have been identified, such as Stx2c, Stx2d, Stx2e and Stx2f. To determine the presence of the most virulent 
stx2 variant stx2d in E. coli, we screened 146 stx2 positive STEC isolates by PCR. Isolates containing stx2d 
variants were further confirmed by sequencing the amplified stx2 gene products. We identified six stx2d 
positive STEC that belonged to five different non-O157 serotypes. The isolates contained two point mutations 
(F938S and K955E) in subunit A and three point mutations in subunit B (Al009V, D1074N, and D1099A) 
which were identical to the point mutation in the stx2d sequence deposited in the GenBank (accession 
number AF479829). Our results indicate the presence of stx2d variant in non-O157 STEC isolates in food 
and animals and may have potential impact on public health. 

Pl-18 Fecal Shedding of Non-0157 Shiga Toxin-JJl'oducing Eschericliia coli (STEC) and Eschericliia 
coli 0157 in Fattening Pigs at Slaugbter in Switzerland 

CLAUDIO ZWEIFEL, Martin Kaufmann, Sandra Schumacher, Lothar Beutin, and Roger Stephan, 
Vetsuisse Faculty University of Zurich, Institute for Food Safety and Hygiene, Winterthurerstrasse 

272, Zurich, 8057, Switzerland 

Since a high degree of genetic relatedness between 0101 strains harboring stx2e of human and porcine 
origin was demonstrated, the role of pigs as asymptomatic carriers of STEC needs further research. Fecal 
samples from slaughtered fattening pigs were examined by polymerase chain reaction for stx (STEC, n = 458) 
and rjbE (0157, n = 400). Strains were isolated by colony hybridization and were further characterized. The 
proportion of positive samples was 10% for stx and 7% for rjbE. The 32 isolated STEC strains (31 sorbitol­
positive) belonged to non-O157 STEC and comprised ten serotypes (O8:H9; O9:H-; O65:H-; O100:H-; O103:H2; 
O141:Hl 7; O159:H-; ONT:H-; ONT:Hl0; ONT:Hl9), three of them (09:1-1-; 0100:1-1-; ONT:I-1-) accounting for 
69% of strains. Stxl, stx2, and both toxin genes were detected in 3%, 97%, and 0% of strains. Among stx2-
positive strains, 29 were positive for stx2e, one for stx2/stx2e, and one for stx2c!stx2e. One strain of serotype 
0141 harboring stx2e andfedA (fimbria Fl8) contained a virulence pattern typically associated with diarrhea 
or oedemic disease in pigs. None of the strains belonged to serogroup 0101, and in only one strain harboring 
stxl, eae (intimin) and ehxA (Enterohemolysin), which are strongly correlated with human disease, were 
identified. Moreover, among the 18 isolated Escherichia coli 0157 strains, 17 were positive for sorbitol fermen­
tation, all were negative for stx, and one (sorbitol-negative) was positive for eae and ehxA. Therefore, the fact 
is emphasized that E. coli with the 0157 antigen are not always STEC. 

Pl-19 Prevalence of Sbiga Toxin-producing Escherichia coli in Dairy Cattle 

HUSSEIN S. HUSSEIN, Toshie Sakuma, Laurie M. Bollinger, Mark R. Hall, and Edward R. Atwill, 
University of Nevada-Reno, Dept. of Animal Biotech., Mail Stop 202, Reno, NV 89557, USA 

The safety concern with foods of bovine origin emerged two decades ago and increased in recent years 
because of the growing number of human infections with Shiga toxin-producing Escherichia coli (STEC). 
These infections result in illnesses such as diarrhea, hemorrhagic colitis, and hemolytic uremic syndrome. 
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Dairy cattle are considered reservoirs of 0157 and non-O157 STEC. Because contamination of raw milk, 
cheese, and ground beef from dairy cattle poses a significant risk to humans, this study was designed to 
determine effects of season and animal factors on STEC prevalence in dairy cattle. In four large dairy farms 
(averaging 713 cows and heifers) in California, 614 fecal samples were collected from Holstein cows (n = 465) 
and heifers (n = 149) in the summer and fall of 2004. The prevalence rates of STEC ranged from 0.7 to 2.7%. 
No effects on prevalence rates of STEC were found for the season, age (cows vs. heifers), or days in milk (1 to 
60, 61 to 150, or~ 151 days). However, an increase in prevalence rate of STEC was detected for the second 
lactation vs. other lactations (4.6 vs. 0.8%). The STEC isolates belonged to 12 STEC serotypes (Ol:H2, 
O125:HUT, O136:HUT, O146:I-151, O158:HUT, O166:H6, O166:H28, OUT:H5, OUT:Hl9, OUT:I-128, OUT:I-141, 
and OUT:HUT). Of these, 3 (E. coli Ol:I-I2, O166:I-128, and OUT:I-I19) are known to cause human illnesses and 
6 (E. coli O136:I-IUT, O146:I-151, O158:HUT, O166:I-16, OUT:H5, and OUT:H41) have not been reported previ­
ously in dairy cattle. Interestingly, E. coli 0157 isolates were not found in the cattle tested. 

Pl-20 Attachment of Shiga Toxigenic Escherichia coli to Beef Muscle and Fat Tissue 
DSC LUCIA RIVAS, Narelle Fegan, and Gary A. Dykes, Food Science Australia, Cnr Wynnum 

and Creek Roads, Cannon Hill, Brisbane, QLD, 4173, Australia 

Pl-21 
DSC 

Shiga toxigenic Escherichia coli (STEC) are important foodborne pathogens causing gastrointestinal 
disease worldwide. Successful bacterial attachment to food surfaces may lead to persistence and possible 
foodborne disease. A variety of STEC isolates, includingE. coli O157:H7/I-I- strains, were grown in planktonic 
(broth) and sessile (agar) culture and the initial attachment to beef muscle and fat tissue was determined. 
Viable counts were used to determine loosely and strongly attached cells and the strength of attachment (Sr) 
was calculated using these counts. Attachment counts were greater on fat tissue than on muscle tissue for all 
STEC isolates. On muscle tissue, viable counts obtained for strongly attached cells (planktonic and sessile) 
differed significantly (P:,;; 0.05) among STEC isolates, while counts for loosely attached cells varied significantly 
(P:,;; 0.05) among STEC isolates for planktonic culture only. On fat tissue, in contrast, viable counts obtained 
for strongly attached cells (planktonic and sessile) were not significantly different (P ~ 0.05) among STEC 
isolates, while counts for loosely attached cells were significantly different (P s 0.05) among STEC isolates. Sr 
values were not significantly different (P ~ 0.05) between STEC isolates for all assays. In addition, all bacterial 
isolates grown in sessile culture attached in greater numbers to muscle and fat tissue than those in planktonic 
cultures. Our study suggests that STEC, grown in planktonic and sessile culture, behave differently with 
respect to attachment to muscle and fat tissue. Cells in sessile culture may have a greater potential to strongly 
attach to meat surfaces. 

Simultaneous Examination of Oxidative Stress Response and Virulence Gene Expression 
in Escherichia coli O157:H7 Exposed to Hydrogen Peroxide 
KEVIN ALLEN and Mansel Griffiths, University of Guelph, Guelph, ON, NlG 2Wl, Canada 

Despite considerable efforts by the food industry, Escherichia coli O157:H7 continues to pose a signifi­
cant threat to consumers. Exposure to sublethal stresses in foods and processing environments may have 
preparatory effects, resulting in increased survival and subsequent transmission through the food chain to 
humans. To determine if oxidative stress elicits a preparatory response, E. coli O157:H7 was subjected to 
1 and 2.5 mM hydrogen peroxide (H2O2

). cDNA microarrays were used to generate a transcriptional profile. 
A total of 124 genes (stress response, drug resistance, and virulence) were included. Exposure to 1 mM I-Ip

2 
resulted in significant upregulation of eight genes. Five were associated with acid resistance, one with oxida­
tive stress, and two with virulence (stxAB). At 2.5 mM I-Ip2, 28 genes were significantly upregulated. Genes 
related to acid resistance, drug resistance, general stress response, oxidative stress, osmolarity adaptation, and 
starvation were induced. Also, five virulence genes (ler, lpfA, stxAB, and a putative enterotoxin { (ShET2)} 
were upregulated. ELISA-based shiga-toxin (Stx2) assays revealed significantly more Stx2 in cultures sub­
jected to H2O2

• The results of this study demonstrate a genomically diverse transcriptional response to Hp
2 exposure that may better prepare E. coli O157:H7 for adverse conditions. Further, the induction of Stx2 

production, coupled with the upregulation of the locus of enterocyte effacement regulator, ler, may signifi­
cantly increase the virulence of E. coli O157:H7 post-exposure to Hp 2. 

Pl-22 Production of Autoinducer-2 in Escherichia coli O157:H7 Inoculated Fresh Beef or Purge 
and Interaction with Level of Natural Flora 
YOI-IAN YOON and John N. Sofos, Colorado State University, Dept. of Animal Sciences, 
Fort Collins, CO 80523-1171, USA 

This study examined factors that may affect production of autoinducer-2 (furanosyl borate diester; AI-2) 
by Escherichia coli O157:H7 in fresh beef or purge. Beef strips (4x4xl om) were prepared to contain low 
(LNB; 0.7 log CFU/om2

; cut after dipping inside rounds in 85°C water) or high (I-INB; 3.0 log CFU/ cm2 ; no 
dipping) levels of natural flora, while meat purge samples were prepared by filtering (0.45 µm; LNP) or without 
filtering (HNP). Two levels (2 or 6 log CFU/cm2 [beef strips] or ml [purge]) of E. coli O157:I-I7 ATCC43895 
were inoculated in samples. Inoculated beef strips were stored aerobically or in vacuum packages and purge 
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samples were stored statically at 4, 10 or 25'C for 21, 18 and 9 days, respectively. Relative AI-2 activity, as a 
potential indicator of quorum sensing, was determined using the luminescence-based reporter strain Vibrio 
harveyi BBl 70, and bacterial populations were determined on tryptic soy agar and sorbitol McConkey agar 
supplemented with cefixime and potassium tellurite during storage. AI-2 activity was produced earlier and to 
higher levels in inoculated purge than in beef. In general, E. coli O157:H7 showed higher relative AI-2 activity 
in LNP than in HNP at 10 and 25'C. Also, E. coli O157:H7 showed higher relative AI-2 activity in LNB than 
in HNB, but only at 25'C. Aerobically stored beef slices had higher relative AI-2 activity than those stored 
anaerobically at 25'C. The results of this study indicated that AI-2 production by E.coli O157:H7 depends 
on level of natural flora, presence of oxygen, substrate composition, and storage temperature. 

Pl-23 The Most Common Non-beef Foods Linked to Eschericliia coli O157:H7 Outbreaks 

CAROLINE SMITH DEWAAL and Giselle C. Hicks, Center for Science in the Public Interest, 
1875 Connecticut Ave. NW, #300, Washington, D.C. 20009, USA 

Pl-24 
DSC 

Escherichia coli O157:H7 (E. coli O157:H7) causes an estimated 73,000 foodborne illnesses and 2,100 
hospitalizations per year (CDC). The Center for Science in the Public Interest (CSPI) maintains a foodborne 
illness outbreak database, categorized by food vehicle. CSPI's database was compiled from sources such as the 
Centers for Disease Control and Prevention (CDC), state and local health departments, and medical and 
scientific journals. The database is updated regularly, and contains only outbreaks with known or suspected 
etiology and food vehicles. While the majority of E.coli O157:H7 outbreaks are linked to undercooked beef, 
we identified the most common non-beef foods linked to E. coli 0157:1-17 outbreaks. Between 1998 and 2002, 
there were 130 E.coli O157:H7 outbreaks, involving 3,548 cases. Forty percent (n = 55) of these were linked 
to non-beef products. The most common non-beef food sources were produce items (n = 19) including 
romaine and iceberg lettuce, other salads, grapes, pears and fruit salad. Produce outbreaks constituted thirty­
five percent of the non-beef E. coli 0157 :H7 outbreaks, and twenty-eight percent of the cases. As the principal 
reservoir for E.coli 0157:1-17 is cattle, produce outbreaks are likely due to cross-contamination by beef or 
cattle by-products (such as manure) somewhere in the food production chain. However, unlike beef, produce 
is often not subject to cooking or another final kill step prior to consumption. While cooking improvements 
might reduce the outbreaks linked to ground beef, they have effect on those caused by cross-contamination, 
either on the farm or in food production. 

The Effects of Anael'Obic Incubation and Organic Acids on the Survival of Escherichia coli 
O157:H7 at pH 3,2 

KRISTIN BJORNSDOTTIR and Fred Breidt, North Carolina State University, 322 Schaub Hall, 
Box 7624, Raleigh, NC 27695-7624, USA 

Escherichia coli O157:H7 has caused disease outbreaks in acid foods that are typically stored under 
anaerobic conditions. Our objectives were to investigate the effects of anaerobic incubation and selected 
organic acids on the survival of E.coli O157:H7. E. coli 0157:1-17 was grown in TSB supplemented with 1% 
glucose to induce acid resistance. Acid challenge was carried out in 96-well micro-plates or test tubes at pl-I 
3.2. During acid challenge, cells were incubated aerobically, with the dissolved oxygen naturally present in 
solution, or in an anaerobic hood, at 25'C with 5 mM D- or L-lactic acid, and/or 40 mM acetic acid (based 
on fully protonated species). Under aerobic conditions, acetic acid reduced E. coli 0157:1-17 viable cell counts 
by 5.5 logs or more in 6 h. When D-lactic acid was added to the acetic acid solution, only a 0.6 log reduction 
occurred. We also found thatE. coli 0157:1-17 survived better at pl-I 3.2 under anaerobic conditions than 
aerobic conditions. When cells were challenged aerobically with L-lactic acid, a 5.5 or greater log reduction 
was observed in less than 3 h. Only a 2 log reduction in viable counts was observed when similar solutions 
were incubated for 24 h in the anaerobic hood. Results indicate that both anaerobic conditions and D-lactic 
acid can increase the survival of E. coli O157:H7 at pH 3.2. Understanding the effects of organic acids on the 
survival of microbial food pathogens will aid in the safe production of acid foods and acidified foods. 

Pl-25 Sources of Beef Contamination with Escherichia coli O157:H7 from Feedlot to Harvest Floor 

DSC C. A. SIMPSON, K. Childs, W. Warren-Serna, K. E. Belk, J. N. Sofos, J. A. Scanga, and G. C. Smith, 
Colorado State University, 3148 Birmingham Drive, Fort Collins, CO 80526, USA 

The objective of this study was to examine sources and routes of cattle contamination with Escherichia 
coli 0157:1-17 from feedlot to slaughter. Hide samples and associated colon fecal samples were collected from 
market-ready steers/heifers at three feedlots which were sent to one of two corresponding packing facilities 
in the Midwestern region or from three feedlots and one corresponding packing facility in the Southwestern 
region of the U.S., until a total of 25 hide samples were confirmed positive for E. coli 0157:1-17 in each region. 
Companion samples were also collected from pen feces, water tanks, feed bunks, loading chutes, and truck 
trailers. At the corresponding packing plant, samples were collected from holding pens, pen water tanks, 
restrainers, hides, and colons. Sample groups were designated as either companion samples, hide samples 
or colon samples, and were analyzed in order: hides, followed by colons that were associated with E. coli 
0157:1-17 positive hides, and companion samples derived from hide positive cattle lots. Samples were screened 
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for E. coli 0157 using enrichment, immunomagnetic bead separation and plating on Sorbitol MacConkey agar 
supplemented with cefexime and potassium tellurite, and on Rainbow-plus agar. Presumptive E. coli O157:H7 
colonies were confirmed by agglutination as well as biochemically. As an example, 25 positive hide samples 
from the Midwestern region were associated with eight positive colons, while companion positive samples 
included eight pen feces, two loading chutes, one feedlot water tank, one feedbunk, three truck trailers, two 
plant pen water tanks, and one plant pen sample. Potential origin of contamination and routes of transmission 
will be determined through molecular characterization of isolates by multiplex PCR and PFGE. 

Pl-26 Molecular Characterization of Escliericliia coli 0157:H7 Isolates from Dairy Farms in the 
Northwestern United States 

PHILIPUS PANGLOLI, F. Ann Draughon, Stephen P. Oliver, Dale D. Hancock, and Daniel Rice, 
The University of Tennessee, Food Safety Center of Excellence, Dept. of Food Science and Tech., 
Agricultural Experiment Station, Knoxville, TN 37996, USA 

Automated ribotyping offers rapid and sensitive molecular characterization of pathogens, which is very 
useful for epidemiological investigation. The objective of this experiment was to identify and characterize 
Escherichia coli O157:H7 isolates obtained from dairy farms across the Northwestern United States to 
determine if isolates were transitory or persistent and to determine the genetic relatedness of isolates. Isolates 
of E. coli O157:H7 (n = 69) were obtained from samples collected from 1991 to 1995. Isolates were biochemi­
cally and serologically characterized and were ribotyped in the DuPont Qualicon Automated RiboPrinter, using 
Eco RI restriction enzyme. Cluster analysis was performed based on degree of similarity of band patterns, using 
molecular analyst software to produce a dendrogram. E. coli O157:H7 isolates were classified into 23 different 
ribogroups. The majority of isolates (n = 51) were 85 to 98% similar to the DuPont Identification Number in 
the Qualicon Riboprinter database. Cluster analysis produced 25 genetically distinct groups with 90% similar­
ity cutoff. Molecular subtyping of isolates showed persistence of some isolates on farms over several years. 
There was also significant similarity of isolates regionally, indicating the potential for a common source of 
E.coli O157:H7 in the region. 

Pl-27 Phenotypic and Genotypic 'Iraits of Non-0157 Shiga Toxin-producing Escliericliia coli (STEC) 
Isolated from Ruminants in Switzerland 

CLAUDIO ZWEIFEL, Jesus E. Blanco, Miguel Blanco, Jorge Blanco, and Roger Stephan, University 
of Zurich, Institute for Food Safety and Hygiene, Vetsuisse Faculty, Winterthurerstrasse 272, 
Zurich, 8057, Switzerland 

In view of the increasing importance of non-O157 STEC as emerging foodborne pathogens in Europe and 
their high prevalence in ruminants in Switzerland, 42 bovine and 60 ovine STEC strains isolated from fecal 
samples of slaughtered healthy animals were characterized by phenotypic and genotypic traits. All strains 
were sorbitol-positive and belonged to non-O157 STEC. Bovine strains comprised 26 O:I-I serotypes, four of 
them (O103:H2, O113:H4, O116:I-I-, ONT:H-) accounting for 38% of strains. Ovine strains comprised 19 O:H 
serotypes, five of them (O87:H16, O91:I-I-, O103:H2, O128:H2, O176:I-14) accounting for 68% of strains. Nine 
bovine (38% of strains) and eight ovine (52% of strains) serotypes have previously been associated with HUS. 
Stxl, stx2, and both toxin genes were detected in 43%, 48%, and 9% of bovine, and in 25%, 22%, and 53% of 
ovine strains. Among stx2 variants, stx2 (63%) and stx2c (33%) dominated in bovine, and stx2d (80%) in ovine 
strains. Enterohemolysin (ehxA), intimin (eae), and autoagglutinating adhesin (saa) were present in 21%, 17%, 
and 19% of bovine, and in 60%, 13%, and 67% of ovine strains. In strains from cattle, four (1, 1, 2/,), and in 
strains from sheep, two (1,) eae variants were identified. Only one bovine strain of serotype O145:I-I-, and four 
ovine strains of serotype O103:I-I2 and O121:I-Il0 showed virulence patterns of highly virulent human strains. 
Therefore, to assess the potential pathogenicity of strains for humans, determination of virulence factors is 
important. Nevertheless, STEC isolates with less virulent patterns cannot be ruled out as a possible source of 
milder disease. 

Pl-28 Com1,arison of Ribotype Patterns with the Presence of Pathogenic Genes from a Diverse 
Escliei•icliia coli Ol57:H7 Population 

DARIO PEREZ CONESA, Carl A. Doane, Harold A. Richards, Philipus Pangloli, John R. Mount, and 
F. Ann Draughon, University of Tennessee, Food Safety Center of Excellence, Dept. of Food Science 
and Tech., 2605 River Drive, 105 Food Safety and Processing Bldg., Knoxville, TN 37996-4591, USA 

The objective of this research was to molecularly characterize a diverse population of Escherichia coli 
O157:I-17 obtained from eighteen farms (beef cattle, dairy cattle, poultry, and swine) across five states (CA, 
WA, NC, TN, AL). Sixty-four isolates of E. coli O157:I-17 were obtained from rectal swabs, animal feed, and 
bedding materials over a period of twenty-four months. E. coli O157:I-17 isolates were ribotyped and grouped 
by degree of pattern similarity. Real-time PCR was then used to determine the presence of three key pathoge­
nicity genes (stxl, stx 2, and eae). The results from the ribotyping and rtPCR were compared. Isolates from 
TN, NC, and AL were more diverse than those from WA and CA. Most of the E. coli O157:I-17 isolates did not 
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contain the pathogenic genes. The majority of isolates were clustered into three major groups. Two of these 
groups were predominantly found on the west coast (one group isolated from swine, the other from beef 
cattle). The third major group was recovered from four of the five states, In the third group, eleven of twelve 
isolates (92%) contained genes associated with pathogenicity and seven isolates had the potential to cause 
infection ( contained eae and at least one stx gene). Isolates of potentially pathogenic E. coli O157:H7 with a 
high degree of molecular relatedness were widely distributed geographically in the United States in a variety 
of animal species and farm environments. 

Inactivation of Eschericliia coli O157:H7 in Ap11le Cider with Elevated Temperature Storage 
and Dimethyl Dicarbonate 
FAITH M. JOHNSON, Ashley S. Pedigo, and David A. Golden, The University of Tennessee, 
Dept. of Food Science and Tech., 2605 River Drive, Knoxville, TN 37996-4591, USA 

Elevated temperature storage and dimethyl dicarbonate (DMDC) were evaluated for reducing Escherichia 
coli O157:H7 and natural microflora populations in unpasteurized apple cider. E.coli 0157:1-17 (4-strain 
mixture) was inoculated into apple cider (7 log CFU/ml) containing O (control) or 250 ppm DMDC. Cider was 
held at 4 (control), 45, 50, or 55'C for up to 72 h, then moved to 4'C when microflora were no longer detected. 
Apple cider was plated in duplicate on media and incubated as follows: tryptic soy agar + 25 ppm natamycin 
(TSAN; 37°C, 48 h); yeast and mold agar+ 10 ppm chloramphenicol (YMC; 25'C, 48 h); and modified eosin 
methylene blue agar (MEMB; 37°C, 48 h) for enumeration of aerobic bacteria, yeasts, andE. coli O157:H7, 
respectively. Holding cider (0 and 250 ppm DMDC) at 50 and 55'C reduced bacterial, yeast, and E. coli 
O157:H7 populations to non-detectable levels after 2 h; these populations were not detectable in cider held for 
4 hat 45'C. Bacteria in cider containing DMDC held at 4'C had a> 3-log decrease after 72 h, while control 
samples had populations of> 6 CFU/ml. At 4'C, yeasts were reduced to non-detectable levels in cider contain­
ing DMDC after 4 h, but were recovered at> 4-log CFU/ml after 72 h in control cider. At 4'C, yeasts were 
reduced to non-detectable levels in cider containing DMDC after 4 h, but were recovered at > 4-log CFU/ml 
after 72 h in control cider. E. coli 0157:1-17 populations were reduced to non-detectable levels after 4 h in cider 
containing DMDC at 4'C, but persisted at> 6 log CFU/ml in control cider. Holding cider at 45 to 55'C provides 
greater than a 5-log reduction of E. coli O157:H7 within 4 h. Since indigenous bacteria and yeasts are also 
inactivated, use of preservatives such as DMDC may not be necessary to ensure subsequent stability during 
refrigerated storage. 

Antibiotic Resistance Profiles and Cell Surface Components of Salmonellae of Poultry Origin 
SUDEEP JAIN and Jinru Chen, University of Georgia, Dept. of Food Science and Tech., 
1109 Experiment St., Griffin, GA 30223, USA 

Salmonellae were isolated from raw, chilled, retail poultry meats using the procedures outlined in the 
Bacteriological Analytical Manual and Microbiology Laboratory Guidebook. The isolates were tested for their 
resistance to 12 different antibiotics, as well as their ability to produce thin aggregative fimbriae and/or 
cellulose, two of the important surface components associated with cell attachment and biofilm formation. 
The sensitivity of the salmonellae to the antibiotics was determined with a disc diffusion assay by following 
the NCCLS M31-A2 guidelines. Of 52 Salmonella isolates, 48.0% were resistant to one antibiotic, 9.6% to two, 
7. 7% to three, 11.5% to four, and 9.6% to five antibiotics. Additionally, 3.8% of the tested isolates were resistant 
to up to nine of the antibiotics. The antibiotics to which the isolates were most commonly resistant include 
novobiocin (98.0%), streptomycin (34.6%), oxytetracycline (26.9%), and tetracycline (26.9%). The isolates 
were grown on LB no salt agar supplemented with Congo red/Calcofluor in order to determine whether they 
produced thin aggregative fimbriae and/or cellulose. Cells producing thin aggregative fimbriae formed brown 
colonies (bdar), while those producing cellulose formed pink colonies (pdar). Cells expressing both surface 
components formed red, dry, and rough colonies (rdar), whereas, those producing neither thin aggregative 
fimbriae nor cellulose formed smooth and colorless colonies (saw). Of the total 52 Salmonella cultures, 25 
were bdar, 16 saw, 10 rdar, and 1 was pdar morphotype. The findings of this study suggest that salmonellae 
of poultry origin have the abilities to resist multiple antibiotics and synthesize thin aggregative fimbriae and/or 
cellulose. 

Pl-31 Cross-protection of Salmonella Typhimurium Heat Shocked by Acid and Oxidative Stressors 
JUNG-FIL CHOI, Young-Duck Lee, Bo-Youn Moon, Eun-Ju Kim, Bong-Soo Noh, and Jong-Hyun Park, 
Kyungwon University, Dept. of Food and Bioengineering, San 65, Bokjung-Dong, Sujung-Gu, 
Songnam-Si, Kyunggi-Do, 461-701, Republic of Korea 

Microbes are injured by stressors such as heat, acid, freezing, oxidation, and osmotic pressure. However, 
non-appropriate treatments result in survival of some microbes such as Salmonella under stressful conditions. 
The present study evaluated the effects of acid and oxidative stress on cross-protection of heat-shocked S. 
Typhimurium. Either acid or oxidative stress affected the survival of S. Typhimurium heat-shocked at 56'C for 
1 h and non heat-shocked. Both non and heat shocked strains were eliminated at pl-I 3, while only non heat­
shocked were eliminated at pH 4. S. Typhimurium non heat-shocked resulted in reduction of detectable level 
of 4~6 log CFU/ml while heat-shocked showed detectable level of 1~2 log CFU/ml under the presence of BHP 
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of 18ul/ml. Two dimensional gel electrophoresis resulted in 11 proteins from S. 'fyphimurium heat­
shocked which were also maintained or expressed from non heat-shocked. Both acidic and oxidative condi­
tions also resulted in identical patterns of protein expressed by 2D gel electrophoresis. Proteins from S. Typhi­
murium heat-shocked were identified as DnaK, ClpB and small heat shock protein by MALDI-TOF MS. The 
higher adaptation of S. 'l'yphimurium heat-shocked resulted in more adaptation to other stresses. The present 
results indicate that the combination of heat shock and acid or oxidative stress did not eliminate S. Typhimur­
ium; therefore it is suggested that cross-protection of S. 'fyphimurium in stressful conditions should be 
controlled by hurdle technology appropriately designed in food processing. 

Pl-32 Survival of Esclierichia coli 0157:H7, Salmonella spp. and Listeria monocytogenes 
in Cranberry Juice Concentrates 
ELENA ENACHE and Yuhuan Chen, Food Products Association, 1350 I St. NW, Suite 300, 
Washington, D.C. 20005, USA 

Survival of Escherichia coli 0157 :H7, Salmonella spp. and Listeria monocytogenes was studied in 
cranberry juice concentrates to determine if a 5-log reduction might be achieved without any other treatment. 
Inactivation at 0'C in concentrates with different Brix levels was determined for a five-strain composite of 
the individual pathogens in two physiological states. In concentrates at 18 to 46 Brix (pH 2.2-2.4), all three 
pathogens (stationary phase or acid-adapted cells) showed at least 5-log reduction after 6 or 24 h incubation. 
At 14 Brix (pH 2.5), a greater than 5-log reduction was obtained for L. monocytogenes and Salmonella spp, 
but not for E. coli O157:H7 after up to 24 h incubation. All three pathogens survived longer in stationary 
phase than in acid-adapted phase under the same conditions. The most resistant was stationary phase E. coli 
O157:H7 and the most sensitive was acid-adapted£. monocytogenes. The highest log reduction occurred in 
the most concentrated product evaluated, which suggests that the Brix level and/or some intrinsic compounds 
may play an important role in the bactericidal properties of cranberry juice concentrates. 

Pl-33 Nalidixic Acid Resistance Increases Sensitivity of Salmonella to Ionizing Radiation in Buffer 
and in Orange Juice 

BRENDAN A. NIEMIRA, USDA-ARS-ERRC, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 
Resistance to the antibiotic nalidixic acid has been used as a selective marker for studies of pathogen­

inoculated fruits and vegetables. However, resistance to this antibiotic has been shown to influence the 
sensitivity of Escherichia coli 0157:1-17 to ionizing radiation. To determine the ubiquity of this phenomenon, 
a collection of 24 foodborne-illness related isolates of Salmonella were screened for native resistance to nali­
dixic acid. The sensitivity to ionizing radiation was determined in a neutral buffer for three nalidixic acid­
sensitive (Nal-S) isolates and three nalidixic acid-resistant (Nal-R) isolates. The radiation DlO values (the 
amount of ionizing radiation necessary to reduce the population by one log, or 90%) were significantly 
(P < 0.05) different among the isolates. As a group, Nal-R isolates of Salmonella were found to be significantly 
more sensitive to irradiation (DlO = 0.210 kGy) than Nal-S isolates (Dl0 = 0.257kGy). Through selective 
reculturing in nalidixic acid-amended liquid media (up to SO µg/ml), the Nal-S isolates were induced to 
become resistant (Nal-Ri). The radiation sensitivity of Nal-Ri isolates was significantly increased relative 
to the respective Nal-S parent for two of the three isolates tested. As a group, Nal-Ri isolates had D10 value 
of 0.234 kGy, intermediate between Nal-S and Nal-R isolates. The study was repeated in reconstituted orange 
juice, using the same Nal-S, Nal-R and Nal-Ri isolates. Overall DlO values were higher than those observed 
in neutral buffer. The pattern of response was similar; as a group, Nal-R isolates were significantly more 
sensitive to ionizing radiation (DlO = 0.581 kGy) than Nal-S isolates (DlO = 0.764 kGy), with Nal-Ri interme­
diate between the two (DlO = 0.637 kGy). Similarly, the radiation sensitivity of Nal-Ri isolates in orange juice 
was significantly increased relative to the respective Nal-S parent for two of the three isolates tested. 

Pl-34 Death of Salmonella, Esche1•ichia coli0157:H7, and Listeria monocytogenes 
in Salad Dressings 

LARRY R. BEUCHAT, Jee-Hoon Ryu, Barbara B. Adler, and M. David Harrison, University of 
Georgia, Center for Food Safety and Dept of Food Science and Tech., 1109 Experiment St., 
Griffin, GA 30223-1797, USA 

Salad dressings distributed and stored at ambient temperatures are formulated to be microbiologically 
stable. The low pH prohibits the growth of foodborne pathogens that may contaminate salad dressings after 
containers are opened. Results from this study identified the time required for elimination of Salmonella, 
Escherichia coli 0157:1-17, and Listeria monocytogenes in three commercially manufactured regular ranch 
salad dressings, three light ranch salad dressings, two regular blue cheese salad dressings, and two light blue 
cheese salad dressings, The initial pH values of the four types of pourable dressings were 2.87 to 3. 72, 2.82 to 
3.19, 3.08 to 3.87, and 2.83 to 3.49, respectively. Dressings were separately inoculated with low (2.4 to 2.5 log 
CFU/g) and high (5.3 to 5. 9 log CFU/g) populations of five-strain mixtures of pathogens and stored at 2S'C. 
Regardless of the initial inoculum level, Salmonella was undetectable by enrichment ( < 1 CFU/25-g sample in 
three replicate trials) in all samples within 1 day, andE. coli 0157:1-17 andL. monocytogenes were reduced to 
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undetectable levels by enrichment between 1 and 8 days and 2 and 8 days, respectively. E. coli O157:H7 was 
not detected in six of the ten dressings stored for 2 or more days after inoculation. Counts for yeasts/molds, 
lactic acid bacteria, and total aerobic mesophilic microorganisms (total plate count) remained low or undetect­
able throughout the 15-day period during which inoculated dressings were analyzed. Based on these observa­
tions, regular and light ranch and blue cheese salad dressings that may become contaminated during or after 
processing and subsequently stored unrefrigerated are not potentially hazardous foods by FDA Food Code 
definition. 

Pl-35 Distribution of Salmonella enterica from Aquatic Reservoirs in Florida 

DSC MASOUMEH RAJABI, Marjorie Richards, Mickey Parish, and Anita Wright, University of Florida, 
P.O. Box 110370, Gainesville, FL 32611, USA 

Salmonella enterica infections are spread through consumption of contaminated food and water. Although 
> 2000 serotypes are described, only limited subsets are associated frequently with human disease, and their 
environmental distribution is relatively unknown. We examined S. enterica from two geographically distinct 
regions, the Suwannee River in North Florida and lakes in Central Florida, which are dominated by chicken 
and citrus agriculture, respectively. Presumptive Salmonella were obtained by standard methods and con­
firmed by DNA probes. Recovery of isolates was much greater from Suwannee River samples (96%) compared 
to samples from the Central Florida aquifer (11%). Repetitive-element PCR (Rep-PCR) typing was used to 
examine strain diversity in a database of clinical and environmental isolates (n = 266). This highly reproduc­
ible method uses primers derived from conserved repetitive elements that are dispersed throughout the 
chromosome to generate variable PCR products for molecular typing. Rep-PCR subdivided strains into 15 
clusters at> 85% DNA similarity. Subspecies I strains clustered independently ( < 65% similarity) from subspe­
cies III isolates. Most serotypes (92%) clustered by Rep-PCR, but these clusters were frequently distributed 
between two genotypes. Clinical isolates were mostly (92%) distributed among predominantly clinical clusters, 
while environmental strains (75%) also grouped into predominantly environmental clusters. Very few 
Suwannee River isolates (11%) were associated with clinical genotypes; however, 95% of Central Florida 
isolates grouped with clinical strains. Results clearly demonstrated the discriminatory power of rep-PCR 
at or below subspecies and serotype levels, and these data support the use of rep-PCR for evaluation of isolate 
source and geographic distribution. 

Pl-36 Com1Jetitive Exclusion Bacteria to Reduce Salmonella Colonization of Poultry 

Pl-37 
DSC 

GUODONG ZHANG, Li Ma, and Michael P. Doyle, University of Georgia, CFS, 1109 Experiment St., 
Griffin, GA 30223, USA 

Poultry and poultry products are major sources of foodborne Salmonella and Campylobacter, the leading 
causes of foodborne bacterial gastroenteritis diseases. Our main objective was to develop a defined competitive 
exclusion (CE) culture that will substantially reduce/eliminate Salmonella and/or Campylobacter colonization 
in poultry. By screening millions of bacterial colonies from 9 chickens for antimicrobial activity to Salmonella 
(5 serotypes) and Campylobacter (6 strains) in vitro, isolates Salm-9 (Lactobacillus salivarius), List40-18 
(L. salivarius), List40-41(L. salivarius), and List40-13 (Streptococcus cristatus) were selected as CE bacteria 
because of their strong antagonistic activity to these pathogens. The CE bacteria were perorally administered 
to day-of-hatch chicks at 106-108 CFU/chick and Salmonella were subsequently administered 2-days later at 
5.5 x 103 to 5.0 x 104 CFU/chick by gavage. Feeding chickens an overnight culture of Salm-9, List40-18 or 
List40-41 reduced Salmonella carriage in cecal contents by 2.46, 2.49, and 2.03 log CFU/g (average of three 
trials), respectively. The percentage of Salmonella-positive chickens in these treatments was 46% (control was 
79%), 31% (control was 84%), and 35% (control was 84%), respectively. Feeding chicks a mixture of the three 
CE isolates had a similar effect against Salmonella colonization as when they were used individually. Feeding 
mixture of List40-13 and List40-41 reduced Salmonella carriage in chickens from 90% to 65% and 88% to 31% 
in two trials, and by 2.2 and 4.0 log CFU/g of cecal contents of chickens. In conclusion, isolates Salm-9, List40-
18, List40-41 and List40-13 could be used as effective CE bacteria against Salmonella colonization in chick­
ens, either individually or in combination. 

Prevalence and Persistence of Select Foodborne Pathogens in the Turkey Processing 
Environment 

CHRISTINA N. STAM, Doris H. D'Souza, Sophia Kathariou, Patricia A. Curtis, Richard J. Meinersmann, 
and Lee-Ann Jaykus, North Carolina State University, 1008 Flex Building, 1575 Varsity Drive, 
Raleigh, NC 27695, USA 

Raw poultry has been identified as the source of a variety of foodborne pathogens. However, most surveys 
to monitor the microbiological load of poultry have focused on broilers, with relatively less attention given to 
turkey processing, The purpose of this study was to investigate the prevalence of select pathogens (Listeria 
monocytogenes, Salmonella spp., and Campylobacter spp,) and microbiological indicators (Enterococcus spp.) 
in the turkey processing environment. Environmental samples were collected in one Southeastern processing 
facility using swab methods at two month intervals over a period of 18 months. Samples were taken from 
conveyors, drains, walls and various food contact surfaces. Bacteria were isolated and identified using USDA­
FSIS protocols. Salmonella isolates were typed using pulsed-field gel electrophoresis (PFGE) with the restric-
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Pl-39 
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tion enzymeXbaI. Enterococcus isolates were speciated by PCR and their susceptibility to 17 antibiotics of 
agricultural and human/animal clinical relevance was characterized in accordance with NARMS methods. The 
prevalence of contamination was 11.5%, 10.2%, and 0.4% for L. monocytogenes, Salmonella, and Campylo­
bacter, respectively. Enterococcus spp., an environmental indicator of fecal contamination, was isolated from 
over 94% of samples. A diverse set of relatively non-persistent Salmonella strains were obtained from the 
processing environment, as evaluated by PFGE banding patterns. E. faecalis and E. Jaecium strains were 
susceptible to most antibiotics of human clinical relevance but frequently resistant to tetracycline, quinu­
pristin/dalfopristin, and erythromycin. Studies such as these can help processors identify contamination 
frequency and sites in an effort to control resident pathogenic bacteria in the processing environment. 

Distribution of Escherichia coli 0157 and Salmonella spp. on Hide Surfaces, the Oral Cavity, 
and Feces of Feedlot Cattle 
TYLER P. STEPHENS, Guy H. Loneragan, Thomas W. Thompson, Ambika Sridhara, Loree A. 
Branham, Shankaralingam Pitchiah, and Mindy M. Brashears, Texas Tech University, Animal 
and Food Science, Box 42141, Lubbock, TX 79409-2141, USA 

To determine the distribution of pathogens on cattle hides, samples were taken from six hide surface 
locations (back, flank, hock, neck, perineum and ventrum), the oral cavity, and feces (rectal-anal junction 
swab and fecal grab), of feedlot cattle and subjected to Escherichia coli 0157 and Salmonella spp. detection. 
E. coli 0157 was isolated from one or more of the sampling locations from 13 animals. Location-specific 
prevalence of E.coli 0157 among animals positive at one site or more was 15% for back samples, 15% for flank 
samples, 38% for hock samples, 23% for neck samples, 38% for perineum samples, 23% for ventrum samples, 
8% for oral cavity samples, 15% for rectal-anal junction swabs, and 46% for fecal grab samples. Salmonella spp. 
was isolated from one or more of these sample locations from 50 animals. Location-specific prevalence of 
Salmonella spp, among animals positive at one site or more was 76% for back samples, 74% for flank samples, 
94% for hook samples, 76% for neck samples, 88% for perineum samples, 86% for ventrum samples, 94% for 
oral cavity samples, 64% for rectal-anal junction swabs, and 50% for fecal ,grab samples. Both E. coli 0157 
and Salmonella spp. were isolated from one or more of these sample locations from 8 animals. The sampling 
locations that maximized prevalence of finding E. coli 0157, Salmonella spp, or both (84%, 96% and 100%, 
respectively) were hock, perineum and fecal grab. These data suggest that using multiple sample locations 
is useful when isolating pathogens from feedlot cattle. 

Use of Commel'cial Household Steam and SteamNacuum Cleaning Systems to Contl'Ol 
Micl'Obial Quality of Meats 
SUVANG TRIVEDI, A. Estes Reynolds, and Jinru Chen, University of Georgia, Dept. of Food Science 
and Tech., 1109 Experiment St., Griffin, GA 30223, USA 

The feasibility of household steam and vacuum/steam cleaners was evaluated in reducing pathogenic and 
spoilage bacterial populations on the surfaces of pork skin contaminated with a five-strain mixture of Listeria 
monocytogenes at 107 or 105 CFU/10 cm2 area. The contaminated pork skin was treated by three commercial 
household steam cleaners for 30, 60, 90, 120, 150, and 180 s. A sampling area of 5 x 2 cm2 was excised from 
each test specimen and transferred into a sampling bag with 10 ml of Maximum Recovery Diluent, which was 
subjected to microbiological analysis to enumerate the populations of L. monocytogenes, total plate counts, 
and thermoduric bacteria counts. To determine the population of heat-injured bacteria, an enrichment 
procedure was employed. The application of steam and steam/vacuum yielded a reduction in populations of 
L. monocytogenes up to 7.68, 6.99, and 5.84 log CFU/10 cm2 (P < 0.05) with a treatment time of 120, 150, 
and 180 s, respectively, at 107 CFU/10 cm2 inoculation level, whereas a reduction of 5.75, 3.93, and 3.19 log 
CFU/10 cm2 (P < 0.05) was observed with a treatment time of 120, 150, and 180 s, respectively, at 105 CFU/10 
om2• A similar reduction trend was observed with total plate counts and thermoduric bacteria counts at both 
inoculation levels. Significant differences were observed between different inoculation levels, treatment times, 
and type of cleaning systems used (P < 0.05). The study infers that the commercial household cleaning 
systems could be effectively used by meat-processing facilities, especially small and very small meat-process­
ing facilities, as an essential part of the HACCP system. 

Pl-40 Effect of Refrigetating Delayed Shipments of Raw Ground Beef on the Detection 
of Salmonella 'fy1>himurium 
NEELAM NARANG, Mark L. Tamplin, and William C. Cray, USDA-ARS-ERRC, Microbial Food 
Safety Research Unit, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

In eight separate trials, four groups of raw ground beef samples were inoculated with 0.04 to 0.3 CFU/g 
of Salmonella Typhimurium DT 104. Each group consisted of four samples, three inoculated and one 
uninoculated. After inoculation, raw ground beef samples were placed in shipping containers along with ice 
packs and transported by overnight courier from the USDA Eastern Regional Research Center in Wyndmoor, 
PA to the FSIS Eastern Lab in Athens, GA. A temperature data logger was placed inside each shipping con-
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tainer to record the temperature during shipping and storage. The first group of ground beef samples was 
analyzed within approximately 1 h of arrival. The second group of samples was left in the original unopened 
containers for 24 h before processing. The third and fourth groups of samples were removed from the original 
shipping containers and stored at room temperature (21 ± 2°0) for 6 h, then stored in a refrigerator at 4 ± 2°0 
for 24 and 48 h, respectively, before analysis. The samples were analyzed for the presence of S. Typhimurium 
according to USDNFSIS Laboratory Guidebook MLG, Chapter 4.02. There was no significant difference in 
the presence and levels of S. Typhimurium in ground beef samples among the four test groups. These data 
show that it is acceptable to process late-arriving ground beef samples for the detection of Salmonella if 
samples are stored at 4 ± 2°0 for 24 to 48 h, or when the samples remain in the original shipping containers 
for an additional 24 h. 

Pl-41 Survival of Salmonella in Hog Manure during Storage 

Katia Arms, RICHARD HOLLEY, Greg Blank, Kim Ominski, and Mario Tenuta, University 
of Manitoba, Food Science Dept., 250 Ellis Building, Winnipeg, MB, R3T 2N2, Canada 

The use of manure as an organic fertilizer may be responsible for foodborne illness associated with fruits 
and vegetables. The objective of this research was to evaluate the potential for Salmonella present in hog feces 
to survive during storage and to serve as a potential source of environmental contamination. One liter samples 
of 3 types of manure (nursery, sow and feeder barns) were inoculated using a Salmonella cocktail (S. Oranien­
burg, S. Hadar, S. Typhimurium and S. Agona) at 4 log CFU/ml and incubated for 90 days at three temperatures 
(4, 25, 37°C). Survival of Salmonella was evaluated using xylosine-lysine-tergitol-4 agar (XLT4) and by enrich­
ment. Temperature was shown to have a great influence on Salmonella survival in manure. Lower tempera­
tures provided better survival. After 7 days of storage, Salmonella was not recovered from any of the manure 
types stored at 37°C. At 25°0, Salmonella survived up to 37 days. At 4°0, Salmonella survived more than 91 
days in all manure types. Survival was greatest in manure obtained from the nursery barn. In addition, tem­
perature at 3 depths (10 cm, 2 m and bottom) in manure storage facilities was monitored for a full year using 
Tidbit® data loggers. The lowest temperature recorded was -11°0 at the 10 cm depth during the winter. The 
highest temperature was 26°0 at the 10 cm depth during summer. Results indicated that Salmonella present 
in contaminated manure may survive over winter storage and become a potential source of these pathogens 
when manure ls applied to soil. 

Pl-42 Microbiological Validation of a Pt·osciutto Ham Process for Salmonella SJJp. and Listeria 
monocytogenes 

Vikas Gill, LARRY FRANKEN, Randall Phebus, and James Marsden, Kansas State University, 
139 Call Hall, Manhattan, KS 66506-1600, USA 

Prosciutto is a term broadly used to describe a ham that has been seasoned, salt-cured (but not smoked) 
and air-dried. The objective of this experiment was to validate a commercial manufacturing process for its 
ability to control Salmonella spp. and Listeria monocytogenes contamination on this product. The objective 
was to meet the USDA guidelines for lethality of the Prosciutto ham process. A cocktail of five Salmonella 
or five Listeria monocytogenes strains was used. Whole boneless hams were inoculated on the exterior and 
interior surfaces (voids where bone was removed) by misting. Three replications were performed. A non­
inoculated ham was used for each replication. The control ham was used to measure pH of the hams through­
out the experiment. Three excised cores (ca. 3 mm depth) from the outside (21.2 cm2) surface and two cores 
from the inside (14.14 cm2

) were taken to enumerate residual pathogen populations on days O, 32 (end of 
curing), and 43 (end of drying). The curing and heat treatment reduced the Salmonella spp. population by an 
average of 7.7 log CFU/cm2 and Listeria monocytogenes by 6.8 log CFU/cm2, thereby meeting USDA reduction 
standards. 

Pl-43 Controlling Salmonella 1ytJhimurium, Escherichia coli 0157:H7, Yersinia enterocolitica, 
and Listeria monocytogenes in Vacuum-packed Nham, a Thai Style Fermented Pork Sausage, 
by Lactacel 115 Alone or in a Combination with Dried Plum Mixtures 

CHAOWAREE RUENGWILYSUP and Daniel Y. C. Fung, Kansas State University, Dept. of ASI, 
1600 Midoampus Drive, Call Hall 202, Manhattan, KS 66506-1600, USA 

Nham ls a fermented sausage made from ground pork and other ingredients and is very popular in Thailand. 
Several harmful microorganisms such as Salmonella spp., Listeria monocytogenes, and Escherichia coli 
0157:H7 have been reported to contaminate Nham. In this study, effects of Lactacel 115 (a commercial lactic 
starter), alone or in combination with dried plum mixtures, for the control of Salmonella 1yphimurium, 
Escherichia coli O 15 7: H7, Listeria monocytogenes, and Yersinia enterocolitica during Nham production were 
determined. The pathogen cocktail was applied into Nham ingredients at ca. 104 CFU/g each. Four dried plum 
mixtures (fresh plum juice concentrate, lighter balm puree, dried plum puree, and prune pear powder) were 
separately added at 0%, 3% or 6%, with Lactacel 115 added at ca. 107 CFU/g. Natural fermentation without 
Lactacel 115 or dried plum mixtures was performed as a control treatment. The sausage was vacuum packaged 
and incubated at 37°C. The use of dried plum puree at 3% with Lactacel 115 provided 3.42 log reduction of 
S. Typhimurium at 12 h. The use of Lactacel 115 and fresh plum juice concentrate at 3% provided 3.04 and 
2.22 log reduction of E. coli 0157 :H7 and Y. enterocolitica, respectively, at 24 h. For the control of L. mon­
ocytogenes, Lactacel 115 and fresh plum juice concentrate at 6% provided 2.99 log reduction at 24 h. This 
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research is significant as it shows that foodborne pathogens in Nham were greatly inhibited by the use of 
Lactacel 115 and dried plum mixtures. 

Pl-44 Measuring the Forces of Detachment of Listeria monocytogenes on Stainless Steel 
STEFANO PER.NI, Gilbert Shama, and Members of the LMTOOCHE Partnership: A. Adriao, 
P. W. Andrew, M. Barbosa, B. Berata, L. M. Chambel, M. L. Faleiro, I. Fernandes, S. J. Jordan, 
R. Tenreiro, M. Sol and I. Zilhao, Loughborough University, Dept. of Chemical Engineering, 
Ashby Road, Loughborough, Leicestershire, LEll 3TU, UK 

Foods may become unsafe to eat through contact with a microbially contaminated surface. An under­
standing of the processes of microbial adhesion to surfaces could eventually lead to the rigorous design of 
cleaning regimes in food processing facilities. As a first step towards this objective some estimate is required 
of the forces necessary to detach adherent microorganisms from the surfaces of commonly used materials. 
We report here on experiments conducted using dairy isolates of Listeria monocytogenes in which the forces 
necessary to detach strains from stainless steel were measured using a radial flow chamber. We contacted 
stainless steel discs with suspensions of L. monocytogenes, for periods ranging from 2 min to 24 h, then 
inserted them into the flow chamber which was operated at fixed conditions. Adherent cells were fixed using 
formaldehyde and then treated with a fluorescent stain. Cell coverage was determined as a function of radial 
distance using epiflorescence microscopy. Treatment of the discs in this way resulted in a central clearance 
zone from which all cells had become detached. Maintenance of fixed flow conditions enabled us to equate the 
diameter of these zones directly to the shear forces generated. For short contact times (below 30 min) there 
were large variations in the diameters of the clearance zones displayed by our dairy isolates. In contrast, for 
long contact times (2 hand above) there were no statistically significant differences in the diameters even 
though they were greater. We discuss the implications of these findings for the rigorous design of surface 
cleaning regimes. 

Pl-45 Characterization of Listeria innocua Biofilm Formation Using Tn917 Trans110son 
Mutagenesis and At·bitrary PCR 
WILLIAM K. SHAW, JR. and Lynne A. McLandsborough, USDA, 1400 Independence Ave. SW, 
Annex Room 405, Washington, D.C. 20250, USA 

Listeria sp. can grow on surfaces and be a member of multi-species biofilms within food processing plants, 
rendering them more resistant to sanitizers and other antimicrobial agents. Little is known of the cellular 
physiological processes involved in Listeria sp. growth on surfaces. Listeria inoocua ATCC 517 42 serotype 
4b transposon mutagenesis was performed using plasmid pLTV3 (Tn917) with a temperature sensitive origin 
of replication, Mutants were selected by growth in the presence of erythromycin and lincomysin at 41°C. 
Five libraries of 2500 mutants were further screened using a PVC microtiter plate biofilm assay at 32°C 
at low nutrient levels. Reduced surface growth (RSG) mutants were defined as having a mean stained biofilm at 
2 std dev below the mean of the wild-type. 36 RSG mutants were isolated and further characterized by testing 
cellular motility and initial adhesion phenotypes. RSG 24 exhibited a wild-type cellular motility with reduced 
initial adhesion, which indicated a surface associated genetic determinant. RSG 24 showed a reduced aggluti­
nation reaction with Listeria antisera type 4 and reduced PVC surface coverage using epiflorescence micros­
copy and scanning electron microscopy as compared to wild-type, A two step arbitrary PCR with subsequent 
PCR fragment TOPO® cloning and DNA sequencing was utilized to reveal transposon interruption site having 
homology to lin2619 (mutarotase) gene of L. innocua with enzyme utilized in sugar substitution of teichoic 
acid in Listeria serotype 4b strains. Knowledge of essential biofilm formation genes may eventually lead to 
unique strategies for biofilm prevention and removal in food processing environments. 

Pl-46 A Comparison of Biofilm Formation by Listeria monocytogenes and Listeria innocua on 
Stainless Steel 
TERESA C. PODTBURG, Scott Burnett, and Peter W. Bodnaruk, Ecolab Inc., 840 Sibley Memorial 
Hwy., Mendota Heights, MN 55118, USA 

Several studies have been published that deal with growth rates of Listeria innocua and L. monocyto­
genes in enrichment broths, food and environmental samples. To date little data has been published comparing 
growth and biofilm formation of L. innocua and L, monocytogenes on food contact surfaces such as stainless 
steel. A study was conducted to determine whether any differences exist between these two organisms' ability 
to form biofilms in a mixed culture. Preliminary studies to determine an effective means for harvesting biofilm 
cells from stainless steel coupons led to the conclusion that vortexing with glass beads followed by sonication 
provided the most effective method for biofilm recovery. An evaluation of L. monocytogenes and L. innocua's 
ability to form biofilms at 4°C was performed using the CDC Biofilm reactor. Three strains of each species 
isolated from food processing environments were used. Biofilms were propagated in 10% Tryptic Soy Broth + 
0.6% Yeast Extract+ 1.0% Glucose (TSB-YEG) on stainless steel coupons. Coupons were sampled after 6, 10, 15 
and 30 days and examined for the predominant Listeria species. The changes in population of L. innocua and 
L. monocytogenes when grown in mixed culture were 0.11 and 0.66 log CFU/cm2, respectively, over the 30-day 
incubation period. The results of this study show that L. monocytogenes and L. innocua grow and form 
biofilms on stainless steel equally in a refrigerated environment. 
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Pl-47 Inactivation of Esche1·icliia coli 0157:H7 in Biofilm on Stainless Steel 
Manan Sharma, JEE-HOON RYU, and Larry R. Beuchat, University of Georgia, Center for Food Safety 
and Dept. of Food Science and Tech., 1109 Experiment St., Griffin, GA 30223-1797, USA 

A study was done to determine the effectiveness of an alkaline cleaner and a lytic bacteriophage specific 
for Escherichia coli O157:I-17 in killing wild type and rpoS-deficient cells of the pathogen in a biofilm. Cells 
were attached to stainless steel coupons (ca. 7 to 8 log CFU/coupon) on which biofilms were subsequently 
developed at 22'0. Coupons were treated with 100% and 25% of working concentrations of a commercial 
alkaline cleaner (pH 11.9, with 100 µg/ml free chlorine) used in the food industry, chlorine solutions (SO and 
100 µg/ml free chlorine), or sterile water at 4'0 for 1 and 3 min. Treatment with 100% alkaline cleaner reduced 
populations by 5 to 6 log CFU/coupon, a significant (P,;; 0.05) reduction compared to treatment with water. 
The initial population (2.6 to 2.8 log CFU/coupon) of attached cells of both strains was reduced by 1.1 to 
1.2 log CFU/coupon when treated with bacteriophage KI-11 (7. 7 log PFU ml). Biofilms on coupons containing 
2. 7 log of wild type or rpoS-deficient cells were not decreased by more than 1 log CFO/coupon when treated 
with KHl (7 .5 log PFU/ml). Higher numbers of cells of E. coli O157:H7 in biofilms were killed by treating with 
alkaline cleaner than with chlorine solution (100 µg/ml). Results show that the number of cells attached 
on coupons was reduced by treating with bacteriophage but cells enmeshed in biofilms were protected. It is 
concluded that the alkaline pH, in combination with hypochlorite, in a commercial cleaner is responsible 
for killingE. coli O157:H7 in biofilms. 

Pl-48 Comparison of Biofilm Formation by Salmonella spp. Originating from Produce, Animal, 
and Clinical Sources 

ETHAN B. SOLOMON, Brendan A. Niemira, Gerald M. Sapers, and Bassam A. Annous, 
USDA-ARS-ERRC, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

Cantaloupe melons have been implicated in six outbreaks of salmonellosis since 1990. Research in our 
laboratory has documented the formation of biofilms by Salmonella on cantaloupe surfaces. The entrapment 
of cells of Salmonella within a biofilm is likely responsible for enhanced sanitizer resistance. 1\vo major 
components of Salmonella biofilms have recently been discovered: curli and cellulose. Our objective was to 
investigate whether Salmonella isolates from produce sources exhibited increased biofilm formation compared 
to those originating from animal and clinical sources, and to screen our collection for cellulose and curli 
production. Biofilm formation was determined using a crystal violet staining method. Curli and cellulose 
production were monitored by assessing morphotypes on LB agar without salt containing Congo Red and 
fluorescence on LB agar containing calcofluor, respectively. The crystal violet binding assay demonstrated no 
significant differences in biofilm formation by isolates from any source when tested in either LB broth supple­
mented with 2% glucose, tryptic soy broth, or I/20th-strength tryptic soy broth. One hundred percent of 
clinical isolates exhibited curli biosynthesis and 73% demonstrated cellulose production. All meat-related 
isolates formed curl! and 84% produced cellulose. Eighty percent of produce-related isolates produced curli but 
only 52% produced cellulose. Crystal violet binding was not statistically higher in isolates of any morphotype, 
but was related to the media in which the strains were tested. Results indicate that biofilm formation was not 
dependent on the source of the test isolate and suggest a correlation between curli and cellulose production 
and biofilm formation. 

Pl-49 A New Chromogenic Plating Medium for the Isolation and Identification of Enterobacter 
saka~akii 
LAWRENCE RESTAINO, Elon W. Frampton, William C. Lionberg, and Richard J. Becker, R & F 
Laboratories, 2725 Curtiss St., Downers Grove, IL 60515, USA 

A proprietary chromogenic plating medium, R & F® Enterobacter sakazakii Chromogenic Plating Medium 
(ESPM), has been developed for isolating presumptive colonies of Enterobacter sakazakii. ESPM contains not 
only chromogenic substrates that are relatively specific for E. sakazakii, but also sugars, a pH indicator, and 
inhibitors for both Gram-negative and Gram-positive contaminants. By use of ESPM, 47 pure culture strains 
of E. sakazakii yielded blue-black domed colonies 1-2 mm in diameter with or without clear halos. Other 
enterics tested included: Enterobacter aerogenes, Enterobacter gergoviae, Pantoea spp., Escherichia coli spp. 
Gitrobacter, Klebsiella, Morganella, Providencia, Salmonella spp., Shigella ( 4 species), Hafnia, and the 
non-enteric Pseudomonas. All strains yielded either white or clear colonies+/- clear halos with the exceptions 
of Shigella sonnei (blue-black or blue-gray colonies), E. aerogenes (yellow colonies) and Klebsiella pneumon­
iae (yellow or green colonies). E. sakazakii from powdered infant formula, powdered and dried foods and 
ingredients, and environmental samples was isolated by picking blue-black colonies from ESPM, and false 
positives were eliminated by observing acid production in 6 h on a screening medium. ESPM is more selective 
and differential than the Violet Red Bile Glucose Agar/Tryptic Soy Agar (TSA) plating system currently used 
to presumptively identify E. sakazakii as yellow colonies on TSA. All presumptive isolates from foods and 
environmental sources were confirmed using both API 20E and Biolog Microlog3 4.20. 
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Pl-50 Isolation of Ente1·obacter sakazakii Using Combined Selective and Differential Enrichment 
Broth and Agar 

Pl-51 
DSC 

Carol Iversen, Patrick Druggan, PETER STEPHENS, and Stephen Forsythe, Oxoid Limited, 
Wade Road, Basingstoke, Hampshire, RG24 8PW, UK 

Enterobacter sakazakii is an emergent pathogen causing meningitis, necrotising enterocolitis and sepsis. 
Outbreaks in neonates have been linked to ingestion of contaminated infant formula and it is essential that 
reliable detection methods are established to ensure the safety of infant foods. The Druggan-Forsythe-Iversen 
(DFI) method includes a broth incorporating a high carbohydrate concentration which promotes the growth of 
E. sakazakii over that of competing bacteria. This is followed by a selective and differential agar incorporating 
the chromogenic substrate 5-bromo-4-chloro-3-indolyl--D-glucopyranoside that allows presumptive identifica­
tion of E. sakazakii in the presence of mixed cultures. The DFI method and other proposed E. sakazakii 
isolation media were assessed using over 250 Enterobacteriaceae, including over 160 E. sakazakii isolates. 
No desiccated E. sakazakii were recovered using direct plating of rehydrated strains onto non-selective agar, 
indicating the need for an enrichment step. Growth was detected for 100% of E. sakazakii strains tested in 
DFI broth compared to the persistence of only 88 to 97% of strains in other enrichment broths (mLS1~ EE 
broth and ESSB from AES). Incorporation of a chromogenic-glucosidase substrate into isolation agars im­
proved the speed and accuracy of presumptive E. sakazakii identification. All methods failed to distinguish 
presumptive E. sakazakii from other -glucosidase positive colonies without further biochemical tests. The DFI 
method showed 100% sensitivity for growth of E. sakazakii and promoted the growth of E. sakazakii over that 
of competing bacteria, increasing the likelihood of detecting this pathogen in mixed cultures. 

Cloning and Sequencing of the Gene Encoding Outer Membrane Protein A ( ompA) in 
Enterobacter sakazakii and Development of an E. sakazakii-specific PCR for Its Rapid 
Detection in Infant Fo1·1mda 
MAN OJ KUMAR MOHAN NAIR and Kumar Venkitanarayanan, University of Connecticut, 
Dept. of Animal Science, 3636 Horsebarn Hill Road Extension, Storrs, CT 06269, USA 

Enterobacter sakazakii is an emerging foodborne pathogen that causes severe meningitis, meningo­
encephalitis, sepsis, and necrotizing enterocolitis in neonates and infants, with a high case fatality rate. The 
disease has been primarily associated with the ingestion of contaminated, powdered infant formula. During 
the past two years, more than 1.5 million cans of E. sakazakii-contaminated dry infant formula powder have 
been recalled in the United States. Traditional detection methods take more than four days for identifying 
E. sakazakii. Outer membrane protein A (ompA) is a major virulence factor in gram-negative pathogenic 
bacteria. In this study, the gene encoding ompA in E. sakazakii (ATCC 51329) was cloned in pGEM-T Easy 
vector and sequenced by fluorescent dye-terminator sequencing, The nucleic acid sequence of the ompA gene 
was compared with other available gene sequences present in the National Center for Biotechnology Infor­
mation Genbank database. Based on regions of the ompA gene unique to E. sakazakii, two primers were 
synthesized to develop and optimize an E. sakazakii-specific PCR. The PCR amplified a 469-bp DNA product 
from 17 isolates of E. sakazakii tested, but not from any of the 40 non-E. sakazakii strains. Experiments to 
determine the sensitivity of the PCR indicated that it can detect as low as 1000 CFU/ml of E. sakazakii in 
infant formula without any enrichment, and 0.1 CFU/ml after an 8 h enrichment step. This PCR could poten­
tially be used as a rapid tool for screening infant formula for the presence of E. sakazakii. 

Pl-52 Survival and Growth of Enterobacter sakazakii in Infant Rice Cereal Reconstituted with 
Water, Milk, Infant Formula, or Ap1>le Juice 
GLENNER M. RICHARDS, Joshua B. Gurtler, and Larry R. Beuchat, University of Georgia, Center for 
Food Safety, Dept of Food Science and Tech., 1109 Experiment St., Griffin, GA 30223-1797, USA 

Enterobacter sakazakii infections in preterm neonates and infants have been associated with reconsti­
tuted infant formula. Children up to 4 years old and elderly adults also have been diagnosed with E. sakazakii 
infection. We conducted a study to determine survival and growth characteristics of E. sakazakii in infant rice 
cereal as affected by the type of liquid used for reconstitution and storage temperature after reconstitution. 
A commercially manufactured dry infant rice cereal was reconstituted with water, apple juice, milk, or liquid 
infant formula, inoculated with a ten-strain mixture of E. sakazakii at populations of 0.27, 0.92, and 9.2 log 
CFU/ml, and incubated at 4, 12, 21, or 30°C for up to 72 h. Growth did not occur in cereal reconstituted with 
apple juice, regardless of storage temperature, or in cereal reconstituted with water, milk, or formula and 
stored at 4°C. The lag time for growth in cereal reconstituted with water, milk, or formula was decreased as the 
incubation temperature (12, 21, and 30°C) was increased. Upon reaching maximum populations of 7 to 8 log 
CFU/ml, in some instances populations decreased to undetectable levels during subsequent storage, which was 
concurrent with decreases in pH. It is concluded that E. sakazakii initially at a low population can rapidly 
grow in infant rice cereal reconstituted with water, milk, or infant formula. Reconstituted cereal that is not 
immediately consumed should be discarded or stored at a temperature at which E. sakazakii and other 
foodborne pathogens cannot grow. 
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Pl-53 The SUl'vival and Growth of Enterobacter saka::;akii in Human Breast Milk and Powdered 
Infant Formuln 

RAQUEL LENATI, Karine Hebert, Lisa Houghton, Deborah L. O'Connor, Jeff Farber, and Franco 
Pagotto, Health Canada, Bureau of Microbial Hazards, Health Products and Food Branch, P/L 2204A2, 
Ottawa, ON, KlA 0L2, Canada 

Enterobacter sakazakii (Es) has been linked to outbreaks involving debilitated neonates consuming 
powdered infant formula (PIF). The only documented report of human milk and its effect on pathogens 
indicated that human breast milk may contain antimicrobial activity against Es. Considered a sterile environ­
ment, human breast milk was used to evaluate the growth and/or survival of Es, in order to assess its potential 
as a source of illness. Frozen (n = 10) and fresh human milk (n = 2) were inoculated with 10 CFU/ml Es and 
growth was monitored at l0°C, 23°0 and 37°C. Generation times for l0°C, 23°0 and 37°C, respectively, were 
obtained for clinical (3.3 days, 81 min, 67 min), environmental (4.5 days, 95 min, 65 min), and food (2.2 days, 
77 min, 59 min) isolates. Whereas there were no significant differences at 23°0 and 37°C, growth at l0°C was 
food>clinical>environmental isolates. A generation time of 56 min was obtained using a single fresh human 
breast milk sample (37°C). To date, Es has been able to survive in frozen breast milk for over 3 months with no 
decrease in numbers. Growth of Es (37°C) did not differ between reconstituted PIFs and human milk. To our 
knowledge, this is the first report demonstrating the ability of Es to grow in human breast milk. While all milk 
samples tested negative for Es, putative antimicrobial properties of breast milk do not appear to be effective 
against this foodborne pathogen, Current experiments are focussing on the effects of human milk fortifiers on 
the survival and/or growth of Es. 

Pl-54 Prior Ex1,osure to An Acidic Environment Increases the Acid Resistance of Enterobacter 
saka::;akii 

SHARON EDELSON-MAMMEL and Robert L. Buchanan, FDA-CFSAN-OPDF-DDES, 5100 Paint 
Branch Pkwy., College Park, MD 20740, USA 

Previous studies with 12 strains of Enterobacter sakazakii showed BBi-grown strains were moderately 
acid resistant compared to other Enterobacteriaceae such as Escherichia coli 0157:1-17, decreasing by;;,; 5 log 
cycles when resuspended in TSB adjusted to pH 3.0, but generally decreasing by < 1.0 log cycle at pl-I 3.5. In 
the current study, the same 12 strains were evaluated to determine if they have an inducible pl-I-dependent 
stationary phase acid resistance that would enhance survival when cultures were subsequently exposed to an 
acidified environment. The strains were grown individually in TSB with ( +G) or without (-G) 1% glucose for 
18 h. The final pH of the 18-h cultures was 4.7-5.4 for the +G grown cells and 6.7 to 7.0 for the -G grown cells. 
The 18-h cultures were then suspended in the acidified TSB (pH 3.0) for 5 h at 36°0, with samples being taken 
hourly and viable counts determined. All 12 strains to varying degrees had increased survival if previously 
grown in the presence of glucose. At times during the acid challenge, the differential in counts between the 
+G and -G samples was a much as 4 log cycles. The results indicate that the acid resistance of E. sakazakii 
can be increased by prior growth in a moderately acidic environment and that the microorganism possesses 
one or more systems for inducible pl-I-dependent stationary phase acid tolerance. 

Pl-55 Development of a High Pressure Processing Inactivation Model for Hepatitis A Vims 

DSC STEPHEN GROVE, Tom Lewis, Alvin Lee, and Cynthia Stewart, University of Tasmania, 
Private Bag 16, Werribee VIC, 3030, Australia 

Pl-56 
DSC 

Hepatitis A virus (I-IAV) is transmitted by the fecal-oral route and has been commonly linked with enteric 
illness associated with the consumption of contaminated shellfish. Oysters are commonly consumed raw or 
lightly cooked, and pathogenic microorganisms taken up during filter feeding may not be completely removed 
by depuration prior to human consumption. High pressure processing (HPP) can extend the shelf life of 
various food products while preserving their organoleptic qualities, but there is little information on the ability 
of HPP to inactivate 1-IAV in whole oysters. The aim of this study is to create a HPP inactivation model for I-IAV 
and to validate the model in artificially contaminated oysters. Exposure of HAV in cell culture supernatant to 
600 MPa reduced HAV titer from 5.00 log TCID50/ml to an undetectable limit(< 2.17 log TCID50/ml) within 
90 s, while a 300 s exposure at 500 MPa achieved a similar outcome. Exposure at 300 and 400 MPa reduced 
HAV titer by 2.16 (within 480 s) and 2.90 log TCID50/ml (within 600 s), respectively. A I-IPP kinetic inactiva­
tion model is under development to predict the effects of pressure on HAV in a defined environment, including 
salt concentrations and temperatures, These preliminary results demonstrate the effectiveness of 1-IPP for the 
inactivation of HAV, and the potential for its future use in the seafood industry. 

Evaluation of Repair Potential of Sublethally InjUl'ed Listeria monocytogenes in Six 
Enrichment Broths 
C. SMART, E. Groves, and C.W. Donnelly, University of Vermont, 200 Carrigan Bldg., 536 Main St., 
Burlington, VT 05405, USA 

Detection methods using enrichment broths to support growth of Listeria to detectable levels have 
historically lacked the sensitivity to detect injured subpopulations. The ability of enrichment media to promote 
repair of sublethal injury is a critical step in overall Listeria recovery. Six enrichment broths-UVM (used by 
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Pl-57 
DSC 

Pl-58 
DSC 

FSIS-USDA), Listeria Repair Broth (LRB), Peptone water, Listeria Enrichment Broth (M52, used by FDA), 
Listeria Enrichment Broth w/ Supplement (LEBS) and Trypticase Soy Broth (TSB) - were compared for their 
ability to recover heat-injured cells. Listeria was injured in a 56'C water bath for the appropriate time resulting 
in an injury level of >98%. Cells were resuspended in six broths and incubated at 35'C. Percent repair was 
evaluated using Tryptose Phosphate Agar (TPA) and TPA w/4% NaCl (TPAN) by plating at time O and once per h 
for 4 h. Results indicated that percent repair ranged from 8.1 to 22.9%. LEBS was the lowest at 8.1% indicating 
that adding selective ingredients inhibits the recovery of injured cells. The media recommended by the FDA 
had a lower repair rate at <14% than other selective media with recovery rates >19%. Results indicate that 
despite development of methods specifically designed to recover injured Listeria from foods, the efficacy of 
specific media to promote recovery of heat injured Listeria is poor, indicating that routine regulatory proce­
dures underestimate the numbers of Listeria detected. Interventions used to reduce the presence of Listeria 
in RTE products mandates recovery of injured Listeria as a critical process to ensure food safety. 

Use of the Feline Calicivirus Model in Evaluating Methods to Extrnct and Detect Noroviruses 
in Foods 

EFSTATHIA PAPAFRAGKOU, Jan Vinge, and Lee-Ann Jaykus, North Carolina State University, 
1008 Flex Bldg., 1575 Varsity Drive, Raleigh, NO 27695, USA 

Foodborne transmission of noroviruses is common and occurs as a consequence of contamination with 
human fecal material. Because these viruses cannot be cultivated in vitro, their detection in contaminated 
foods is challenging. The purpose of this research was to determine the suitability of feline calicivirus (FCV) as 
a surrogate for noroviruses in evaluating extraction and detection methods in foods. Using the culturable FCV 
strain F9, representative at-risk foods (lettuce, deli meats) were inoculated and the virus was extracted by 
sequential steps of elution, precipitation, and organic solvent extraction. Initial studies focused on optimization 
of various extraction parameters, including elution buffer composition and pH, concentration of polyethylene 
glycol (PEG) for precipitation, and choice of solvent. Virus recovery was evaluated by cell culture infectivity 
assay using Crandall Reese feline kidney (CRFK) cells. Use of a glycine saline elution buffer, 8% PEG, and the 
organic solvent Vertrel® provided the best virus recoveries; optimal pl-I during elution and reconstitution was 
dependent upon product type. Recovery efficiency after elution ranged from 54 to 65%. The efficiency of PEG 
precipitation was virtually 100%, but substantial virus (> 50%) was lost during solvent extraction. Using primers 
corresponding to the nonstructural protein region of the FCV genome, an RT-PCR assay was developed that 
produced a 187 bp amplicon and detected FCV at levels of 102 to 103 PFU/reaction. Future work will focus on 
combining the extraction and amplification method, identifying detection limits in foods, and comparing these 
to RT-PCR detection limits achieved in foods artificially contaminated with various norovirus strains. 

Develotlment of a Common Rnpid Method for Norovirus Concentration and Detection 
in Various Food Matrices 

MICHELLE PLANTE, J. M. Farber, S. Bidawid, F. Pagotto, and Nathalie Corneau, Health Canada, 
Food Branch, Ross Ave., Sir F. G. Banting Research Centre, Tunney's Pasture, Room 435, Ottawa, 
ON, KlA 0L2, Canada 

Noroviruses (NoV) are the leading cause of viral gastroenteritis outbreaks in humans. The virus is highly 
infectious and easily spreads through foods and direct contact. Most current methods are geared towards 
detecting noroviruses in shellfish. With fruits, vegetables and ready-to-eat-foods becoming increasingly impli­
cated in norovirus outbreaks the aim of this project is to develop an efficient and rapid common method to 
detect these viruses in these different food matrices. Feline calicivirus (FCV) was used as a surrogate for the 
noroviruses in initial studies. FCV was concentrated and its RNA was extracted from artificially-seeded ham 
samples by TRizol'M reagent. The extracted RNA was purified by Instagene Matrix'M prior to the RT-PCR and 
subsequent visualization by gel electrophoresis. After standardization, this methodology was successfully used 
to detect noroviruses from deli meat and salad samples implicated in a recent norovirus outbreak. However, 
Instagene Matrix'M was not capable of complete removal of inhibitors present in foods which may hamper our 
detection limits. To overcome this limitation, subsequent trials using Dynabeads Oligo d(T)25'" were done on 
FCV and demonstrated an improved sensitivity of detection to limits <100 RT-PCR units of FCV inoculated 
onto ham, bread and lettuce samples. This methodology is currently being used to detect noroviruses from food 
samples artificially-inoculated with norovirus-positive stool. Once standardized, this methodology would be 
ideal in an outbreak setting due to its common application to various types of foods, increased sensitivity of 
detection, and its rapidity (whereby results can be obtained within a day). 

Pl-59 Rapid Extraction and Detection of HetJatitis A Vims from Food Samples 

MICHELLE PLANTE, Sabah Bidawid, Jeffrey M. Farber, and Kalavathi Karthikeyan, Health Canada, 
Food Branch, Ross Ave., Sir F.G. Banting Research Centre, Room 435, Ottawa, ON, KlA 0L2, Canada 

Fruits, vegetables and ready-to-eat foods are increasingly implicated in Hepatitis A virus (I-IAV) outbreaks. 
Since only limited research has been done on virus detection in these foods as compared to virus detection in 
shellfish, this study aimed at 1) developing a rapid method for the extraction and detection of I-IAV from food 
of plant and animal origin, and 2) standardizing the sampling size for virus detection. The Pathatrix'M system, 
which relies on pumping and forceful circulation of immunomagnetic beads throughout the entire food sample, 
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has been successfully used for the capture and extraction of bacteria from foods. In this study, this system was 
adapted for 1-IAV extraction from foods. Twenty five grams each of lettuce, green onion and ham were inoculated 
with 1-IAVand placed in a stomacher bag containing 225 mL of EBSS buffer and 100 µL of anti-HAV coated 
magnetic beads. After one h of processing in the Pathatrix™, HAV-conjugated beads were separated from the 
food and suspended in 100 µL RNase-free water. This suspension was heated at 95°0 for 5 min. to release viral 
RNA, and 10 µL volumes of this suspension were run through RT-PCR cycles. Our data indicated that the 
sensitivity of detection was 10 CFU/25g of food samples tested, which suggests that the Pathatrix'" system can 
be used for rapid virus extraction and detection (within 5 h) in large sample volumes of foods. This, we believe, 
is the first report demonstrating the use of the Pathatrix™ System for the detection of viruses in foods. 

P2-01 Restaurant Inspection Pl'actices and Beliefs of Envil'onmental Health StJecialists 

LAURA GREEN and Carol Selman, RTI International, 4770 Buford Hwy., Atlanta, GA 30341, USA 

The public relies on environmental health specialists (EHSs) employed in public health agencies to ensure 
that restaurant food is safe. To that end, EHSs conduct restaurant inspections. To gain a better understanding of 
inspection practices and beliefs, we conducted six focus groups with randomly selected EHSs working in public 
health agencies in eight states (n = 42). Participants were asked to describe their most and least common and 
important inspection activities. Participants said that documenting and correcting critical violations (i.e., violat­
ions associated with foodborne illness [FBI] risk) of food safety regulations and educating restaurant managers 
about FBI risks were two of their most common and important inspection activities. They also said that docu­
menting and correcting non-critical violations (i.e., violations not associated with FBI risk) and determining 
inspection scores were two of their more common, but least important, activities. Participants believed that non­
critical violations were less important because they were not associated with FBI risk, and that inspection scores 
were less important because they often did not accurately reflect food safety (e.g., critical and non-critical 
violations often receive equal weight in scoring, even though non-critical violations are not associated with FBI 
risk). These findings indicate that many EI-ISs engage in FDA recommended activities for improving restaurant 
food safety, including focusing on FBI risks and establishing a dialog with restaurant operators in which FBI risks 
are identified and discussed. However, findings also indicate that EHSs engage in activities that are not in line with 
FDA recommendations, such as focusing on items that are not associated with FBI risk (non-critical violations). 

P2-02 Pl'evalence and Genetic Diversity of Arcobacter and Oampylobacter on Bt·oiler Carcasses 
dul'ing Processing 

DSC INSOOK SON, Mark D. Englen, Mark Berrang, and Mark A. Harrison, USDA-ARS, Bacterial Ecology 

and Antimicrobial Resistance Research Unit, Richard B. Russell Agricultural Research Center, 

950 College Station Road, Athens, GA 30605, USA 

Campylobacter is the most common cause of acute bacterial gastroenteritis in humans worldwide, and 
poultry and poultry products are a major source of infection. Arcobacter is closely related to Campylobacter 
and has recently gained attention as an emerging foodborne pathogen. However, few reports have been pub­
lished on the prevalence of Arcobacter in US poultry plants. The purpose of this study was to optimize methods 
of Arcobacter isolation and culture and to compare the prevalence of Arcobacter and Campylobacter on broiler 
carcasses from a commercial poultry processing plant. Carcasses were sampled at three sites along the process­
ing line: 1) pre-scalding, 2) pre-chilling, and 3) post-chilling. Samples were collected dttring five plant visits from 
September to October of 2004. For Arcobacter isolation, Houf broth followed by plating on Brucella agar 
supplemented with 5% lysed horse blood and cefoperazone, vancomycin, and amphotericin B (OVA) produced 
the best results. For Campylobacter, Bolton's broth was used in conjunction with plating on OVA medium. OVA 
medium was very efficient for direct plating of Campylobacter. Overall, Campylobacter was isolated from 78.5% 
(255 of 325) of the carcasses from the three collection sites, whileArcobacter was isolated from 55.1% (179 of 
325). Our results demonstrate significant contamination of broiler carcasses by Arcobacter although less than 
that found for Campylobacter. 

P2-03 Microbial Analysis of Meals Served in Foodsel'vice 

AE-SON OM, Jae-Young Shim, Jung-Eun Shin, Ji-Hye Moon, In-Hye Kim, Moon-Gi Sohn, 

and Heon-Ok Lee, I-Ianyang University, Seoul, Sungdoung-gu, 133-070, South Korea 

This study was performed to develop a basic model of predictive microbiology for microbial risk assess­
ment by analyzing microorganisms of raw materials and cooking processes known to be the main causes of 
food poisoning in foodservices. Raw materials and cooking processes were classified by manufacturing and 
heating existence and non-existence, respectively, and their hazard and new types of hazard were investigated 
by experiment. To establish a basic model of predictive microbiology for MRA, Gompertz model was applied 
and the predictive growth models for Escherichia coli in MooSaengChae, and Salmonella entertidis in 
GalbiTang, which are the most common cause of food poisoning in foodservices, were suggested. Several 
suggestions on "HACCP Guidelines in Foodservices" in Korea was made through both literature review and 
experiments, in the part of thawing, heating temperatures and time fixing when cooking, cooling of cooked 
food, reheating, management before serving, management of hot-holding and temperature at serving. There­
fore, this study has provided the basic data for guiding HACCP application to foodservices by providing the 
scientific sanitation standards for foodservices and confirming scientific foundation and objectiveness for 
assessment standards in aftercare and HACCP. 
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P2-04 Sequential Transfer of Listeria monocytogenes from a High-density Polyethylene Surface 
to Bologna 

ZI-IINONG YAN, Ewen C. D. Todd, and Elliot T. Ryser, Michigan State University, Dept. 
of Food Science and Human Nutrition, 215 G. M. Trout Bldg., East Lansing, MI 48824, USA 

Conveyor belts have been frequently targeted as a source for Listeria transfer to finished products in the 
processed meat industry. To assess this problem, duplicate high-density polyethylene (HOPE) coupons measur­
ing 10 x 10 cm were inoculated (3 replicates) with a 6-strainL. monocytogenes cocktail to yield Nl04 CFU/ 
coupon. After drying 30 min, one bologna slice (20 g) was placed on the inoculated surface and subjected to a 
5-pound deadweight for 1 min. This slice was then removed and replaced with an uninoculated bologna slice 
with this process repeated until 25 slices consecutively contacted the originally inoculated surface. Each slice 
was diluted 1:5 in phosphate buffer solution (pH 7.4) and stomached for 2 min. Five ml aliquots were pour­
plated in duplicate intol50-mm diameter Petri plates containing 20 ml of Modified Oxford agar and then 
incubated 48 hat 37°C, giving a detectable limit of 0.5 CFU/g (10 CFU/slice). Beginning with the tenth slice, 
samples were also enriched in University of Vermont Medium. Listeria populations transferred from the HDPE 
coupon to bologna decreased linearly (R2 = 0.9783) during the first 15 contacts (y = -0.1859x + 3.3053) with a 
tailing effect seen thereafter by direct count and/or positive enrichment results. Slices 1 to 5, 6 to 10 and 11 to 
15 accounted for 84.3, 11.1% and 1.9% of the Listeria cells transferred, respectively. However, the tailing effect 
seen for contacts 16 to 25 indicates continued sporadic transfer of L. monocytogenes with these low popula­
tions, posing a potential consumer risk if allowed to grow. 

P2-05 Optimization of Recovery Methods for Listeria monocytogenes from Conveyor Belt Surfaces 

ZI-IINONG YAN, Ewen C. D. Todd, and Elliot T. Ryser, Michigan State University, Dept. 
of Food Science and Human Nutrition, 215 G. M. Trout Bldg., East Lansing, MI 48824, USA 

Current recovery methods lack the ability to accurately quantify bacterial transfer between foods and 
food contact surfaces. Consequently, three different methods - (1) mechanical vortexing (3000 rpm) for 
2 min, (2) mechanical vortexing (3000 rpm) with sterile glass beads (3 to 4 mm dia.) for 2 min, and 
(3) sonication in a waterbath ( 40 kHz) for 5 min - were assessed for quantitative recovery of Listeria mono­
cytogenes from interlocking conveyor belt pieces made of high-density polyethylene (HDPE), acetyl resin (A), 
and polypropylene (PP). The top surface of the conveyer belt piece (4 x 5 cm) was inoculated with a 6-strain 
L. monocytogenes cocktail (100 µl) to contain N 105 CFU/piece and then dried for 30 min. Each piece was then 
placed in a sterile plastic jar containing 100 ml of phosphate buffer solution (PBS, pl-I 7 .0) and processed using 
the three methods. One hundred µl was plated on trypticase soy agar containing 0.6% yeast extract (TSAYE) 
and incubated 24 hat 37'C. Conveyor belt pieces were also pressed sequentially onto 5 or 6 TSAYE plates to 
quantify remaining listeriae. All three methods recovered similar numbers of Listeria from HDPE (P < 0.05). 
However, sonication and vortexing with beads removed more Listeria cells (P < 0.05) from PP compared to 
vortexing alone. Overall, recovery of Listeria was significantly greater (P < 0.05) using sonication compared 
to vortexing with or without glass beads. Thus, sonication can be used to more accurately assess bacterial 
transfer rates between foods and conveyor belt materials, with this information useful in refining current 
microbial risk assessments. 

P2-06 Use of a Sensitive Adenosine Tri1,hosphate Method to Quicldy Verify Wet Cleaning Effective­
ness at Removing Food Soils and Allergens from Food Contact Surfaces 

ROBERTS. SALTER, Sue Hefle, Lauren S. Jackson, and Katherine M. J. Swanson, Charm Sciences, 
Inc., 659 Andover St., Lawrence, MA, 01843, USA 

Rapid methods are needed to verify that food soils are removed during equipment oleaning and thus prevent 
cross contamination of foods with unlabeled allergens. The objectives of this work were to evaluate and compare 
an adenosine triphosphate (ATP) swab (AllerGiene'"), that is more sensitive than conventional ATP swabs, to 
protein-specific allergen (ELISA) kits for verifying wet oleaning effectiveness. ATP sensitivity and detection of 
several NIST food solutions (peanut butter, whole egg, milk) were measured using the sensitive ATP swab. 
Preliminary work showed sensitivity to 0.01 femtomole (fmole) ATP and detection range 1 to 25 ppm to the food 
solutions tested. The ATP/ppm ratio varied with each food type. The sensitive ATP test and protein-specific ELISA 
kits demonstrated parallel sensitivity curves and a correlation (r2 > 0.95) for each food soil. The sensitive ATP test 
and ELISA-based kits were then used to study the effects of wet cleaning protocols on food soils removal from a 
stainless steel surface. Wet cleaning parameters studied included oleaning solution temperature, cleaning time, 
and the type and detergent and/or sanitizer concentration. The sensitive ATP kit and the ELISA tests were useful 
for verifying the effectiveness of each of the wet cleaning parameters. Sensitive ATP and allergen-specific ELISA 
tests were also used to validate Sanitation Standard Operating Procedures (SSOPs) in a dairy plant using common 
equipment to process both milk, juice and water products. Sensitive ATP may be used to quickly verify food soil 
removal to ELISA test detection levels with certain food soils, during wet oleaning of food processing equipment. 
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P2-07 The Pl'oteomic Response of Escherichia coli Filaments at Tempemtul'es Near the Minimum 
fol' Growth 

TINEKE JONES, Mike Johns, Colin Gill, Austin Murray, and Lynn McMullen, Agriculture and Agri­
Food Canada, Lacombe Research Centre, 6000 C & E Trail, Lacombe, AB, T4L lWl, Canada 

Substantial fractions of Escherichia coli cells elongate to form filaments in broth cultures at temperatures 
experienced by chilled meat during storage and retail display. The mechanism for filamentation at low tempera­
tures is not known. Therefore, the proteomic response of E. coli at temperatures just below and above the 
minimum for growth was examined. Proteins extracted from E. coli at different incubation times were separated 
using 2-dimensional gel electrophoresis and differentially expressed proteins were identified using quadropole­
time of flight mass spectrometry. Levels of OsmY, a positive indicator of RpoS, were approximately 100-fold 
or 10-fold higher in cells after 1 day of incubation at 6'C or 8'C, respectively, compared to cells incubated at 
15'C. A number of proteins that were upregulated at temperatures near the minimum for growth are involved 
in protein folding and degradation, carbohydrate metabolism, electron transport, and the TCA cycle. Proteins 
that were down regulated are involved in protein synthesis or anaerobic carbon metabolism and energy genera­
tion. Cells appear to invoke the stringent response due to increased energy demands to sustain growth. DNA 
repli-cation generally ceases under unfavorable conditions but glucose inhibited division protein B (GidB) was 
upregulated, which may allow DNA replication to continue. These studies provide insight into the physiological 
response of E. coli at temperatures near the minimum for growth. 

P2-08 Fitness Problems in Eschericliia coli R-12 Transformed with a High Co1>y Plasmid Encoding 
the G1·een Fluorescent Protein 

P2-09 
DSC 

'l'HOMAS OSCAR, Kalpana Dulal, and Dwayne Boucaud, USDA-ARS, University of Maryland Eastern 
Shore, Center for Food Science and Technology, Room 2111, Princess Anne, MD 21853, USA 

The green fluorescent protein (GFP) of the jellyfish Aequorea victoria has been widely used as a biomarker 
in eucaryotic and prokaryotic cells and has potential for developing predictive models for behavior of single 
strains of bacteria in naturally contaminated food and environmental systems. However, constitutive production 
of GFP in bacteria can result in reduced fitness in the form of slower growth. Consequently, a high copy plasmid 
with gfp under the control of a tetracycline inducible promoter (pTIPgfp) was introduced into Escherichia coli 
K-12. To validate the GFP strain of E. coli K-12 for predictive modeling studies, growth kinetics of the parent 
and GFP strain were compared at 10, 25 and 40'C on sterilized cooked chicken breast meat (sterilized chicken). 
Although GFP expression was not induced during growth on sterilized chicken, maximum specific growth rate 
(umax) of the GFP strain was reduced (P < 0.05), regardless of incubation temperature. When growth kinetics 
were compared in BHI broth at 40'C, umax and maximum population density were reduced (P < 0.05) to the 
same extent in the absence and presence of tetracycline. These results indicated that the presence of the high 
copy plasmid introduced a fitness problem in E. coli K-12 in the form of slower growth and reduced cell yield 
that was independent of GFP production. Thus, use of a low copy plasmid or insertion of a single copy of GFP 
into the chromosome may be required to avoid fitness problems in GFP bacteria. 

Quantitative Analysis of the Growth of Salmonella Stanley during Alfalfa Sprouting 
and Evaluation of Enterobacter aerogenes as Its Surrogate 

BIN LIU and Donald Schaffner, Rutgers University, Food Science Dept., 65 Dudley Road, 
New Brunswick, NJ 08901, USA 

Raw seed sprouts have been implicated in several food poisoning outbreaks in the last 10 years. The US FDA 
recommends that sprouters use interventions (including testing of spent irrigation water) as means to control 
the presence of pathogens in the finished product. Few studies have looked at factors influencing effectiveness 
of testing of spent irrigation water. Alfalfa seeds were inoculated with Salmonella Stanley or its presumptive 
surrogate (Nalidixic acid resistantEnterobacter aerogenes) at three inoculum levels (3 CFU/g, 30 CFU/g, and 
300 CFU/g), then transferred into either flasks or a bench top-scale chamber. Microbial concentrations on seeds, 
sprouts or in irrigation water at different times in four-day sprouting process were determined. Data were fit to 
logistic regression models. Growth rates and maximum concentrations were compared using generalized linear 
model procedure of SAS statistical software. No statistically significant differences in growth rates were observed 
between samples taken from flasks or chamber. Microbial concentrations in irrigation water showed no statisti­
cally significant difference from samples taken at the same time from sprouts. Data analysis verified that 
E. aerogenes concentrations were similar to S. Stanley concentrations at corresponding time points, for all three 
inoculum levels. Growth rates were also constant irrespective of inoculum level or strain, except that smaller 
inoculum levels reached lower final levels proportional to their initial levels. This research demonstrates that 
a non-pathogenic, easy to isolate surrogate (Nalidixic acid resistantEnterobacter aerogenes) gives similar results 
to those obtained with S. Stanley, supporting its use in future, larger scale experiments. 
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1•2-10 
DSC 

Fecal Pat Sampling and llomogenation f01· Detection of Escherichia coli 0157 
ALEJANDRO ECHEVERRY, Loree A. Branham, Mindy M. Brashears, and Guy H. Loneragan, 

Texas Tech University, Box 42141, Lubbock, TX 79409, USA 

Human illnesses caused by Escherichia coli 0157 have been associated with the consumption of ground 

beef and other products of animal origin. In order to evaluate and compare epidemiological studies and the 
efficacy of pre-harvest interventions to reduce this pathogen, standardization and accuracy in sampling and 
detection methods are required. In this ongoing experiment, 48 bovine fecal pats were sampled. Five samples 
were collected systematically from each pat, moving west to east (positions A to E, respectively) and analyzed 
for E. coli 0157. Additionally, a homogenate was made by combining approximately 2 g from each of the five 
positions. All samples were pre-enriched and subjected to immunomagnetic separation with final confirmation 

using an agglutination test and PCR. Of the 48 fecal pats, E.coli 0157 was not recovered from 36 (75%) pats in 
either the individual positions or the homogenate. A total of 6 (12.5%), 5 (10.42%), 8 (16.67%), 6 (12.5%) and 
7 (14.58%) samples were positive in positions A, B, C, D, and E, respectively, while 7 homogenates (14.58%) 
were positive. E. coli 0157 was recovered from 41.66% of the 12 positive pats in at least one of the A-E positions 
while not being recovered from the homogenate. One of the 12 pats had a homogenate test positive while none 
of the pat's A-E positions tested positive. Due to uneven distribution of the pathogen in fecal material, the test­

ing of several samples from the same fecal pat could play a vital role in the detection of E. coli 0157 :H7. 

P2-11 Develo1nnent of Rapid Immuno-diaganostic Methods for the Detection of Atrazine in Water 

Samples 

WON-BO SHIM, Zheng-You Yang, Seon-Ja Park, Sung-Jo Kang, and Duch-Hwa Chung, Gyeongsang 

National University, Division of Applied Life Science of Graduate School, Chinju, Gyeongnam, 

660-701, Korea 

The objective of this study was development of a rapid and simple analytical method for the detection of 

atrazine (AT) in surface and drinking water. For the production of monoclonal antibodies (MAbs), hybridoma 
cells were produced by the fusion of myeloma cell (V653) and spleen cells from immunized mice with AT 
conjugated to keyhole limpet hemocyanin or bovine serum albumin, The highly sensitive Mab (AT-1-M3) was 
selected and used to develop a direct competitive enzyme linked immunosorbent assay (DC-ELISA) in the 
microtiter plate and a one step test trip based on the immunochromatographic assay. AT-1-M3 MAb reacted with 
atrazine but it did not interact with other pesticides in both methods. The sensitivity of DC-ELISA was higher 
than the one step test strips as in 0.1 ng/ml and 20 ng/ml, respectively. However, the one step test strip method 
required only 10 min to get a result and it needed only one step as a drop of sample solution in a sample pad. 
On the other hand, the DC-ELISA method required more than 1 has well as complex and multiple steps. Both 
methods were sufficiently accurate to be useful for the rapid detection of AT in various water samples. 

P2-12 Prediction of Pathogen Growth on Icebel'g Lettuce under Real Temperatures Histol'y dul'ing 
Fal'm-to-Table Distribution 

P2-13 
DSC 

SHIGENOBU KOSEKI and Seiichiro Isobe, National Food Research Institute, 2-1-12 Kannondai, 

Tsukuba, Ibaraki, 305-8642, Japan 

The growth of pathogenic bacteria Escherichia coli 0157 :I-17, Salmonella spp., and Listeria monocytogenes 

on iceberg lettuce under constant and fluctuating temperatures was modelled in order to estimate the microbial 
safety of this vegetable during distribution from the farm to the table. We examined pathogen growth on lettuce 
at constant temperatures, ranging from 5 to 25'C, and then we obtained the growth kinetic parameters (lag time, 
maximum growth rate and maximum population density (MPD)) using Baranyi's primary model and determined 

the Ratkowsky's secondary models of square root growth rate. The parameters were similar to those predicted 
by the Pathogen Modeling Program (PMP), with the exception of MPD. The MPD of each pathogen on lettuce was 
2 to 4 log CFU/g lower than that predicted by PMP. Furthermore, the MPD of pathogens decreased with a fall in 
temperature. The relationship between the MPD and temperature was described by a linear equation. Predictions 
of pathogen growth under fluctuating temperature used the Baranyi primary microbial growth model along with 
the Ratkowsky secondary model and MPD equation. The fluctuating temperature profile used in this study was 
the real temperature history during distribution. Overall predictions for each pathogen agreed well with observed 
viable counts in most cases. However, the prediction concerning E. coli O157:I-17 and Salmonella spp. on lettuce 
greatly overestimated growth in the case of a temperature history starting relatively high, such as 25'C for 5 h. 
In contrast, the overall prediction of L. monocytogenes under same circumstances agreed with the observed data. 

Pl'edictive Modeling fol' the Gl'owth of Listeria monocytogenes as a Function of Tempel'a­

tul'e, 1>H, and NaCl 

JIN-WON CHOI, Shin Young Park, Dong-Ha Lee, and Sang-Do Ha, Chung-Ang University, Dept. 

Food Science and Technology, 72-1 Naeri, Daeduk-myun, Ansung, Gyunggi-Do, 456-756, South 

Korea 
To implement scientific management of food safety, predictive microbiology can estimate the growth, 

survival, and inactivation responses of foodborne pathogens to various environmental conditions by the use 
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of mathematical models. The current study developed the predictive model on the separate effect of temperature, 
pl-I, and sodium chloride (NaCl) against of the growth of Listeria monocytogenes in tryptic soy broth (TSB). The 
TSB containing three different concentrations of NaCl (2, 4, and 5%) was adjusted to six different initial pl-I levels 
(pl-I 4, 5, 6, 7, 8, and 9) and incubated at either 4, 10, 25 or 37°C. The growth of L. monocytogenes in TSB was 
significantly (P < 0.05) inhibited by acidic or basic pl-I levels, stepwise increase concentrations of NaCl or step­
wise decrease of temperature. The growth curves were fitted to a Gompertz model to obtain lag time (LT) and 
specific growth rate (SGR) using GraphPad prism Software. All R2 values as one of the goodness of fit to the data 
obtained from the primary Gompertz model were over 0.98. In each model variables, natural logarithm transfor­
mations of LT and SGR from growth curve fits, were subjected to regression analysis using a response surface 
model to develop a secondary model. Correlation coefficient values between observed and predicted SGR and 
observed and predicted LT were 0.97 and 0.91, respectively. Therefore, these results indicated that the developed 
secondary model may be applied to predict the growth of L. monocytogenes exposed to various temperatures, 
pl-I values, and NaCl concentrations. 

P2-14 Exposure Assessment of Staphylococcus aureus Inoculated into Potentially Hazardous 
Foods in School Foodservice Operation 

EUN-JUNG KIM, Tong-Kyung Kwak, Young-Jae Kang, and Ki S. Yoon, Yonsei University, Dept. 
of Food and Nutrition, 134 Shinohon-dong, Seodaemun-gu, Seoul, 120-749, South Korea 

The objective of this study was to investigate major risk factors affecting the degree of Staphylococcus 
aureus contamination to meet the scientific criteria of I-IACCP plan for potentially hazardous foods served 
in school foodservice. The effects of competitive microorganisms, initial contamination level (102, 105), and 
storage temperatures (10, 25, 35'C) on the growth of S. aureus ATCC 25923 inoculated into cooked, poten­
tially hazardous foods (seasoned bean sprouts, glass noodles with beef and vegetables, fried-seasoned tofu, 
and meat ball) were determined. The growth curves were fitted into two-phase linear model using a GraphPad 
Prism and @Risk's simulation was used to analyze the risk factor caused high contamination level of S. aureus 
before serving. Meat ball has highest potential to become a hazardous food among the prepared foods tested 
in this study. The growth of S. aureus was accelerated with higher (105 CFU/g) contamination levels and temp­
erature (35'C), while storage at 10'0 resulted in no growth of S. aureus in all foods. In general, S. aureus 
proliferated well without competitive organisms. The highest risk factor associated with contamination level 
of S. aureus in meat ball was the prevalence of S. aureus, followed by its growth before serving and initial 
contamination level. These results indicate that the prevalence of S. aureus in potentially hazardous ingredi­
ents and cooked foods via cross-contamination is the critical risk factor and its growth must be controlled 
by keeping the cooked foods over 57°C to secure the safety of foods even under the worst situations in school 
foodservice. 

P2-15 Microbial Risk Assessment of Staphylococcus aureus in Ready-to-Eat Iumbab in Rorea 

DSC GYUNG-JIN BAHK, Deog-I-Iwan Oh, Sang-Do Ha, Chong-I-Iae I-long, and Ewen C. D. Todd, Michigan 
State University, National Food Safety and Toxicology Center, East Lansing, MI 48824-1314, USA 

This study was conducted to address specific risk management questions with Staphylococcus aureus 
in ready-to-eat Kimbab (rice rolled in !aver) in Korea using microbial risk assessment (MRA). MRA model was 
conducted by constructing four nodes from retail to table pathway. Predictive microbial growth model and survey 
data were combined with probabilistic modeling to simulate the level of S. aureus in retail Kimbab at the time 
of consumption. Due to the lack of dose-response models, the final level of S. aureus in retail Kimbab was used 
as a proxy for potential for causing illness. Therefore, we assumed the potential hazard level as 5 log CFU/g and 
estimated the possibility of contamination over this level as 30.7%. The consumption level of S. aureus through 
Kimbab was estimated as 3.67 log CFU/g. The regression sensitivity results showed that time-temperature during 
storage at selling was the most significant factor. These results suggested that temperature control under lO'C 
was a critical control point in Kimbab establishment to prevent the growth of S. aureus and showed that MRA 
was useful to evaluate several factors that influence the potential risk and to draw inferences with relevance to 
risk management. 

P2-16 Results from a Pilot Survey on Domestic Handling of Meat and Poultry in Christchurch, 
New Zealand 

Susan Gilbert, Rosemary Whyte, ROBIN LAKE, and Peter van der Logt, Institute of Environmental 
Science and Research, P. 0. Box 29-181, Christchurch, 8004, New Zealand 

To improve quantitative risk assessments for foodborne pathogens in New Zealand, preliminary data on 
domestic handling of meat and poultry has been gathered during a pilot survey in Christchurch. Meat and 
poultry were usually bought fresh, rather than frozen; 49/52 respondents (94%) bought 80% or more of their 
meat fresh, and 33/52 ( 63%) respondents bought 80% or more of their poultry fresh. Most respondents trans­
ported their food home by car (50/53; 94%) and 47/53 (89%) took less than an h to do so. Just two respondents 
(2/52; 4%) used an insulated container for transporting meat and poultry home. However, 25/52 ( 48%) usually 
packed chilled/frozen meat and poultry with other frozen foods or wrapped the meat/poultry in thick newspa­
per to carry home. Approximately 70% of the meat or poultry was reported to be frozen at home following 
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transport. Thawing preferences included: refrigerator (20%); room temperature ( 44%); and microwaving (30%). 

A total of 22/40 (55%) respondents usually used an automated dishwasher to wash up. Questions about food 
safety behaviors (handwashing before and after food preparation, use of utensils and surfaces for different 
foods, reheating leftovers, etc.) elicited a high proportion of "correct" answers in this survey, although other 
studies have demonstrated a difference between reported and observed behaviours. The majority of respon­
dents reported that they always prepared the main meal (63%) and most were female (75%). Although this 
survey of predominantly urban respondents may not be representative of New Zealand as a whole, information 

about purchasing and storage behaviours will be useful. 

P2-17 Results from a Pilot Survey of Domestic Refrigerators in Christchurch, New Zealand 

SUSAN GILBERT, Rosemary Whyte, Rob Lake, and Peter van der Logt, Institute of Environmental 

Science and Research Ltd., P. 0. Box 29-181, Christchurch, 8004, New Zealand 

To improve quantitative risk assessments for foodborne pathogens in New Zealand, preliminary data on 
food handling associated with refrigerators has been gathered during a pilot survey of 53 respondents in 
Christchurch. Respondents placed two temperature data loggers in their refrigerators (top and bottom shelves) 
for at least 72 h (one weekday and a weekend; temperatures recorded every 10 min), as well as completing a 
questionnaire about food handling in relation to refrigerators. Respondents also provided a photograph of the 
open refrigerator, so that layout could be assessed. '1\venty three ( 43%) refrigerators had average air tempera­
tures between 1 'C and 5'C, while 26 ( 49%) had average air temperatures between 5'C and 7°C, and 4 (8%) had 
average air temperatures over 7°C. The refrigerator with the warmest average air temperature recorded 9.9'C. 
The average difference between the maximum and minimum temperature recorded inside the refrigerators was 
6'C. The highest temperature recorded was 16.5'C, Most refrigerators (72%) recorded higher temperatures on 
the top shelf than on the bottom shelf. From the questionnaire, out of the 52 people who answered the ques­
tions, 42 (80%) correctly identified that food should be kept between l'C and 5'C, but 50 (96%) did not have a 
refrigerator thermometer. None of the refrigerators surveyed h_ad an inbuilt thermometer; although many had 
graduated setting scales. Just over half of the respondents (52%) stated they never changed their thermostat 
settings. The temperature profiles provided by the data loggers will allow the assessment of potential growth 
by pathogens, if present. 

P2-18 Acute and Subacute Toxicity and Antimicrobial Activity of Nano Au 

AE-SON OM, Jae-Young Shim, Young-Mi Cho, In-Hye Kim, Dai-Sam Kang, and Heon-Ok Lee, 

I-Ianyang University, Seoul, Sungdoung-gu, 133-070, South Korea 

This study is performed to investigate toxicity and antimicrobial activity of Nano Au (nanosize metallic 
gold particles which have potential as antimicrobial agents) both in vivo and in vitro. 5 week-old ICR mice and 
Spraugue Dawley (SD) were used and raised for 14 days for the acute toxicity test and were divided into three 
subgroups (n = 10); mice received oral administration doses of 0, 3000, 4000 ppm/kg b.w., and rats of 0, 5000, 
6000 ppm/kg b.w. In subacute toxicity test, rats were divided into four groups (n = 10) and received oral doses 
of 0, 50, 500, 5000 ppm/kg b.w. for 28 days. In both acute toxicity and subacute toxicity test, the body weight, 
consumption of feed and drinking water did not differ in ICR mice and SD rats. In subacute toxicity test, blood 
biochemistry test showed no difference; however, glucose and TG level in experimental groups were signifi­
cantly lower than in control group (P < 0.05). It fell into the normal range. Nano Au had strong antimicrobial 
activity against gram-negative microorganisms, gram-positive microorganisms, and yeast. Especially, in case 
of Salmonella Enteritidis, Streptococcusfaecalis, Candida albicans, all died in 5 ppm of Nano Au at one-h 
incubation. This result demonstrated that Nano Au has no toxicity in 0, 2,000, 3,000 ppm/kg b.w. in ICR mice 

and 0, 50, 500, 5,000, 6,000 ppm/kg b.w. in rats. Also, it has strong antimicrobial activity . 

. P2-19 Adsorption of Cadmium and Lead by Various Cereals from Rorea 

Hyo-Jung Park, Mi-Hae Kim, Soon-Mi Shim, and GUN-HEE KIM, Duksung Women's University, 

Dept. of Food and Nutrition, 419 Ssangmun-Dong Dobong-Gu, Seoul, 132-714, South Korea 

The occurrence of heavy metal contaminants in crops has been mainly an issue in countries that consume 
cereals as the primary source of nutrition, The content of heavy metals (Hg, Pb, Cd, and As) of cereals con­
sumed in Korea and their binding capacity to Pb and Cd in an in vitro digestion model were analyzed. Heavy 
metal contents of 18 kinds of cereals were measured by atomic absorption spectrophotometer for Pb, Cd, and 
As and by a mercury analyzer for Hg. The cereals were also prepared in both the soluble and the insoluble 
fraction to examine the extent of their binding capacity to Pb and Cd under a simulated gastric solution. The 
average concentrations of heavy metals for this study were 1.31, 10.7, 0.71, 48.6 µg/kg for Hg, Pb, Cd, and As, 
respectively. The insoluble fraction showed higher binding capacity to Pb and Cd than the soluble fraction in 
all cereals tested, For Pb adsorption, the insoluble fraction of prosomillet (84.1%) was the most effective, 
followed by black rice (83.4%), job's tears (83.6%), wheat (83%), and buckwheat (81.8%). Likewise, Cd adsorp­
tion by the insoluble fraction of prosomillet (99.7%) was the highest, followed by brown glutinous rice (99.5%), 
wheat (97. 7%), black rice (97.1%), brown rice (96.5%), and job's tears (94.5%). In conclusion, heavy metals 

in cereals from Korea were at low levels ( < 100 ppb ). This study suggests that such cereals as prosomillet can 

be used as an adsorbent of Pb and Cd for enhancing the excretion of Pb and Cd from the human body. 
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P2-20 
DSC 

Antibiotic Resistance Patterns in Esclierichia coli 0157 Isolates Collected from 2001 to 
2004 

LOREE A. BRANHAM, Karen M. Killinger Mann, Jason E. Mann, Mindy M. Brashears, 
and Guy H. Loneragan, Texas Teoh University, Box 42141, Lubbock, TX 79409, USA 

Using antimicrobial drugs in animals destined for human consumption has become a great public concern 
due to the potential development and dissemination of antibiotic resistance through the food chain. E. coli 
0157 isolates recovered from cattle fed typical finishing rations containing monensin and tylosin were exam­
ined for susceptibility to 16 antimicrobial drugs and antimicrobial combinations. Of banked isolates recovered 
from 2001-2004, 25 isolates representing each year were evaluated for a total of 100 isolates. Minimum 
inhibitory concentrations (MIGs) were determined using standards set by the National Antimicrobial Resis­
tance Monitoring System. Thirty-six percent of the isolates were resistant to at least one antimicrobial drug. 
Nine percent of the isolates were resistant to two antimicrobial drugs, i.e., sulfamethoxazole and tetracycline. 
Resistance to tetracycline was only identified in isolates from 2001. Two isolates were resistant to three 
different antimicrobial drugs; one isolate was resistant to amoxicillin/clavulanic acid, cephalothin, and cefoxitin 
while the other was resistant to streptomycin, sulfamethoxazole, and tetracycline. Thirty percent were resis­
tant to sulfamethoxazole. Substantial variation in the proportion of isolates resistant to sulphamethoxazole 
was observed between years (10 isolates in 2001, 0 in 2002, 1 in 2003, and 19 in 2004). The drugs to which 
resistance was observed most commonly after sulfamethoxazole were tetracycline and oephalothin (10% and 
6% resistant, respectively). Overall, 2004 and 2001 had the greatest number of isolates resistant to at least 
one antimicrobial drug (19 and 11, respectively) compared to 2003 and 2002 (4 and 2, respectively). 

P2-21 Antimicrobial and Genetic Characterization of Salmonella spp. Isolated from Broiler Washes 
from Four Different Sampling Points 

TYRICO ENGLISH, Rita Stevenson, N'jere Austin, Leonard L. Williams, Lloyd T. Walker, and 
Aretha Clisby, Alabama A&M University, 4900 Meridian St., Normal, AL 35762, USA 

The objectives of this study were to determine the antimicrobial resistance profile of Salmonella spp. 
isolated from whole broiler rinses at four sampling points (preohill, post chill, rehang and reprocessing). One­
hundred and sixty whole broiler carcasses selected from four different sampling points (rehang; reprocessing; 
preohill and post chill) were analyzed for Salmonella spp. using tetrathionate as an enrichment broth and 
bismuth sulfite and brilliant green agar (BSA and BGA) as selective media. The isolates were characterized for 
production of sugars, reaction to O and H antisera, and use of primers ST 11 and ST 15, which are specific for 
Salmonella by per assay. To determine antibiotic resistance profile, 10 different antimicrobial agents (ampioil­
lin, oefafzolin, oefixime, clindamycin, gentamioin, novobiocin, rifampin, speotomycin, tetracycline and 
trimethoprim) were used by the disk diffusion method. Forty-eight (30.0%) of broiler samples were positive for 
Salmonella. A total of 360 isolates were obtained, of which 75 (20.8%) were positive for Salmonella, using 0 
and I-I antisera. Of the 75 Salmonella positive isolates, 38 (50. 7%) gave positive par for detection of Salmonella 
and these isolates were tested for their antimicrobial susceptibility. Of the 10 antimicrobial agents tested, 53% 
of pre-chill; 50% post chill; 88.2% reprocessing and 69.2% of rehang isolates were resistant to the antimicrobial 
agents. The findings indicate that high levels of antimicrobial resistant strains Salmonella can be isolated from 
broiler carcasses and use of per and antimicrobial profiles may be a useful epidemiological tool. 

P2-22 Chamcterization of Multi-Antimicrobial Resistant Enterohemorrhagic Escherichia coli 
Isolated from Whole Broiler Carcass Rinses 

N'JERE AUSTIN, Rita Stevenson, Tyrioo English, Leonard L. Williams, Lloyd T. Walker, and Aretha 
Clisby, Alabama A&M University, 4900 Meridian St., Normal, AL 35762, USA 

The objectives of this study were to determine the antimicrobial resistance profile and the presence of 
the verotoxin (VT) and attachment and effacement (Eae) genes of isolates from whole broiler rinses from four 
different sampling points. One-hundred and sixty whole broiler carcasses selected from four different sampling 
points (rehang; reprocessing; prechill and post chill) were analyzed for E.coli 0157:1-17 using modified tryptic 
soy broth supplemented with novobiocin as an pre-enrichment broth and cefixime-tellurite sorbitol MacConkey 
agar (CT-SMAC) as selective media. The isolates were characterized for glucoronidase activity, reaction to 
0157 and I-17 antisera, and the presence of VT 1 or 2 and E. coli attachment and effacement genes by per 
assay. To determine antibiotic resistance profile, 10 antimicrobial agents were used by the disk diffusion 
method. Sixty (37.5%) of broiler samples were positive for E. coli. A total of 235 isolates were obtained, 
ofwhich47 (20%) were O157:I-17; 40 (17%) O157:non l-17; and 148 (63%) non 0157:1-17. Of the 47 O157:I-17 
positive isolates, 35 (74.5%) gave positive per for both VT andEae genes and these isolates were tested for 
their antimicrobial susceptibility. Of the 10 antimicrobial agents tested, a total of 78.6% of the isolates from 
rehang, reprocessing and pre-chill were resistant, while 3.7% were sensitive to the antimicrobial agents. This 
antimicrobial resistant profile indicates that there is a possible increase in antibiotic resistance among EHEC 
strains in poultry. This trend could potentially pose a serious threat to controlling EHEC infections in suscep­
tible populations. 
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P2-23 Diversity of Plasmid Mediated Multidrug Resistance in Proteus mirabilis Isolates from Retail 
Meat Products 

SHIN-I-IEE KIM and Cheng-i Wei, Oklahoma State University, Dept. of Nutritional Sciences, 
Stillwater, OK 74078, USA 

The extensive use of antibiotics in medical and agricultural practices has resulted in widespread horizon­
tal transfer of mobile genetic elements carrying resistance genes between bacterial species. Emergence of 
multidrug-resistant bacteria is of particular concern because of their potential for widespread dissemination 
and acquisition of additional resistance genetic elements. In this study, antibiotic-resistant Enterobacteriaceae 
were isolated from retail meat products. Among the tested strains, Proteus mirabilis was prevalently detected 
as a multidrug-resistant species. Therefore, diversity of integron-mediated antibiotic resistance genes in these 
Proteus mirabilis isolates were evaluated for better understanding of dissemination of the resistance genes 
between species in meat products. A total of 64 multidrug-resistant isolates of Proteus mirabilis were 
obtained, and their antibiotic resistances were examined by Kirby-Bauer disc diffusion test. The types of 
resistance genes were determined by polymerase chain reaction assay and DNA sequencing. Most of these 
isolates were resistant to ampicillin, tetracycline, and gentamycin, and kanamycin. Class 1 integrons were 
detected as a common carrier of the antibiotic-resistant genes, such as aadAl, aadB, and aadA2. A few 
isolates (9%) contained class 2 integrons with three gene cassettes included, the dhfrl, satl, and aadAl. These 
isolates were even resistant to nalidixic acid due to mutations in the gyrA and parC. All ampicillin-resistant 
isolates contained blaTEM-1. Plasmids containing class 1 or 2 integrons and blaTEM-lwere able to be trans­
ferred from P. mirabilis isolates into E. coli by conjugation, indicating that conjugal transfer could contribute 
to the dissemination of antibiotic-resistance genes between the Enterobacteriaceae species. 

P2-24 SubtY}Jing of Antibiotic Resistant Generic Escliericliia coli by Manual and Automated 
HindIII Riboty1,ing 

L.D. GOODRIDGE, University of Wyoming, Dept. of Animal Science, 1000 East University Avenue, 
Dept 3684, Laramie, WY 82071, USA 

Escherichia coli is both the most common commensal bacterium and the most frequent community­
acquired pathogen in humans. A method for ribotyping of this organism, which uses HindIII for restriction of 
DNA, has proved useful for source tracking of a number of isolates of E. coli. However, it has not been extensively 
studied as a method of subtyping antibiotic resistant E. coli isolates. In the present study the I-JindIII ribotyping 
method was used to investigate strains of antibiotic resistant generic E. coli and provided subtyping data that 
were consistent with information obtained from antibiotic susceptibility typing investigations. The method was 
able to distinguish between multi drug resistant isolates of E. coli (defined in this study as resistant to 3 or more 
antibiotics) and isolates of E. coli that were resistant to two or less antibiotics. Several distinct ribotypes were 
found within the multidrug isolates, which agreed with pulsed field gel electrophoresis typing of the isolates. 
Although the ribotyping method proved to have a superior discriminatory ability in resolving clusters, it does not 
have high enough throughput for use in epidemiological investigations of antibiotic resistant bacteria. Therefore 
the method was adapted for use in automated ribotyping with a RiboPrinter, and the results were compared with 
those obtained by manual ribotyping. Both methods produce equivalent results and are useful for obtaining 
epidemiologically relevant subtyping data on antibiotic resistant isolates of E. coli. 

P2-25 Staphylococcal Cassette Chromosome mec (SCCmec) Characterization and Molecular Analysis 
for Methicillin-resistant Staphylococcus aureus Isolated from Bovine Milk in Iforea 
Nam Hoon Kwon, Kun Taek Park, Jin San Moon, Woo Kyung Jung, So Hyun Kim, Jun Man Kim, Soon 
Keun Hong, Hye Cheong Koo, Yi Seok Joo, and YONG HO PARK, Seoul National University, Dept. of 
Microbiology, College of Veterinary Medicine, School of Agricultural Biotech., Sillim dong, Gwanak 
gu, Seoul, 151-742, Korea 

Methicillin-resistant Stapylococcus aureus (MRSA) is one of the most prevalent pathogens that cause 
nosocomial infections. MRSA produces a specific penicillin-binding protein PBP2a that is responsible for the 
B-lactam antibiotic resistance. PBP2a is encoded by the mecA gene carried by a large mobile genetic element, 
staphylococcal cassette chromosome mec (SCCmec). SCCmec element contains the mec gene complex com­
posed of the mecA gene and its regulators, and the ccr gene complex that encodes site-specific recombinases 
responsible for the mobility of SCCmec. Fourteen MRSA and a silent mecA carrying methicillin susceptible 
S. aureus (smMSSA) were isolated from milk of cows suspected to be infected with S. aureus in Korea, for an 
isolation rate of 0.18%. On the basis of SCCmec analysis, SCCmec of 13 strains was classified as subtype IVd, 
and one smMSSA strain was not classified. Interestingly, one MRSA strain was found to harbor novel combination 
of class D mec gene complex and type 2 ccr gene complex, which was designated as new SCCmec type VI in this 
study. All the MRSA and smMSSA isolates showed no multi-drug resistance and had community-acquired MRSA 
(C-MRSA) characteristics. Pulsed-field gel electrophoresis revealed that all the MRSA isolates belonged to the 
same genetic lineage, and multilocus sequence typing analysis showed that MRSA strains had no genetic related­
ness with C-MRSA which caused human infection in Korea. This study suggests that the emergence of C-MRSA 
in human infection might not be correlated with MRSA isolated from bovine milk in Korea. 
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P2-26 Difference of Molecular Chamcteristics of Vancomycin-resistant Enterococci between Poultry 
and Humans in Iforea 

Soon Keun Hong, Woo Kyung Jung, Ji Youn Lim, Nam Hoon Kwon, Yasuyoshi Ike, Koichi Tanimoto, 
Suk Kyung Lim, Jun Man Kim, Hye Cheong Koo, So Hyun Kim, and YONG HO PARK, Seoul National 
University, Dept. of Microbiology, College of Veterinary Medicine, School of Agricultural Biotech., 
Sillim dong, Gwanakgu, Seoul, 151-742, Korea 

It has been suggested Vancomycin-resistant Enterococci (VRE), which cause serious illness and result in 
limited therapeutic options in hospitalized patients, were induced by the use of glycopeptide antibiotics in 
human medicine and animal husbandry. We investigated phenotypic and genetic characteristics of the VRE 
isolates from humans and animals in Korea. All the VRE isolates were highly resistant to vancomycin (MIC > 
512 µg/ml) and teicoplanin (MIC 32 µg/ml), and showed multi-drug resistance. Phenotypioally, VRE from 
humans (23) and poultry (20) presented different patterns of resistance to Am, Gm, and P and Te. Most human 
isolates (18/23), but only three poultry isolates, were able to transfer vancomycin resistance between Entero­
cocci. Pulsed-field gel electrophoresis (PFGE), overlapping PCR of Tn1546, and sequencing analyses were 
performed to compare genetic characteristics between humans and poultry isolates. PFGE revealed extensive 
heterogeneity with no PFGE-deduced genetic overlap between VRE from different origin. Structural analyses 
of the Tnl546 showed that 20 of 23 VRE from humans had insertion sequences, IS1542, IS19, or IS1216V in 
orf2-vanR, vanS-vanl-1 or vanX-vanY region, respectively, whereas only 3 out of 20 VRE from poultry had only 
one kind of insertion sequence, IS1216V, in vanX-vanY region. In conclusion, no evidence of clonal or horizon­
tal dissemination of VRE between humans and poultry was determined in Korea. It suggests that the evolution 
of VRE of humans and poultry origin may be different and more likely related to the glycopeptide antibiotics 
use in human hospital and avoparcin use in animal, independently. 

P2-27 Antimicrobial Resistance in Generic Esche1•icliia coli Isolated from Commercial Beef Packing 
Plant 

MUEEN ASLAM and Cara Landers, Agriculture and Agri-Food Canada, 6000 C & E Trail, Lacombe, 
AB, T4L lWl, Canada 

This study was designed to gain information about the antimicrobial resistance (AMR) in generic Escheri­
chia coli recovered from a commercial beef packing plant. E. coli isolates were recovered using a hydrophobic 
grid membrane filtration method by direct plating on SD-39 medium. A total of 129 isolates comprising 27 and 
33 from hides and ground beef respectively and 23 isolates each from oonveyers, beef trimmings and washed 
carcasses were analyzed. The antimicrobial resistance was evaluated using the Sensititre system and the genetic 
characterization of these isolates was performed using the RAPD method. Of the 129 isolates, 43% were sensi­
tive to all 15 antimicrobials tested. Resistance to tetracycline was observed in 46% of E. coli isolates followed by 
resistance to amoxicillin/olavulanic acid (14% isolates) and streptomycin (12% isolates). A higher percentage of 
E.coli isolates recovered from oonveyers (39%), beef trimmings (65%) and ground beef (55%) were resistant to 
;;;,; 1 antimicrobials. The resistance to ;;;,; 1 antibiotics was observed in 33% and 13% of E. coli isolates recovered 
from the hides and washed carcasses, respectively. The RAPD analysis showed that the majority of E. coli 
isolates were genetically diverse. The results of this study suggest that AMR E. coli were prevalent in a commer­
cial beef packing plant and E. coli recovered from conveyers, beef trimmings and ground beef somehow 
encountered a higher selection pressure. These findings are significant for the beef processing industry and to 
our knowledge AMR in E. coli recovered from various sources in a commercial beef packing plant have not been 
reported previously. 

P2-28 Characterization of Staphyloccocus aureus Isolates from Milk by RAPD Analysis and Antibiotic 
Disk Diffusion Method 

Wendy Lang, LEONARD L. WILLIAMS, Cornelius Howard, Krishuan Caldwell, and Vamsi Vasireddy, 

Alabama A&M University, 4900 Meridian St., Normal, AL 35762, USA 

The objectives of this study were to determine the antimicrobial profiles and genetic diversity of Staphy­
loccocus aureus isolates from clinical and milk samples. Twenty-two milk and twenty-eight clinical samples 
were analyzed for S. aureus, using tryptone soy broth supplemented with 10% sodium chloride and sodium 
pyruvate as an enrichment broth and Baird-Parker agar supplemented with egg yolk-tellurite as a selective agar. 
Plates exhibiting dark color colonies were characterized biochemically with mannitol salt agar, catalase activity 
by slide spot test, deoxyribonuclease enzyme production with Dnase agar and S. aureus specific (Clf A and Meo 
A) gene by PCR assay. To determine the antimicrobial susceptibility profile, 12 antimicrobial agents were tested 
by the disk diffusion method. The isolates were further characterized by random amplified polymorphic DNA 
analysis, using six universal primer pairs. Results indicated 100% of the samples were positive for the produc­
tion of oatalase, coagulase and deoxyribonuclease enzyme activity. Fifty (100%) isolates were positive for Clf A 
gene and 12 (24%) for Mee A gene, and these Clf A and Meo A positive isolates were tested for their antimicro­
bial susceptibility. Of the 50 strains tested, 67% of the strains were sensitive, while 63% were resistant to 
antibiotics. RAPD analysis indicated 20% of the isolates had similar profiles and strains resistant to multiple 
antibiotics exhibited higher number of polymorphic fragments (12) compared to sensitive (8) strains. Based on 
the antibiotic susceptibility and random amplified polymorphic DNA patterns, this study indicates that both 
methods are useful for the characterization of S. aureus. 
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P2-29 Mold Growth Response to Vapors of Cinnamon, Lemon Grass and Orange Peel Extracts 
Claudia Coronel, Enrique Palau, and AURELIO L6PEZ-MALO, Universidad de las Americas-Puebla, 
Sta. Catarina Martir, Cholula, Puebla, 72820, Mexico 

A wide range of natural antimicrobial sources is being evaluated. However, data on the effect of vapors of 
natural antimicrobials are scarce. The effect of cinnamon (C), lemon grass (L) and orange peel (0) extract 
vapors (0.25, 0.5 or 1 mVI of air) onAspergillusflavus, A. niger, A. parasitious, Penicillium digitatum and 
P. italicum growth response were evaluated. Cinnamon sticks, dried lemon grass and orange peel were milled 
with sufficient ethanol, filtered, vacuum concentrated to dryness and dissolved in 50 ml of ethanol. For every 
mold, PDA plates were inoculated (2 microl of a 106 spore/ml), incubated at 25'C in 5 liter hermetic chambers, 
and observed every third day for 14 days, measuring the colony diameter. The increase in C, Lor O extract 
concentration in the air significantly (P < 0.05) affected mold colony diameter. Minimal inhibitory concentra­
tion for each mold depends on the extract concentration being higher for O followed by L and C vapors. An 
atmosphere with 0.25 ml vapor extract/I air had little effect on mold growth; similar colony diameters were 
obtained in these systems and in the controls (air). A. flavus colony diameter was 80% lower than in the 
control when 1 ml C vapor/I air was used, whereas the rest of evaluated molds were complete inhibited. In 
general, A. flavus was more resistant than the other molds. C, L and O vapors are promising antifungal agents 
for foods compatible with their flavor and odor, such as baked goods, dairy and certain fruit-based products. 

P2-30 Antibacterial Effects of Vaporized Essential Oils from Spice against Vibrio Species 
DONG-HWA SHIN, Mi-Ji Yoo, and Yong-Suk Kim, Chonbuk National University, Faculty of Biotech., 
Dukjin-Dong, Jeonju, Chonbuk, 561-756, Republic of Korea 

Antibacterial effects of seven essential oils from four spices (ginger, mustard, garlic and clove) against three 
Vibrio species on BI-II agar medium and sliced raw flatfish were examined by gaseous contact methods. Growth 
of V. parahaemolytious ATCC 17802 on BI-II agar medium was completely inhibited by treatment with 1,000 
ppm of vaporized natural and synthetic mustard oil. V. vulnificus 02 isolated from a hospital patient was 
inhibited at the level of 75.2 and 80.3% by treatment with 500 and 1,000 ppm of clove leaf essential oil, 
respectively, and showed stronger tolerance than that of V. parahaemolyticus against the essential oils tested. 
However, the essential oils tested showed weak growth inhibitory effect upon V. vulnificus 01. In addition, 
synergistic effects by using a mixture of essential oils were shown in most of the microorganisms tested. Viable 
cell population of Vibrio spp. which were inoculated on the sliced raw flatfish were decreased at the level of 1-2 
log CFU/g by treating 1,000 ppm of vaporized natural and synthetic essential oil during storage at 20'C but did 
not show significant difference at S'C. From these results we estimated that the vaporized natural and syn­
thetic essential oil of mustard have strong antibacterial effect and could be used potentiality as a pretreated 
modified atmosphere packing agent to extend the shelf life of food. 

P2-3 l Rilling and Suppressive Effects of the Combination of Cranberries and Wild Blueberries on 
Esclierichia coli Ol57:H7, Listeria monocytogenes, Salmonella Typhimul'ium, and Staphylo­
coccus aureus 
VIVIAN C.H. WU and Xujian Qiu, University of Maine, Dept. of Food Science and Human Nutrition, 
5735 Hitchner Hall, Orono, ME 04469-5735, USA 

We investigated the synergistic antimicrobial effects of cranberries and blueberries for the foodborne 
pathogens Escherichia coli 0157 :H7, Listeria monocytogenes, Salmonella 'l'yphimurium, and Staphylococcus 
aureus, in both water and growth media. According to our preliminary results, a berry concentrate mixture [5% 
(v/v) blueberry and 5% cranberry concentrate] was prepared in distilled water (DW) for the study of the bacteri­
cidal effect, and in Brain Heart Infusion (BI-II) broth for the suppressive effect. Pathogen cocktail was inoculated 
( 4 log CFU/ml) in both DW and BHI and incubated at TC and 21 'C. Pathogen counts were made for the DW at 0, 
1, 5, 7, and 24 h, and for the BI-II on day 0, 1, 3, and 5. A synergistic berry powder blend (10% w/v) was also 
evaluated. Results from the DW experiments showed that while no reduction of pathogens was observed in pure 
DW at TC or 21 'C, bactericidal effects on four pathogens started at 1 h in berry concentrate mixture and berry 
powder blend. At 24 h, noL. monocytogenes, S. Typhimurium and S. aureus were recovered from the berry 
concentrate mixture treatments. The berry powder blend, which was developed for enhancing gastrointestinal 
health, showed 2 log CFU/ml reduction of E.coli 0157:1-17. BI-II data indicated that the growth of all pathogens 
tested was reduced (4 to 9 log CFU/ml difference) compared to the negative control at both temperatures. The 
synergistic effects of cranberries and blueberries have not only heath benefits but significant antimicrobial 
effects. It may be considered for food applications. 

P2-32 Inhibition of Entel'ic Foodborne Vimses by Natural Pe11tide and Pl'otein 
Joseph Eid, Claude Cote, Ismai:l Fliss and JULIE JEAN, Universite Laval, Dept. of Food Science and 
Nutrition, Comtois Bldg., Quebec, QC, GlK 7P4, Canada 

It is well known that some dairy proteins or peptides are potent inhibitors towards several bacteria. For 
instance, lactoferricin, a peptide obtained from the enzymatic hydrolysis of lactoferrin, shows antibacterial 
activities against Escherichia coli, Listeria monocytogenes and Salmonella. Furthermore, natural peptides called 
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bacteriocins, produced by various bacterial species, have been isolated and studied for their antibacterial effects. 
However, very few studies have demonstrated the potential of those proteins and peptides against foodborne 
viruses. In this study, the inhibitory effects of bovine lactoferrin and nisin A against hepatitis A virus (HAV) and 
human rotavirus were evaluated. Different concentrations of these inhibitory substances were added at one or 
more of three time points during indirect immunofluorescence and plaque reduction assays. Cytotoxic effect of 
lactoferrin on host-cells (FRhK-4, MA-104) was not observed at any concentrations tested (0 to 3 mg/ml), with 
cell viability higher than 85%. An inhibition of 76% of I-IAV replication was observed when 2 mg/ml of lactoferrin 
were present with cells and viruses for the entire assay period. However, nisin A have shown a cytotoxic effect 
at concentrations higher than 500 µg/ml for MA-104 and 200 µg/ml for FRhK-4, with viability of 58% and 32%, 
respectively. The exposure of cell lines and viruses to 100 µg/ml of nisin A has resulted in 78% and 99% inhibition 
of I-IAV and rotayirus replications, respectively. This work showed the interesting potential of natural substances 
to inhibit foodborne enteric viruses. Further work remains necessary to elucidate the mechanisms involved in 
the antiviral activity of these inhibitory substances. 

P2-33 Effect of Sodium Hexametapbosphate against Carnobacterium viridans 

DSC ANAS AL-NABULSI and Richard Holley, University of Manitoba, Dept. of Food Science, Winnipeg, 
MB, R3T 2N2, Canada 

P2-34 
DSC 

P2-35 
DSC 

Camobacterium viridans causes green discoloration of cured meat products. The study objective was to 
evaluate the antimicrobial activity (AM) of sodium hexametaphosphate (SHMP) (a metal chelating agent added 
to cured meat products to enhance moisture) against C. viridans in Lauria broth (LB) or All Purpose Tween 
(APT) broth containing 0.5 or 2.5% NaCl during incubation at 30, 10, or 4°O .. The AM of SHMP was found to be 
dependent on its concentration, temperature, type of growth medium and NaCl concentration, One or 3 mg/ml 
SI-IMP was bacteriostatic at tested temperatures in LB containing either 0.5 or 2.5% NaCl. No effect of 1 mg/ml 
SI-IMP was found in APT while the bacteriostatic effect of 3 mg/ml at 30°0 in the presence of 0.5% NaCl was 
eliminated at lower temperatures or in the presence of 2.5% NaCl. The bactericidal effect (4 log reduction) 
of 5 mg/ml of SI-IMP after 16 h in both broths containing 0.5% NaCl at 30°0 became bacteriostatic when NaCl 
was increased to 2.5% or when the temperature of LB was decreased. In APT containing 5 mg/ml SI-IMP, 
C. viridans increased :s 3.3 and :s 0.80 log CFU/ml at 10 and 4°0, respectively, regardless of NaCl level (0.5 
or 2.5%). The reduced activity in APT may be explained by the greater concentration of divalent cations 
in APT and by the greater capacity of C. viridans to grow in the presence of NaCl. 

Reduction of Eschet·ichia coli 0157:H7 from Refrigerated Nitrogen Packed Ground Beef Using 
Microencapsulated Allyl lsothiocyanate (AIT) 

PEDRO CHACON and Richard Holley, University of Manitoba, Dept. of Food Science, Faculty of 
Agricultural and Food Sciences, 250 Ellis Bldg., 13 Freedman Crescent, Winnipeg, MB, R3T 2N2, 
Canada 

Allyl isothiocyanate (AIT) is an effective inhibitor of various pathogens but its use in the food industry has 
been curtailed by its volatility and pungency. To overcome these problems AIT was microencapsulated in gum 
acacia and tested for antimicrobial potency against Escherichia coli 0157:I-17 in refrigerated ground beef. 
Twenty-five grams of aseptically ground beef were inoculated with a five-strain cocktail of E. coli 0157:I-I7 to 
yield 4 or 8 log CFU/g. AIT at four levels was microencapsulated in gum acacia and freeze dried at a ratio of 
1:4 (wall: AIT). Microcapsules were mixed with the meat samples, nitrogen packed, and stored at 4°0 for 18 cl. 
Samples were analyzed for E. coli 0157:H7 and the total aerobic count (TAC) every 3 cl. AIT concentrations 
of 4980 ppm eliminated both low and high levels of inoculated E. coli 0157:H7 after 15 and 18 cl of storage, 
respectively. AIT at 2828 ppm reducedE. coli 0157:I-!7 :s 2.7 log CFU/g after 18 cl storage. AIT levels< 1000 ppm 
were not effective in reducingE. coli 0157:I-!7 viability. AIT levels of 170 to 1480 ppm had negligible effects on 
TAC, while 4980 ppm kept the TAC< 3 log CFU/g during 18 cl storage compared with 7.25 log CFU/g in control 
samples. Work showed that AIT microencapsulated in gum acacia could be used in refrigerated ground beef to 
eliminate large numbers of E.coli 0157:I-!7. 

Antibacterial Effect of Nisin-adsorbed Silica and Corn Starcb Powder against Listeria 
monocytogenes 

BYUNGJIN MIN, Inyee I-Ian, and Paul L. Dawson, Clemson University, Dept. of Food Science 
and Human Nutrition, Clemson, SC 29634, USA 

Nisin is an antimicrobial produced by Lactococous lactis and is very effective against gram positive bacteria 
including Listeria monocytogenes. However, it is difficult to retain nisin activity in food products because food 
components, processing treatments and storage conditions can block or reduce activity rapidly. This has 
prompted research on retaining antimicrobial activity and applying new techniques to deliver a more controlled 
effect. This study tested the efficacy of silica and corn starch powders to adsorb nisin, using different nisin levels 
in the adsorbing solution. It was determined, using the agar diffusion method, that antimicrobial activity of nisin 
adsorbed silica powder increased continuously as nisin concentration of the adsorbing solution increased from 
200 IU to 600 IU. No increase in inhibition of L. monocytogenes at nisin levels over 600 IU was found. Residual 
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nisin activity was found in the supernatant after centrifugation. At 600 IU, nisin activity of silica powder was 87% 
of original adsorbing solution. Antimicrobial activity of nisin adsorbed corn starch powder increased continuously 
as nisin solution increased from 200 IU to 700 IU. The use of adsorbing solutions containing over 700 IU of nisin 
showed no increase in L. monocytogenes inhibition. However, at 700 IU, nisin activity of corn starch was only 
29.4% of original adsorbing solution. The optimal concentration of nisin adsorbed silica and corn starch powder 
against£. monocytogenes can be estimated by efficiency of adsorption and cost of ingredients. Further research 
will investigate the use of alternate antimicrobials to obtain a more efficient adsorption rates. 

Inhibition of Listeria monocytogenes by Natural Plant Extracts in Brain Heart Infusion Broth 
at 4 °C and l0°C 

NATALIA WEINSETEL and Aubrey Mendonca, Iowa State University, 2312 Food Science Bldg., 
Ames, IA 50011, USA 

The inhibition of Listeria monocytogenes by cranberry and grape seed extracts in brain heart infusion (BI-II) 
broth was evaluated. Stationary-phase cells grown in BI-II broth (35'C) were harvested by centrifugation and 
washed in 0.85% (w/v) saline. Cranberry extract (CE) and grape seed extract (GSE) were added separately to 100-
ml portions of BI-II broth to obtain the following concentrations of CE: 1%, 3%, 5%, and 10%, and of GSE: 1%, 5%, 
and 10%. Broth without added extract served as control. Erlenmeyer flasks (250-ml) containing BI-II broth were 
inoculated with a 5-strain mixture of L. monocytogenes to obtain 105 CFU/ml and then incubated at 4 •c and lO'C 
for 42 days. Populations ofL. monocytogenes survivors were determined on day 0, 1, 7, 14, 28, and 42 by surface­
plating samples on BI-II agar and counting bacterial colonies after incubation (35'C, 24 h). CE (3% or 5%) was 
bacteriostatic to L. monocytogenes at 4 'C and lO'C for 42 days. The highest concentration of CE (10%) was 
bactericidal, reducing initial numbers ofL. monocytogenes by 3 log (4°C) and 5 log (l0°C) at day 7. GSE (5% or 
10%) was bactericidal to L. monocytogenes irrespective of temperature. At day 7, GSE reduced initial populations 
of L. monocytogenes by approximately 3 and 5 log at 4°C and l0°C, respectively. The results indicate that CE and 
GSE have good potential for use in food applications to control L. monocytogenes. Further studies are necessary 
to evaluate and optimize the antimicrobial efficacy of these natural antimicrobials in actual food systems. 

P2-37 Effects of Oregano Essential Oil and Nisin Combinations on Growth of Gram Positive and 
Gram Negative Foodborne Pathogens 

P2-38 

DSC 

Janine P. L. Silva, Monika F. Kruger, Paulo S. Costa Sobrinho, Susana P. Silva, Maria T. Destro, 
Marisa Landgraf and BERNADETTE D. G. M. FRANCO, University of Sao Paulo, Avenida Professor 
Lineu Prestes, 580, Bloco 14, Sao Paulo, 05508-900, Brazil 

Natural antimicrobials, like bacteriocins and essential oils, play an important role in biopreservation of 
foods. However, their antimicrobial activity depends on the structure of the target microbe cell wall. Bacterio­
cins are active against Gram positive bacteria, while phenolic compounds in essential oil may be effective over 
Gram positive and Gram negative bacteria as well. In this study, we evaluated the antimicrobial activity of 
oregano essential oil (Frutarom, UK), alone and in combination with the bacteriocin nisin (Nisaplin, US) on 
the inhibition of growth of Listeria monocytogenes ATCC 5069r and Salmonella Enteritidis ATCC13076. The 
inhibitory activity was tested by the well diffusion method, measuring the inhibition halos after 24 h / 30°C. The 
concentrations tested were 0.05%, 0.1%, 0.2%, 0.5%, 1.0%, and 2.0% for oregano essential oil and 6.25, 10, 12.5, 
25, 50 and 100 ppm for nisin. Results were subjected to ANOVA and Duncan Test (alpha= 5%). When essential 
oil was tested alone, the minimal concentration required for inhibition of L. monocytogenes was 0.2%, while 
S. Enteritidis was always inhibited, regardless of the concentration of these antimicrobials. When the essential 
oil was used in combination with nisin, a synergistic effect was observed for L. monocytogenes, i.e, the oil 
enhanced the activity of the bacteriocin. However, when S. Enteritidis was tested, the presence of nisin caused 
a reduction of the antimicrobial activity of the essential oil (P < 0.05). These results indicate that these antimi­
crobials have potential applications to improve food safety, but their activity depends on the target pathogen. 

Effect of Surfactants on Antimicrobial Activity of Nisin against Bacterial Pathogens 
THOMAS M. TAYLOR, Rhiannon Youngblood, and P. Michael Davidson, University of Tennessee, 
Dept. Food Science and Technology, 2605 River Drive, Knoxville, TN 37996, USA 

It is widely recognized that bacterial pathogens are highly adaptive to stressful situations and have powerful 
resistance capabilities against a variety of antimicrobials. This study investigated potential interactions between 
the bacteriocin nisin, the surfactants Polysorbate 20 (Tween 20) and octyl phenol ethoxylate (Triton X-100), 
and subsequent inhibition of Listeria monocytogenes Scott A and 310 and Escherichia coli 0157 :I-17 ATCC 
43895 and 932. It was hypothesized the combination of bacteriocin and surfactant would exert an inhibitory 
effect on target pathogens greater then that of the antimicrobial or surfactant alone. Minimum inhibitory 
concentration (MIC) tests started with bacterial cultures, adjusted to a desired concentration, inoculated into 
microtiter plates with wells containing growth medium and an inoculum of antimicrobial, surfactant, or a 
combination thereof. Microbes were exposed to nisin between 1.0 and 25.0 µg/ml; surfactants were tested 
between 0.1 and 1.0%. At selected time points, optical density readings at 630 nm (OD630) were recorded. 
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Experiments were duplicated and statistically significant differences determined with Student's t-test (P < 0.05). 
Inhibition of L. monocytogenes by nisin or surfactant alone was approximately equivalent for both strains. 
Inhibition of E. coli 0157:1-17 by nisin or surfactant alone produced slight inhibitory effects against both strains. 
L. monocytogenes 310 was more sensitive then Scott A to both antimicrobial and surfactant combinations. 
E. coli 0157:H7 43895 was more sensitive than strain 932 to nisin/surfactant combinations. Addition oflow 
levels of surfactant was shown to amplify the inhibitory activity of nisin against both foodborne pathogens. 

P2-39 Evaluation of Frankfurters Manufactured Using Cellulose Casings Dipped in Buffered So­
dium Citrate on Listeria monocytogenes and Sbelf Life 

Vidya R. Kethireddy, LARRY J. FRANKEN, Randall K. Phebus, James L. Marsden, and Tom Herald, 
Kansas State University, Dept. of Animal Sciences and Industry, Food Science Institute, 139 Call 
Hall, Manhattan, KS 66506-1600, USA 

The efficacy of soaking cellulose casings in a 30 percent solution of buffered sodium citrate before stuffing 
frankfurters was studied as a means of controlling Listeria monocytogenes and spoilage microflora. Frankfurt­
ers were manufactured using non-treated and BBC-treated cellulose casings, and were inoculated at a target 
L. monocytogenes level of 103 CFU/cm2• The frankfurters were vacuum packaged with three frankfurters/ 
package and stored at 4 and 10'0 in boxes to simulate retail storage for nine weeks. 'fhe frankfurters were 
sampled weekly. TheL. monocytogenes population during 4'0 storage increased from 2.77 to 8.13 log CFU/cm2 

on the non-treated frankfurters and 2.17 to 7.91 log CFU/cm2 on the BSC treated frankfurters. At 10'0, the 
non-treated samples increased from 2.16 to 7.03 log CFU/cm2 and the BBC-treated frankfurters increased from 
2.03 to 7.07 log CFU/cm2

• At 4'0, total aerobic bacterial populations for the non-treated frankfurters increased 
from 0.9 to 3.27 log CFU/cm2 and for the BBC-treated frankfurters increased from 1.44 to 4.35 log CFU/cm2

• 

At 10'0 the non-treated frankfurters increased from 1.02 to 6.92 log CFU/cm2 and BBC-treated frankfurters 
increased from 1.43 to 5.87 log CFU/cm2

• Throughout the nine week study no significant difference was found 
between the non-treated and BBC-treated frankfurters, in L. monocytogenes populations. 

P2-40 Cold Atmos1,beric Pressure Plasma Reduces Listei·ia innocua on the Surface of A1,ples 
BRENDAN A. NIEMIRA, Alexander Gutsol, and Alexander Fridman, USDA-ARS-ERRC, 
600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

Fresh produce can be contaminated with bacterial pathogens, leading to increased risk of foodborne 
illness. High energy plasma discharges effectively inactivate bacteria on inert surfaces, and have potential 
application to fragile surfaces such as fruits and vegetables. A novel technology, the gliding arc plasma dis­
charge apparatus, allows the deposition of a cold atmospheric pressure plasma (CAPP) onto surfaces through 
the use of forced air, thereby reducing the potential for excessive heat or spot damage to the surface. Golden 
delicious apples were spot inoculated with approximately 8 log CFU of the non-pathogenic surrogate Listeria 
innocua in log growth phase. On separate sets of apples, the spot was left untreated (control) or treated with 
one of two levels of CAPP discharge. In the first ("Low"), the discharge amperage was set to 115 mA, placing 
the CAPP discharge height approximately 1 cm away from the apple surface, and the treatment lasted for 2 
min. In the second ("High"), the discharge amperage was set to 150 mA, placing the plasma discharge in full 
contact with the apple surface, and the treatment lasted for 4 min. The voltage was held constant at 10.02 kV. 
Separate sets of inoculated apples were treated with either 2 or 4 min of forced air with no CAPP discharge. 
Apple surfaces were sampled with sterile swabs and phosphate buffer, serially diluted and plated on PALCAM 
agar. There were no significant (P < .05) differences in L. innocua recovery among the control, Air-2 or Air-
4 treatments, which had 4.29, 4.36 and 4.42 log CFU, respectively. The CAPP treatments significantly reduood 
the recoverable L. innocua, by 0.39 log CFU in the case of "Low", and by 1.10 log CFU in the case of "High". 
The apples were examined for gross changes in color and appearance at the site of treatment immediately after 
treatment, and after 2 and 5 days in storage at 8°0. No changes were observed. These results suggest that CAPP 
may be an effective treatment for the reduction of microbial populations on fragile produce surfaces. 

P2-41 Yeast Inhibition witb Ternary Mixtures of Naturally Occurring Pbenolic Compounds and 
Potassium Sorbate 

Karol Alatriste-Montiel, Enrique Palou, and AURELIO L6PEZ-MALO, Universidad de las Americas­
Puebla, Sta. Catarina Martir, Cholula, Puebla, 72820, Mexico 

Phenolic compounds, naturally present in plants, can be used as antimicrobial agents. When considering 
ternary mixtures of antimicrobials, it is not easy to anticipate the effects. Individual and combined effects 
of eugenol (Eu), thymol (Th), or carvacrol (Cr) with potassium sorbate (KS) were evaluated as antifungal 
(Zygosaccharomyces rouxii, Pichia membranaefaciens and Debaryomyces hansenii) agent mixtures. 
Checker-board experimental designs were used to determine synergic mixtures by evaluating combinations 
that include two phenolics and KS. PDA was prepared with sucrose and hydrochloric acid to reach aw (0.99) 
and pH (3.5), and the necessary amount of Th, Eu or Cr was added. Over plates of every binary combination, 
50 µl of KS solution (1%) were exponentially deposited using a spiral plater, dried for 2 h, inoculated (106 cell/ 
ml) using a swab making 6 cm long radial marks of each yeast, incubated at 25'0, and observed after 5 days. 
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KS inhibitory concentrations were determined by calculating concentration at growth end points. Minimal 
inhibitory concentrations (MIC) for phenolic compounds and KS were determined, as well as inhibitory 
concentrations for every ternary antimicrobial mixture. Fractional inhibitory concentrations (FIC) and FIC 
Index were calculated. MIGs were 50 (Eu) and 100 ppm (Th, Cr or KS). In ternary mixtures of KS-Th-Eu or 
KS-Th-Cr yeast inhibition was observed when combining less than 10 ppm of phenolics with 16 ppm KS. 
Calculated FIC indexes show synergistic effects. Ternary mixtures of phenolic compounds and KS drastically 
reduced individual inhibitory concentrations. 

P2-42 Inactivation of Salmonella spp. and Eschet·ichia coli 0157:H7 on Cantaloupe Skin Using 
Citric Acid, Hydrogen Peroxide and a Foodgrade Surfactant 
AINURA OROZALIEVA and Aubrey Mendonca, Iowa State University, 2312 Food Science Bldg., 
Ames, IA 50011, USA 

The study evaluated the efficacy of citric acid (CA) alone or combined with hydrogen peroxide (HP) and 
sodium lauryl sulfate (SLS) for destroying Escherichia coli O157:H7 and Salmonella spp. on the outer rind 
surface of cantaloupe. Cantaloupe rinds were cut to 2.5 cm2 pieces and inoculated with either a five strain 
mixture of nalidixic acid resistant Salmonella spp, or E. coli to give ~ 108 CFU/ rind. Inoculated rinds were 
dipped for 2.0 min in 500 ml of water ( control) or sanitizer solutions at 23°C and then homogenized in buffered 
peptone water (100 ml). Samples of homogenate were serially diluted and plated onto Bismuth sulfite agar and 
MacConkey sorbitol agar, both containing nalidixic acid. All inoculated agar plates were incubated at 35°C for 
48 h. Salmonella and E. coli survivors were enumerated following incubation and expressed as log CFU/rind. 
Compared to the water dipped control, exposure of rinds to 5% Hp2 reduced populations of Salmonella and 
E. coli by 2. 77 and 2.83 log CFU/rind, respectively. A combination of 5% IIp

2 
and CA (1%) decreased popu­

lations of Salmonella and E. coli by 3.16 and 3.72 log, respectively. Further reductions were achieved by 
combining 5% I-Ip

2 
and CA (1%) with 1% SLS; populations of Salmonella spp. and E. coli decreased by 3. 9 

and 4.0 log, respectively. Based on these results, the combined use of acidified I-Ip2 with an anionic surfactant 
has good potential for improving the microbial safety of cantaloupe melons. 

P2-43 Decontamination of Oampylobacter, Salmonella and Escherichia coli on Chicken Carcasses 
Using Ca-acidified Sodium Chlorite and SAS-acidified Sodium Chlorite Antimicrobial Solu­
tions under Comme1·cial Plant Conditions 

ERDOGAN CEYLAN, Ann Marie McNamara, and Nahed Kotrola, Silliker, Inc, 160 Armory Drive, 
South Holland, IL 604 77, USA 

Poultry slaughter facilities require effective interventions to meet USDA FSIS Escherichia coli and Salmo­
nella regulatory requirements and to decrease Campylobacter prevalence. The objective of this study was to 
assess the antimicrobial efficacy of Ca- and SAS-acidified sodium chlorite (ASC) against Campylobacter, 
Salmonella and Escherichia coli during chicken carcass washing. A total of 320 chicken carcass rinse samples 
( 400 ml) were collected from a small and large bird line. Samples were collected pre- and post- Ca- and SAS­
ASC treatments. Samples were analyzed by USDA methods for incidence of Escherichia coli Biotype I, inci­
dence of Salmonella species, and incidence and counts of Campylobacter species. Incidence of Escherichia 
coli were reduced by 96% and 100% by Ca- and 94% and 100% by SAS-ASC treatments in the large and small 
carcass samples, respectively. Incidence of Salmonella spp, was reduced by 100% and 88% by Ca- and 93% and 
73% by SAS-ASC treatments in the large and small carcass samples, respectively. Campylobacter spp. numbers 
were below 10 colonies pre- and post-ASC treatments in each line. Incidence of Campylobacter spp. was 
reduced by 100% and 92% by Ca- and 7 4% and 55% by SAS-ASC treatments in the large and small carcass 
samples, respectively. Incidence of Campylobacter spp., E. coli and Salmonella spp. in the rinse samples 
varied by the lines (small vs. large) and by the date of sample collection. Ca-ASC proved efficacious in reducing 
E. coli, Salmonella, and Campylobacter in chicken rinse samples under commercial plant conditions. 

P2-44 Efficacy of Ultraviolet Light in Combination with Chemical Preservatives for the Reduction 
DSC of Escliericliia coli in AJJJJle Cider 

JO EMEL M. QUICHO, Robert C. Williams, Susan S. Sumner, and Joseph E. Marcy, Virginia Tech, 
Food Science and Tech.(0418), Blacksburg, VA 24061, USA 

Inactivation of Escherichia coli in apple cider treated with ultraviolet light (UV) in combination with 
chemical preservatives was evaluated. Escherichia coli ATCC 25922 was suspended ( ~ 7 log CFU/ml) in apple 
cider. Inoculated cider (4°C) containing sodium benzoate (NaB; 1000 and 500 ppm), potassium sorbate (KS; 
1000 and 500 ppm), hydrogen peroxide (HP; 150 and 75 ppm) or dimethyl dicarbonate (DMDC; 150 and 75 
ppm) was treated with ultraviolet light (peak output = 254 nm) in a thin-film UV treatment unit. UV treatment 
was performed either before or after application of chemical preservatives. Cider that received UV treatment 
but contained no added preservatives served as a control. Surviving populations of E. coli were determined on 
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TSA prior to UV exposure and at 0, 24, 48 and 72 h after treatment. Greater reductions in E. coli populations 
were observed when preservatives were added to cider after UV treatment rather than before (P < 0.05). 
Combined treatments of UV and DMDC or HP were better than controls for reducing E. coli populations 
(P < 0.05). However, inactivation of E.coli was less in juices inoculated with KS before UV treatment than 
in controls (P < 0.05). This work demonstrates potential benefits of combining chemical preservatives with 
UV treatment for the inactivation of E. coli in juices. 

P2-45 Evaluation of an Ozonated Wate1· System and a Steam Pasteurization System for Controlling 
Liste1·ia monocytogenes and Salmonella s1>p. on Raw Whole Shelled Almonds 

C. A. TANUS, R. K. Phebus, J. L. Marsden, L. J. Franken, and E. J. Harvey, Kansas State University, 
139 Call Hall, Manhattan, KS 66506-1600, USA 

The objective of this study was to validate 20, 60 and 120 s exposure to 2 ppm ozonated water applied 
with an ozone system, and to validate 8, 20 and 30 s steam pasteurization applied using a commercial steam 
pasteurization system for reducing Listeria monocytogenes and Salmonella spp. populations on raw whole 
shelled almonds. After exposure to ozonated water, 1.1, 1.4 and 1.8 log CFU/g reductions of Salmonella spp. 
and 0.3, 0.3, and 0.2 log CFU/g reductions of L. monocytogenes were recorded after 20, 60 and 120 s, respec­
tively. All of these reductions were similar to those obtained with a water-only control treatment; thus using 
2 ppm ozonated water was not an effective antimicrobial process as applied in this study. An average of 2.2 
and 2.6 log reductions for low inoculum levels and 3.2 and 3.6 log reductions for high inoculum levels were 
achieved for L. monocytogenes and Salmonella spp., respectively, after 8 s exposure to steam pasteurization. 
L. monocytogenes or Salmonella spp. populations were not recovered by direct plating procedures after 20 or 
30 s steam exposure (detection limit: 0.5 log CFU/g). Steam pasteurization, as applied in this study, provided a 
high level of control for both pathogens and appears to be a very practical application for raw almonds. Initial 
appearances indicated little effect on raw nut quality; however, more formal evaluation of almonds for shelf life 
and organoleptic quality is suggested. 

P2-46 Evaluation of a Commerical Steam Pasteurization System f01· Controlling Listeria 
monocytogenes and Salmonella spp. on Raw Whole Shelled Pistachios 

P2-47 
DSC 

C. A. TANUS, R. K. Phebus, J. L. Marsden, L. J. Franken, and E. J. Harvey, Kansas State University, 
139 Call Hall, Manhattan, KS 66506-1600, USA 

The objective of this study was to validate the effectiveness of 20, 30 and 40 s steam pasteurization 
applied with a commercial steam pasteurization system for reducing Listeria monocytogenes and Salmonella 
spp. populations on raw whole shelled pistachios. Pistachios were inoculated with each pathogen at ca. 6 (high) 
and 4 (low) log CFU/g using a misting procedure. Samples inoculated at high levels and exposed to the satu­
rated steam environment for 20, 30 and 40 s demonstrated average L. monocytogenes reductions of 2.3, 2.6, 
and 4.5 log CFU/g, respectively. Population reductions were 3.3, 3.9, and 5.5 log cycle reductions for Salmo­
nella spp. An average of 1.6, 2.4, and 3.4 log cycle reduction for L. monocytogenes, and 3.5, 3.5, ad 3.9 log 
cycle reductions for Salmonella spp. populations were observed when pistachios samples with low levels of 
inoculum were exposed to same treatments. Overall, steam pasteurization using a commercial unit provided 
a high level of control for both pathogens and appears to be a very practical application for raw pistachios. 
Further evaluation of pistachios for shelf life and sensory quality is suggested. 

Antimicrobial Efficacy of Methanobactin against Listeria monocytogenes Scott A 
in Laboratory Medium 

CLINTON L. JOHNSON, Aubrey F. Mendonca, and Alan A. DiSpirito, Iowa State University, 
2312 Food Sciences Bldg., Ames, IA 50010, USA 

Methanobactin is a novel extracellular peptide produced by Methylosinus trichosporium OB3b, a m_eth­
ane-oxidizing bacterium. This easily culturable organism is important in global carbon cycling and for single­
cell protein production. This study investigated the antimicrobial efficacy of methanobactin against Listeria 
monocytogenes Scott A in brain heart infusion (BI-II) broth at pH 5.5 to 7.3. Minimum inhibitory concentra­
tions (MIGs) were determined at 24 h for stationary-phase L. monocytogenes cultures in EHi broth (32°0) via 
use of a broth micro-dilution method. Growth was monitored via absorbance (595 nm) in 6-h increments and 
viability was determined at 24 h via surface-plating samples onto BHI agar and enumerating colonies after 
incubation (32°0, 72 h). There was a non-linear relationship between MIC of methanobactin and pH, with 
L. monocytogenes being most sensitive to methanobactin at pH 6.0. MIGs were 5.70, 6.41, 3.56, and 6.41 mM 
at pH 7.3, 6.5, 6.0, and 5.5, respectively. MIGs of methanobactin exhibited a bactericidal action and resulted 
in 3.34-, 3.96-, 4.87-, and 4.87-log reductions in populations of L. monocytogenes at pH 7.3, 6.5, 6.0, and 5.5, 
respectively. Overall, log reductions of the pathogen increased with increased concentration of the peptide. 
At pl-I 6.0, methanobactin concentrations greater than the MIC consistently resulted in undetectable levels 
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(> 5.00-log reductions) of L. monocytogenes. Based on the results of this study, methanobactin, a natural 
antimicrobial peptide, is bactericidal to L. monocytogenes and has good potential for use in food applications 
to destroy this pathogen. 

P2-48 Response Surface Model for Effects of Temperature, pH, and Combined Potassium Lactate 
and Sodium Diacetate on Growth I{inetics of Listeria monocytogenes Scott A in Broth 

P2-49 
DSC 

IliIALED A. ABOU-ZEID, Kisun S. Yoon, Jurgen G. Schwarz, Tom P. Oscar, and Richard C. Whiting, 
University of Maryland Eastern Shore, Center for Food Science and Teoh., Back-Bone Road, 
Princess Anne, MD 21853, USA 

Antimicrobial effects of lactate and diacetate mixture against the growth and survival of Listeria mono­
cytogenes Scott A have been observed. However, a mathematical model describing the combined effects of 
temperature, pH and potassium lactate and sodium di acetate (PL + SDA) on the behavior of L. monocytogenes 
has not been developed. In our present study, the effects and interactions of temperature ( 4 to 3 7°C), pH 
(5.5 to 7.0), and PL+SDA (0.0 to 4.5%) on the growth and survival of L. monocytogenes Scott A in broth were 
investigated. Ninety-six primary growth models were iteratively fitted to the Buchanan three-phase linear 
model. Response surface model was generated for effects of temperature, pH and PL + SDA on specific growth 
(or death) rate ofL. monocytogenes In broth model by regression analysis. The growth (or death) kinetics of 
L. monocytogenes were significantly (P < 0.005) affected by the interactions of pH with temperature and 
PL+ SDA. Specific growth (or death) rate was affected (P < 0.005) by linear and quadratic effect of PL+ SDA 
and linear effect of temperature. The model was evaluated for goodness of data. This verification step indicated 
that the models can provide prediction of specific growth ( or death) rates of L. monocytogenes In the matrix 
of conditions described and can be used as a tool to estimate the impact of food formulation and storage 
conditions on the growth of the pathogen. In addition, this model can be incorporated into the pathogen model 
program for food industries and risk assessors. 

Potential for Development of Resistance by Listeria monocytogenes and Salmonella 
1yphimurium to Potassium Sorbate or Sodium Benzoate following Repeated Exposure 
LILIA M. SANTIAGO and P. M. Davidson, University of Tennessee, 2605 River Drive, Knoxville, 
TN 37996-4591, USA 

A focus on safer foods and longer shelf life has led to increased use of regulatory-approved food antimicro­
bials to inhibit or inactivate foodborne pathogens. However, there are few data on the possible emergence of 
pathogens resistant to food antimicrobials. The aim of this study was to investigate the potential development 
of resistance to potassium sorbate and sodium benzoate of Listeria monocytogenes and Salmonella 'l'yphi­
murium. Four strains of L. monocytogenes (101, 108, 310, Scott A) and S. 'l'yphimurium DT 104 (2380, 2576, 
2582, 2486) were used. The minimum inhibitory concentrations (MIC) of potassium sorbate (PS) and sodium 
benzoate (SB) against the parent strains at pH 6.0 were determined using an agar dilution assay. Parent strains 
were exposed to increasing concentrations of PS or SB at pH 6,0 without any pre-stress. Adapted strains were 
stored in the presence of the highest concentrations of the antimicrobials for three months and re-grown with 
the same antimicrobial to determine the effect of storage on survival. The MIC of the parent strains of L. mono­
cytogenes and S. 'l'yphimurium was 0.2 to 0.3 % (w/v) and 0.3 to 0.4% for both compounds, respectively. 
L. monocytogenes adapted to grow at up to 0.4% PS or SB. S. 'l'yphimurium grew at up to 0.5% SB and 0.6% 
PS. One strain, 2380, grew to 0.6% SB. Strains stored three months and re-exposed to the same antimicrobial 
did not lose viability. Results suggest the possibility for development of adaptation to food antimicrobials by 
L. monocytogenes or S. 'l'yphimurium following exposure to sub-lethal concentrations. 

P2-50 Effect of a Hydrogen Peroxide-11roducing Strain of Lactic Acid Bacte1•ia on Aflatoxin Bl 
and Fumonisin Bl at pH 2 and 7 

CHEA-YUN SE, Alex Y. Teo, and Hai-Meng Tan, Kemin Industries (Asia) Pte. Ltd., 12, Senoko Drive, 
758200, Singapore 

Our current studies have demonstrated the potential use of lactic acid bacteria (LAB) to degrade aflatoxin 
and fumonisin through surface binding and production of hydrogen peroxide. Ninety seven strains of LAB were 
isolated from the gastrointestinal tract of healthy chickens and screened for production of hydrogen peroxide, 
using the ferrous oxidation xylenol orange 2 (FOX-2) test. Among these bacteria, 46 strains were found to 
produce hydrogen peroxide at various concentrations. Three highest hydrogen peroxide-producing strains have 
been identified by sugar fermentation, biochemical tests and 16s ribosomal RNA typing. Lactobacillusfermen­
tum strain D115,L. acidophilus strain L314 andL. acidophilus strain L234 have been found to produce 7952, 
6449, and 6153 uM, respectively of hydrogen peroxide after incubation at 37°C. The cell concentration of 
L.fermentum strain D115,L. acidophilus strain L314 andL. acidophilus strain L234 were 4.5 x 1010, 3.6 x 109 

and 2.0 x 109 CFU per ml, respectively. In addition, viable cells and ethanol-deactivated cells of L. Jermentum 
strain D115 was tested against aflatoxin Bl (AFBl) and fumonisin Bl (FBl) at pH 2 and 7 for its surface-
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binding ability and degradation effect of hydrogen peroxide. Results demonstrated that ethanol-deactivated 
cells of L. Jermentum strain D115 bound and removed 52.2% of AFBl at pH 2. However, the binding efficacy 
decreased to 22.9% when the pl-I was increased to 7. Viable cells of L.fermentum strain D115 have been shown 
to degrade an additional 10.5 and 13.1% of AFBl in pH 2 and 7 solutions, respectively. In contrast, no signifi­
cant removal and/or degradation of FBl (less than 10%) by L. fermentum strain D115, either through surface 
binding or hydrogen peroxide, was observed. 

P2-5 l The Role of Efflux Pumps and Outer Membrane Protein in the Susceptibility of Escherichia 
coli and Salmonella Typhimul'ium to Biocides 

DONG JEONG, Shenghui Cui, and Jianghong Meng, Kosin University, 149-1 Dongsam-Dong, 
Youngdo-Gu, Busan, 606-701, Korea 

The objective of this study was to investigate the role of efflux pumps and outer membrane protein in 
the susceptibility of Escherichia coli and Salmonella Typhimurium to biocides. Efflux pump ArcAB and outer 
membrane protein TolC of E. coli and S. Typhimurium were selected and each of the genes was deleted using 
one-step inactivation method. Mutant and wild type strains were tested for susceptibility to biocides including 
triclosan, sodium chlorine, chlorhexidine, and benzalkonium chloride. The concentrations of each biocide 
ranged from 0.0019 to 64 mg/Lin Mueller Hinton agar (MI-IA). Test strains were inoculated onto biocide­
containing MI-IA plates and incubated 16 to 18 h at 35'0. The growth of the strains was recorded to determine 
minimal inhibitory concentration (MIC). ~acrAB mutants of E. coli 3008 and E. coli 4 were four times more 
susceptible to triclosan. The two mutants were also 16 and 64 times more susceptible respectively to benzalko­
nium chloride. MolC mutant of S. Typhimurium PYl was 64, 32, and 32 times more susceptible to triclosan, 
benzalkonium chloride and chlorhexidine, respectively, than the wild type strain. The MI Cs of sodium chlorine 
did not show significant differences between mutant and wild type strains. These data show that the deletion 
of efflux pump gene arcAB or outer membrane protein gene tolC resulted in the increased susceptibility of 
E. coli and S. Typhimurium to biocides, indicating they play an important role in resistance to biocides. 

P2-52 The Sensitivity to AlJlha-Amylase of Pediocin 34 Produced by Pediococcus pentosaceus 
34 Isolated from Indian Cheddm· Cheese was Due to Contaminating Serine Proteinases 
RAO K. NAGESWARA, R. K. Malik, and D. K. Mathur, National Dairy Development Board, 
Anand, Gujarat, 388 001, India 

Pediocin 34 produced by Pediococcus pentosaceus 34 isolated from Indian Cheddar cheese lost its activity 
after treatment with various proteolytic enzymes. It was found insensitive to various non-proteolytic enzymes 
such as catalase, ribonuclease A, lipase, beta-amylase and lysozyme. However, the activity was adversely 
affected by alpha-amylase treatment indicating pediocin 34 to be a glycoprotein. We investigated whether the 
observed sensitivity of pediocin 34 to alpha-amylase was truly due to alpha-amylase activity or if it was due 
to the result of contaminating proteases present in the enzyme preparation. The alpha-amylase enzyme was 
treated with two types of protease inhibitors, namely polymethylsulfonylfluoride and iodoacetamide, individu­
ally as well as in combination prior to its use in pediocin 34 inactivation studies. The alpha-amylase treated 
with the combination of iodoacetamide and polymethylsulfonylfluoride was found ineffective against pediocin 
34 revealing that the observed adverse effect of alpha-amylase against pediocin 34 was due to contaminating 
cysteine proteinases or serine proteinases or both. However, the enzyme treated with polymethylsulfonyl­
fluoride alone, but not with iodoacetamide, remained ineffective against pediocin 34 thereby confirming the 
presence of serine proteinases in the alpha-amylase preparation. Thus pediocin 34 was confirmed to be a 
simple protein. It is concluded that the sensitivity to non-proteolytic enzymes such as lipases, amylases, etc. 
of bacteriocins should be reported cautiously as it could be due to contaminating proteases and the effect of 
such contaminating proteases should be nullified by treating the non-proteolytic enzymes with various types 
of protease inhibitors prior to their use in bacteriocin inactivation studies. 

P2-53 Development of the Direct ELISA and Immunochromatographic Assay for the Determination 
of Aminoglycosides 

YONG JIN, Jin-Wook Jang, Chang-Hoon Han, and Mun-Han Lee, Seoul National University, 
Dept. of Biochemistry, College of Veterinary Medicine, Kwamak-Gu, Shillim-Dong, San 56-1, 
Seoul, 151-742, Republic of Korea 

Monoclonal antibodies against gentamicin, kanamycin, and neomycin were prepared, and the competitive 
direct enzyme-linked immunosorbent assay (ELISA) and the immunochromatographic assay were developed 
using the monoclonal antibodies to detect those aminoglycosides in animal plasma or milk. No cross-reactivity 
of any monoclonal antibody was observed with other aminoglycosides, indicating that each antibody is highly 
specific. Calibration curves were constructed for each aminoglycoside in rabbit plasma and bovine milk, using 
a competitive direct ELISA. Based on these curves, the detection limits of gentamicin, kanamycin, and neomy­
cin in rabbit plasma and bovine milk were estimated to be about 10, 20, and 50 ppb, respectively. Using comp­
etitive ELISA methods developed in this study, the concentration of each aminoglycoside was successfully 
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monitored in rabbit plasma after intramuscular administration. 'l'he concentration increased rapidly after 
intramuscular administration and decreased gradually up to 12 h. 'l'he half-lives of gentamicin, kanamycin, and 
neomycin in rabbit plasma have been estimated to be 1.8, 1.6, and 1.2 h respectively. Moreover, a rapid test kit 
based on the immunochromatographic assay was developed, using the monoclonal antibodies against gentami­
cin, kanamycin, and neomycin. 'l'he detection limits of aminoglycosides were estimated to be 10 ppb by use of 
the kit in both rabbit plasma and bovine milk. In conclusion, the competitive direct ELISA was developed using 
the monoclonal antibodies to detect the aminoglycosides in animal plasma or milk. Moreover, the immuno­
chromatographic assay developed in this study could be applied to the detection of aminoglycosides in veteri­
nary fields due to its rapid and simple procedure. Therefore, two assays developed in this study could be 
complementary with each other between the field and laboratory. 

P2-54 In Vitro Inhibition of Adsorption of Foodborne Viruses by Human Bifidobacterial Isolates 
DSC MELANIE GAGNON, Julie Jean, Andre Darveau, and Ismail Fliss, Universite Laval, Dept. of Food 

Science and Nutrition, Comtois Bldg., Quebec, QC, GlK 7P4, Canada 
Among foodborne pathogens, viruses are responsible for an important part of estimated cases of infections. 

Noroviruses, rotavirus and hepatitis A virus (I-IAV) are three major etiologic agents in cause. 'l'he principal 
gateway for these viruses is the epithelial cells of the small intestine. Once in the intestinal lumen, they can 
cause damage to microvilli and disrupt intestinal mucosa. Promising treatment using probiotic bacteria such as 
Bifidobacterium are now proposed. However, in vitro and in vivo studies are still required to confirm antiviral 
activity. 'l'he aim of this study was to evaluate the potential of the probiotic bifidobacteria isolated from infant 
feces for in vitro inhibition of a norovirus-surrogate (feline calicivirus), human rotavirus (Wa) and HAV (I-IM-
175). 'l'he adsorption of viruses to human colonic Caco-2 and H'l'-29 cells was measured by an indirect immun­
ofluorescence method and plaque technique assay. 'l'he percentage of adsorption to cell lines was calculated for 
all viruses, alone (104 to 106 CFU/ml) and in the presence of bifidobacteria (108 CFU/ml). 'l'he results indicated 
that among studied viruses, rotavirus exhibits the highest capacity to adsorb to enteric cells (7% using 106 CFU/ 
ml). Moreover, the presence of bifidobacterial strains RBL67, 69 or 70 (108 CFU/ml) on Caco-2 cells for 30 min 
prior to HAV (104 PFU/ml) addition have shown 100%, 39% and 76% inhibition of the viral adsorption, respec­
tively. For H'l'-29 cells, 52%, 75% and 78% inhibition of the viral adsorption has been observed with the same 
probiotic strains. In vivo studies are in progress to evaluate the antiviral properties of the selected 
bifidobacteria. 

P2-55 Antimicl'ohial Activity of Thai Rhizomatous Spices against Listeria monocytogenes 
and Salmonella Enteritidis Associated with Chicken Breast Meat 
C. THONGSON, W. Mahakarnohanakul, and P. Wanchaitanawong., Kasetsart University, 
Dept. of Food Science and Teoh., Faculty of Agro-Industry, 50 Paholyothin Road, Bangkhen, 
Jatujak, Bangkok, 10900, Thailand 

It was previously shown that 'l'hai rhizomatous spices and their essential oils (EO) had antimicrobial 
effects in vitro against Salmonella Typhimurium and Listeria monocytogenes; however, their effects in food 
system needs to be investigated. 'l'he objective of this study was to determine the antimicrobial effect of 'l'hai 
rhizomatous spices including ginger (Zingiber officinale), fingerroot (Boesenbergia pandurata) and turmeric 
(Gurcuma longa) against£. monocytogenes strain 101 and S. Enteritidis strain DMS'l' 8536 associated with 
chicken breast meat. 'l'he chicken meat was surface-inoculated at low and high concentrations (3 and 5 log 
CFU/g). Paste of fresh spice (10 and 20%, w/w), either fresh juice or spice residue (10 to 20%, w/w) obtained 
by juice extractor, and commercial EO (0.5, 1, 2 and 5%, w/w) were marinated to the inoculated chicken meat 
and stored at 10°G for 4 h. No concentration of fresh ginger and its EO showed antibacterial activity. At 20%, 
turmeric and fingerroot paste reduced listeria! and salmonellae by ca. 0.6 and 1.0 log CFU/g, respectively. 
Moreover, antibacterial effect of fresh juice was similar to the paste. Among the EO tested, 5% of fingerroot 
EO showed the best bactericidal effect against S. Enteritidis within 4 h, while it had slight antibacterial effect 
against L. monocytogenes. Between two organisms tested, S. Enteritidis was more sensitive to fingerroot EO 
than L. monocytogenes. Results showed that 'l'hai rhizomatous spices, especially fingerroot EO, have potential 
to be used as natural antimicrobial against foodborne pathogenic bacteria in poultry products. 

P2-56 Efficacy of Aerosolized Peroxyacetic Acid as a Sanitizer of Lettuce Leaves 
DSC Se-Wook Oh, GENISIS IRIS DANCER, and Dong-Hyun Kang, Washington State University, 

PO Box 646376, Pullman, WA 99163, USA 
Aerosolized sanitizer was investigated as a potential alternative to aqueous and gaseous sanitizers. 

Peroxyacetic acid was aerosolized (5.42-11.42 µm particle diameter) by a commercially available nebulizer 
into a model cabinet. Iceberg lettuce leaves were inoculated with a three strain each cocktail of Escherichia 
coli O 157 :I-17, Listeria monocytogenes, and Salmonella 'fyphimurium and then treated with aerosolized 
peroxyacetic acid for 10, 30 or 60 min in a model aerosol cabinet at room temperature (22 ± 2'C). After 
treatment, surviving healthy and injured cells were enumerated on appropriate selective agar and with the 
overlay agar method, respectively. Inoculated iceberg lettuce leaves exposed to aerosolized peroxyacetic acid 
for 10 min exhibited a 0.8 log reduction in E. coli 0157:1-17, a 0.3 log reduction in Salmonella Typhimurium 
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and a 2.5 log reduction inL. monocytogenes when compared to the control. After 30 min treatment, the three 
pathogens were reduced by 2.2, 3.3, and 2. 7 log and after 60 min, the reductions were 3.4, 4.5, and 3.8 log, 
respectively. Aerosolized peroxyacetic acid is an effective sanitizer of lettuce leaves, and has potential for 
application in the food industry. In particular, aerosolized sanitizers may be useful for preventing regrowth 
of pathogenic and spoilage microorganisms during shipping or extended storage of produce, when dipping or 
spraying with aqueous sanitizers is unfeasible. 

P2-57 Detection and Identification of Animal Species in Raw and Processed Food Using 
a High-density DNA Probe Array 

CLAUDE MABILAT, Odile Babola, Sabine Desvarenne, and Bruno Lacroix, bioMerieux, 
Chemin de l'Orme, Marcy l'Etoile, 69280, France 

Recent food crisis in Europe and globalization of food trade on a worldwide scale have raised interest in the 
identification of animal species in food for safety reasons. Meat and bone meals of two ruminant species, sheep 
and cow, were shown to be responsible for the transmission of BSE, whereas products of animal origin are known 
to be allergenic: eggs, dairy products, fish, crustaceans. Current immunological identification techniques methods 
lack both sensitivity and specificity. They are also less effective when applied to processed foods due to protein 
denaturation. There are few commercially-available DNA techniques, and they are limited in the number of 
species detected, cannot identify mixtures of species in the same sample and are tedious to perform or interpret. 
We developed a unique DNA test to detect and identify 33 species of commercial interest (12 mammals, including 
beef, sheep, and pork, 5 birds, and 16 fish species) together with the class status (mammal, bird and/or fish), in 
raw and processed food samples, alone or present in mixtures, at a level of less than 5% weight/weight in the final 
product, typically down to 1 to 2%. Using a more sensitive protocol allows detection of animal species in feed 
characterized by the reference microscopic technique, with a good correlation. Data on reference and commer­
cial samples will be presented. This complete solution consists of a single protocol from sampling to interpreta­
tion, a kit with reagents and an Affymetrix DNA chip, as well as secured interpretation software. This semi­
automated system offers a reliable and sensitive method which will allow such testing to be put into routine use. 

P2-58 Influence of Growth Temperature on the Thermal Resistance of Yersinia Species 

ROBERT GERDES, Susanne Keller, and John Larkin, NCFST, 6502 S. Archer Road, Summit-Argo, IL 
60501, USA 

Environmental growth conditions are known to influence the thermal resistance of bacteria. In this study, 
the effect of growth temperature on the subsequent heat resistances of Y. enterocolitica and Y. pseudotuberculo­
sis were examined. In Yersinia strains carrying the 41-48 Mdal virulence plasmid associated with the production 
of a series of outer membrane proteins at 35-3 7°0 was compared to a non-pathogenic isogenic strain lacking the 
plasmid. Strains were grown at 25 and 37°0 in non-selective media under aerobic conditions. Thermal resistance 
was tested from 52 to 62°0 in 2 degree increments using a submerged coil device. Both Yersinia enterocolitica 
and Y. pseudotuberculosis grown at 37°0 were up to 10 fold more heat resistant than when grown at 25°0. Z­
values for cultures grown at 25 and 37 were 4.3 and 3.6, respectively. No differences in heat resistance were 
found between paired strains with and without the virulence plasmid. 

P3-0l Prevalence of Listeria in Pork Bulbogi Obtained from Restaurants and Retail Markets in lforea 

YUN-JI KIM, Ean-Jeong Seo, Jong-Keun Jang, Sang-Phill Hong, and Nam-Hyouck Lee, Korea Food 
Research Institute, San 46-1 Baekhyun-dong Bundang-gu, Seongnam-si, Kyunggi-do, 468-420, Korea 

The prevalence of Listeria in pork bulgogi was studied in three locations in Kyunggi-do, Korea. Samples 
were collected from restaurants and retail markets. A total of 78 samples were collected from different 
sampling site in the cities of Anyang, Seongnam, and Suweon. The percent positive to Listeria for samples 
collected from Anyang, Sungnam, and Wuweon was 11, 38, and 52%, respectively. Overall, 25 of 35 (69%) 
samples collected from restaurants were positive to Listeria, whereas only 3 of 42 (7%) samples collected form 
retail markets were positive to Listeria. To isolate Listeria from pork bulgogi, enrichment of 25 g sample in 
Listeria enrichment broth, followed by incubating in fraser broth, was achieved. Then loopfuls of growth were 
streaked onto plates of oxford agar and blood agar. The six most frequent serovars isolated were L. grayi 
(19.2%),L. ivanovii (12.8%),L. welshimeri (11.5%),L. seeligeri (7.7%),L. monocytogenes (3.8%), and 
L. innocua (3.8%). The Listeria positive samples were were enumerated by most probable number (MPN). 
Numbers of Listeria were from below 0.12 MPN/g to 4.6 MPN/g, 

P3-02 Incidence of Listeria in Pork Collected from School Foodservice Programs in lforea 

YUN-JI KIM, Ean-Jung Seo, Young-Ho Kim, Nam-Hyouck Lee, and Seok-Chan Jung, Korea Food 
Research Institute, San 46-1 Baekhyun-dong Bundang-gu, Seongnam-si, Kyunggi-do, 468-420, Korea 

School foodservice programs are growing very fast in Korea, and the safety of raw materials of animal 
origin has become more important. The objective of this study was to observe the incidence and quantity of 
Listeria in pork from school foodservice programs. A total of 116 samples were collected from schools located 
in Kyunggi province. Isolation of Listeria from pork was achieved by enrichment of 25 g of sample in Listeria 

Journal of Food Protection Supplement Journal of Food Protection Supplement - 103 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/sp1/1/1678616/0362-028x-68_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

enrichment broth, followed by incubating in fraser broth. Then loopfuls of growth were streaked onto plates 
of oxford agar and blood agar. Overall, 95 of 116 samples (81.9%) collected were positive for Listeria. Identifi­
cation of species of Listeria was accomplished using API kit. The five most frequent serovars isolated were 
L. gray! (49.1%),L. welshimeri (19.8%),L. ivanovii (16.4%),L. seeligeri (16.4%), andL. innocua (12.1%). 
Listeria positive samples were enumerated by most probable number (MPN). Numbers of Listeria ranged from 
below 0.12 MPN/g to 1840 MPN/g. From the above results, the incidence of Listeria in pork collected from 
school foodservice program was very high (81.9%), butL. monocytogenes was not detected. 

P3-03 Survival of Listeria monocytogenes on Ready-to-Eat Meat Products Stored at Freezer 
Temperatures under Vacuum and Non-vacuum Packaging 
RICHELLE BEVERLY and Marlene Janes, Louisiana State University, 111 Food Science Bldg., 
Baton Rouge, LA 70803, USA 

Our study investigated the survival of Listeria monocytogenes (Lm) at freezer temperatures (-20'C) on 
the surface of RTE meat products. An 18-h culture of Lm was decimally diluted and inoculated (5.8 log CFU/g) 
onto 45 g cubes of RTE roast beef, ham, sausage, chicken breast, and turkey. The samples (vacuum or non­
vacuum packaged) were stored at -20'C and bacterial counts determined at day 0, 7, 14, 21, 28, 30, 60, and 90 
by spread plating onto modified Oxford media and then incubating plates at 37'C for 48 h and determining 
CFU/g. Our results showed that at day 7 there was no significant difference in Lm counts between the different 
RTE meats tested. However, by day 28 Lm counts were significantly higher for the vacuum and non-vacuum 
RTE roast beef samples (6.7 log CFU/g) than for the other meat samples (6.3 log CFU/g). Furthermore, at day 
28 all the RTE meat samples, except the vacuum packaged turkey, had Lm counts greater than 0.5 log CFU/g 
compared to day 0. Conversely, by day 90 the Lm counts had reached or were lower than the initial day 0 
bacterial levels for all RTE meats. Throughout the study the vacuum packaged roast beef, chicken and hot 
dogs Lm counts were significantly higher then the non-vacuum packaged whereas the non-vacuum packaged 
turkey Lm counts were significantly higher then the vacuum packaged. Our study has shown that the ability of 
Lm to survive at freezer temperatures on ready-to-eat meats was dependent on the meat product and packag­
ing condition. 

P3-04 Microbial and Environmental Hazards in Street Foods of Urban Vadodara, India 
MINI SHETH, Renu Gurudasani, and Rashmi Mudbidri, The M. S. University of Baroda, 
Dept. of Foods and Nutrition, Faculty of Home Science, Vadodara, India 

In recent years, street foods in the developing countries have become a part of urban life as they provide 
a source of inexpensive and convenient food which in turn serves as a sole source of income for low income 
group families. A systematic study was undertaken to investigate the microbial and environmental hazards 
present in street foods sold by 100 vendors by means of in-depth spot observations, semi-structured question­
naire and estimation of some foodborne pathogens, using methods of FAO, 1979 in a sub-sample. The results 
showed that most vendors exhibited fair to poor practices of cleaning the stalls and utensils, personal hygiene, 
environmental sanitation and food safety knowledge. Handwashing and dishwashing practices exhibited by 
vendors were far from satisfactory. Microbial analysis of Bhelpuri (prepared from 8 moist and dry ingredients) 
and sandwich samples revealed Total Aerobic Mesophilic bacteria and S. aureus counts in range of log 6 to 
log 8 CFU/g and log 6 to log 7 CFU/g respectively, along with presence of Escherichia coli, Salmonella and 
Shigella in 60%, 55% and 65% of Bhelpuri samples and 35%, 65% and 10% of sandwich samples respectively. To 
identify the source of contamination, hazard analysis was conducted for all the ingredients and other samples 
of personal hygiene and contact surfaces involved in the making of Bhelpuri and sandwiches in the two 
selected stalls. Results showed presence of E. coli in almost all samples and Salmonella and Shigella in knife, 
hand rinse, dishwater, butter, tomato, ketchup and sevpuri samples. Thus street foods prepared under the 
prevalent conditions of hygiene, sanitation and inadequate water and garbage disposal facilities may pose a 
health hazard and calls for immediate control measures on part of government officials to reduce the risk of 
outbreaks of foodborne illnesses. 

P3-05 Dynamic Assessment of the Microbial Quality of Fresh Broccoli in a Food SupJlly Chain 
Rejeanne Dallaire, Denyse I. LeBlanc, CAROLE C. TRANCHAN'l~ Liette Vasseur, Pascal Delaquis, 
Bernadette Goguen, Mary Taylor, Chantal Beaulieu, Patrick Maltais, and Ken McRae, Universite de 
Moncton, School of Food Science and Nutrition, Moncton, New Brunswick, ElA 3E9, Canada 

Fresh produce is known to harbor pathogens associated with foodborne illness. However, little is known 
about the evolution of the microbial quality of fresh fruits and vegetables as they move through the food 
supply chain. This study aimed to assess the microbial quality of fresh broccoli at every step in a production 
and distribution system. Locally produced fresh broccoli was tracked through a supply chain by following 33 
distinct lots of produce from harvest to storage, wholesale handling, and retail display over two seasons. A 
total of 201 randomly selected samples were collected and 804 microbial analyses were conducted on the 
florets, using standard methods, to determine the numbers of viable aerobic bacteria (aerobic colony count, 
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ACC), fecal coliforms, Escherichia coli and Listeria monocytogenes. The temperature of broccoli was also 
monitored. All the samples had low ACC, low or non-detectable levels of fecal coliforms and E. coli, and non­
detectable levels of L. monocytogenes. A small number of samples with detectable levels of fecal coliforms and 
E. coli were found at each step of the production and distribution system during the first season, but none 
were found during the second season. A slight increase in ACC was observed between harvest and retail 
display during both sampling seasons. Broccoli temperature was relatively well controlled throughout the 
supply chain, both years. Overall, the change in its microbial quality in the supply chain considered seemed to 
be more influenced by the age of the broccoli (time since harvest) than by its calculated average temperature. 

P3-06 Microbiological Hazard Assessment for the Construction GAP System in Strawberry Farms 
in the Gyeongnam Province of Iforea 

P3-07 

DSC 

Se-Ri Kim, Won-Bo Shim, Seon-Ja Park, Zheng-You Yang, Soo-Hyung Lee, and DUCK-HWA CHUNG, 
Gyeongsang National University, Div. of Applied Life Science of Graduate School, Chinju, 
Gyeongnam, 660-701, Korea 

The objectives of this study were the assessment of microbiological hazards and provision of the micro­
biological information for the introduction of Good Agricultural Practice (GAP) systems in strawberry farms 
located in the western Gyeongnam province of Korea. A total of 141 samples were collected from water, soil, 
protected houses, and package houses. These samples were examined for sanitary indication bacteria, such as 
aerobic plate count, coliforms, and Escherichia coli. Pathogenic bacteria were also investigated, such as E. coli 
O157:H7, Salmonella spp., Staphyloccoccus aureus and Listeria monocytogenes. As a result of microbial 
assessment, a significant difference between hydroponic cultivated farms and soil cultivated farms was not 
found. APC in the 6 farms studied varied from s 1.5 log CFU/100 cm2 to:;,, 7.0 log CFU/g. The isolation rate of 
coliform and E. coli were 78% and 19%, respectively. Specifically, over 4.5 log CFU/hand of E. coli was observed 
on employees' hands from F farm. According to the results of pathogenic bacteria detection, only the soil of 
F farm was contaminated with Salmonella spp. Staphylococcus aureus was detected in 14% of the collected 
samples. Staphylococcus aureus especially was found frequently on hands. However, E.coli O157:H7 and 
L. monocytogenes were not detected anywhere. 

Role of Post-harvest Processing Practices in Contamination of Lettuce 

YASSAMAN SHAFAIE and Karl R. Matthews, Rutgers University, Cook College, Dept. of Food Science, 
Food Science Bldg., 65 Dudley Road, New Brunswick, NJ 08901, USA 

During post-harvest processing foodborne pathogens can be transferred to a product through processing 
waters, equipment, or contaminated product. In the present study, a series of experiments were conducted 
using Escherichia coli O157:H7, fluorescent microspheres (beads), andEnterobacteraerogenes to determine 
efficacy of washing, impact of cross-contamination, and whether bacterial factors are required for pathogen 
transfer. The efficacy of washing to remove E. coli O157:I-!7, beads, and E. aerogenes from lettuce was investi­
gated by exposing contaminated lettuce (ca. log 7 CFU or particles/g) to the following; wash, spin-dry, wash, 
and spin-dry. Population of E.coli O157:H7, beads, and E. aerogenes decreased, 2, 2.6, and 1.3, respectively, 
on lettuce. In experiment 2, pathogen and bead free lettuce was washed in contaminated wash water (5.5 log 
CFU or 4.1 beads/ml), spin dried and washed again in contaminated wash water (4.9 log CFU or 3.9 beads/ml) 
and spin dried. Populations of E. coli O157:H7, beads, and E. aerogenes on lettuce were 3.5, 2.4, and 4.1, 
respectively. In experiment 3, a single piece of contaminated lettuce ( ~2 g/piece; 7 .6 log CFU/g E. coli 
0157 :H7) was mingled with 200 g of pathogen free lettuce. The lettuce was subjected to two wash and spin 
dry cycles and then E. coli O157:I-!7 populations determined. Following the second spin-dry step, level of 
E. coli O157:I-!7 on lettuce was 5.2 log CFU/g. These series of experiments demonstrate the limited efficacy 
of washing in removing bacteria from lettuce and the cross-contamination of product during processing. 

P3-08 Microflora on Georgia-grown Cantaloupes Related to Packaging and Handling Practices 

DSC E. DEANN AKINS, Mark A. Harrison, and William C. Hurst, University of Georgia, Dept. of Food 
Science and Teoh., Athens, GA 30602, USA 

In recent years, there have been outbreaks associated with the consumption of cantaloupe. Contamina­
tion of cantaloupes with microorganisms could occur anywhere from the field to the packing line. Cantaloupes 
are handled and packed differently in various regions of the United States. Typically, California cantaloupes 
are field packaged while in Georgia they are brought to sheds, washed, and packaged. The objective of this 
study was to enumerate aerobic bacteria on cantaloupes from the field, after washing, and after packaging. 
Four Georgia growers with packing facilities using different variations in product handling were visited four 
times during the harvest season. For each visit, 20 cantaloupes were sampled after transport from the field, 
after washing and after packaging. The washing methods varied among the facilities with 2 using chlorinated 
water, 1 using heated water, and 1 using a combination of heat and chlorinated water. Exposing cantaloupes 
to water between 41 to 50°C for 5 to 10 min did not result in a significant change in the microbial population 
sizes. Microbial populations on cantaloupes from the two farms using chlorinated treatments were < 0.5 log 
lower than on those not chlorinated. However, aerobic populations after packing were approximately the same 
as that on the prewashed cantaloupes. Thus washing, chlorination and hot water treatments applied under 
actual field packing conditions in Georgia do not affect the total aerobic populations on cantaloupes. 
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P3-09 Levels of Microbial Contaminants in Highbush Blueberries before, during and after Processing 

IULIANO POPA, Siva Sabaratnam, Eric J. Hanson, Annemiek Schilder, Ewen C. D. Todd, and Elliot 
T. Ryser, Michigan State University, Dept. of Food Science and Human Nutrition, East Lansing, MI 
48824,USA 

Concerns regarding blueberry spoilage, safety and development of microbiological standards prompted a 
2003 - 2004 survey in which highbush blueberries were collected from 18 different Michigan fields before 
harvest and quantitatively examined for mesophilic aerobic bacteria (MAB) coliforms, Escherichia coli and 
yeasts (Y) and molds (M). Thereafter, blueberries from these same fields were harvested and similarly assessed 
during processing (post-harvest, blower exit, after washing and at freezing) at four facilities along with environ­
mental samples (blower and filler conveyor belts, chlorinated wash water). Duplicate blueberry (100 g), wash 
water (50 ml) and environmental swab samples ( ~10 x 10 cm) were analyzed for MAB, coliforms, E. coli, Y and 
M by plating on Trypyicase soy agar + 0.6% yeast extract, Petrifilm E. coli/coliform plates and potato dextrose 
agar containing streptomycin and ampicillin, respectively, Average counts on blueberries for MAB, Y and M 
were 3.53, 3.85 and 3.33 at pre-harvest, 5.01, 4.45, and 4.13 at post-harvest, and 4.23, 3,88 and 3.67 log CFU/g 
after washing, respectively. Coliform and E. coli counts increased 0.68 and 0.12 logs from pre-harvest to after 
washing, respectively. Microbial populations were highest on the blower and filler belts and lowest in the 
chlorinated wash water. Overall, microbial populations increased ~1.5 logs between harvest and processing 
( 4 to 18 h) with the chlorinated wash water ( ~ 10 to 200 ppm chlorine) reducing, populations <1 log. Thus, 
improved storage strategies before processing and more effective microbial reduction strategies during washing 
are needed to prolong the quality and shelf life of blueberries. 

P3-10 Influence of Biosurfactant-producing Pseudomonasfluorescens on Growth m.netics and 
Dynamics of Adherence of Esclie1·ichia coli O157:H7 on Greenhouse-grown Romaine Lettuce 

WENDY MADUFF and Trevor Suslow, University of California-Davis, Mann Lab, One Shields Ave., 
Davis, CA 95616, USA 

Characterizing the interactions of epiphytes on the fate of zoonotic bacterial pathogens arriving on the 
phyllosphere may provide management options in food safety systems for edible horticultural crops. In this 
study, the interactions and effects on growth kinetics and dynamics of adherence on greenhouse-grown 
Romaine lettuce leaves, pre-colonized by a biosurfactant produoing,Pseudomonasfluorescens 123 or 
P. fluorescens EG3 (Tn5 mutant that does not secrete biosurfaotant) were conducted. P. fluorescens 123 
or P. fluorescens EG3 were inoculated at approximately O and 5.0 log CFU/leaf and held at 25'0 under lights 
(16D/8N) and high relative humidity (>95%), At 48 h, approximately 5,0 log CFU/leaf Escherichia coli 
0157:H7 was inoculated at the target site and returned to the same conditions. Recovery of pseudomonads 
and E. coli 0157:l-17 at inoculation (-0.5 h) and at 0, 24, 48, 72, 96, and 120 h was conducted on appropriate 
selective media. Individual populations from 6 replicate leaves were enumerated, correcting for carry-over 
of tightly adhering wash water, Recovery was conducted using a sequential rub-shake-rub (1 ') followed by 
a separate stomaching (2') procedure. In contrast to previous studies with Salmonella spp, on Romaine, 
although significant differences in recovery (P < 0.05) were observed for pre-colonized leaves, no significant 
difference could be ascribed to the role of the biosurfactant synthesis, Biosurfactant did not enhance removal 
or measurable internalization. An apparent differential increase in adherence over time was observed with 
E. coli 0157 :I-I7 recovered from leaves inoculated with P. fluorescens EG3 at 120h (P < 0.05) between the 
1' and 2' recovery. 

P3-11 Using Sanitizers and Heat Tl·eatments to Enhance Microbial Safety of Fresh-cut Mangoes 

W. MAI-IAKARNCI-IANAKUL, C. Sertthikul, N. Tussaporn, and T. Sajjaanuntakul, Kasetsart University, 
Dept. of Food Science and Teoh., Faculty of Agro-Industry, 50 Paholyothin Road, Bangkhen, Jatujak, 
Bangkok,10900,Thailand 

Inactivation of artificially contaminated on and in Numdokmai mangoes (Mangifera indica) either with 
single strain or five strain of salmonellae using sanitizers or heat treatments were investigated. Results showed 
salmonellae survived on and in mangoes at 30'0 and 15'0, for up to 5 and 9 days until spoilage. Washing 
contaminated mangoes with sodium hypochlorite (200 ppm, pH 4 for 10 min) reduced salmonellae cells 
on surface by 2.0 to 3.0 log from initial population of 3.0 to 4.0 log CFU/fruit. I-Iydrogen peroxide at 1.5, 3 
and 5% for 10 min or hot water (60'0, 15 min and 62"0, 4 min) also reduced cells by 2.0 to 4.0 log, However, 
chlorine dioxide (5, 10, 20 ppm for 30 min) and Hp

2 
(1, 5, 10% for 30 min) did not inactivate internalized 

cells in mangoes. Cross-contamination examination by cutting washed mangoes to get the half-piece (with 
rinds remaining) showed no growth after storage for 24 h at 15'0, However, cells revived after 48 to 72 h. 
While fresh mangoes prepared from fruit washed with 200 ppm sodium hypochlorite 200 ppm for 10 min and 
I-Ip2 5% for 10 min and stored at 30'0 and 15'0 for up to 72 h showed negative salmonellae detection, cells 
were found from hot water treated mangoes (60'0 for 20 min) by tryptic soy broth enrichment. Use of 
sanitizers and heat treatments in appropriate conditions could enhance food safety in fresh-cut fruit prepara­
tion; however the shelf life of this product should be considered due to the possible recovery of injured cells. 
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P3-12 The Use of Peracetic Acid for Microbial Control of Minimally Processed Cheil'o Verde 

SILVANA SREBERNICH, Antenor Pizzinato, and Neliane Silveira, Pontiffoia Universidade Cat6lica 
de Campinas, Nutrition College, Rua Pedreira, 309, Campinas, Sao Paulo, 13050-544, Brazil 

Saving time and adopting healthy habits are some of the reasons to explain the increasing consumption 
of vegetables minimally processed, They must be free of pathogenic microorganisms and a disinfecting step is 
considered a critical point for the reduction of microbial load. Therefore, the main objective of this study was 
to evaluate the efficacy of peracetic acid as a chlorine substitute. A mixture of parsley and welsh onion (1:1) 
was used since it was the most contaminated vegetable analyzed in previous work. Tests were performed at 
3 concentration levels (60, 80, 100 ppm) and 3 exposure times (5, 10, 15 min) with 3 repetitions, A 15 min 
treatment with tap water was used as control. The treatment efficiency was evaluated by the number of 
decimal reductions of microbial population (total and fecal coliforms, molds and yeast) and by Salmonella 
detection. The results showed that concentration less than 100 ppm and time less than 10 min was not 
effective. Therefore, logarithm cycle reductions of 2.7 and 3,0; 1.5 and 2.5; 1.0 and 1.5 were obtained for 
molds and yeasts; total coliforms; fecal coliforms at 10 and 15 min treatments. In relation to the use of sodium 
hypochloride (120 ppm for 15 min) the reductions were about 0.4, 1.0 and 1.0 logarithm cycles for molds and 
yeasts, total and fecal coliforms, respectively. Thus, it is necessary to use at least 10 min treatment at the 
concentration of 100 ppm in order to get good results. At the 15 min treatment peracetic acid was more 
effective than sodium hypochloride. Salmonella was not detected, 

P3-13 Survival of Escliericliia coli 0157:H7, Salmonella s1>1>. and Slii,Jella sp1•• on Watermelon 
Surfaces 

FRANK SCHLITT-DITTRICH, Aaron Uesugi, Trevor V. Suslow, and Linda J. Harris, University of 
California-Davis, Dept. of Food Science and Teoh., One Shields Ave., Davis, CA 95616, USA 

The survival of Escherichia coli 0157 :I-17, and multistrain mixtures of Salmonella spp. and Shigella spp., 
was evaluated on watermelon surfaces. Culture preparations (8 log CFU/ml) suspended in sterile 5% horse 
serum albumen were spot inoculated (20 µl) central to 9-cm2 areas or the stem scar and allowed to dry at 22°C 
for 3 h. Watermelons were stored at 10, 20, or 29°C for up to 14 days. At each time point, a 9-cm2 core was 
removed, the exocarp aseptically excised and stomached in 0.1% peptone with 0.05% 'l\veen 80. Replicate 
aliquots were plated onto appropriate selective agar amended with 0.1% pyruvic acid. Applied populations 
declined by approximately 1 log CFU/disc following drying. When stored at l0°C for 14 days, Salmonella spp. 
was reduced 3.0 and 3.3 log CFU/disc, E, coli 0157 :I-17 was reduced 4. 9 and 4.8 log CFU/disc, and Shigella spp. 
was reduced 4. 7 and 5.0 log CFU/disc on the green and yellow (ground spot) surface, respectively. When stored 
at 20°C for 7 days, Salmonella spp. was reduced 2.3 and 2.6 log CFU/disc, E. coli 0157:1-17 was reduced 4.4 
and 4.8 log CFU/disc, and Shigella spp. was reduced 3.2 and 3.9 log CFU/disc on the green and yellow rind, 
respectively, Salmonella spp. was selected for further studies. No differences in survival were found among 
inoculations spotted on the smooth green rind, naturally-healed superficial wounds, or the stem end of 
watermelons stored at 20°C for 10 days. Post-drying survival of Salmonella on the green upper-rind surface 
of watermelon was 1.83 log CFU/disk greater when stored at 20°C compared to 29°C. In contrast, the log 
difference at the stem-end was less than 0.3 log CFU at these temperatures. While postharvest factors common 
to watermelon handling would likely limit survival, the capacity of bacterial pathogens to persist on the 
external surfaces of watermelon underscore the importance of prevention of initial contamination and further 
reduction interventions prior to processing for consumption. 

P3-14 Survival of Salmonella on Wounded Orange Surfaces 

DSC AMANPREET BRAR and Linda J. Harris, University of California-Davis, Dept. of Food Science and 
Tech., One Shields Ave., Davis, CA 95616, USA 

Oranges with minor surface wounds may go undetected at the packing house. The objective of this study 
was to determine the impact of puncture wounds on survival of Salmonella on orange surfaces. Oranges were 
wounded by puncturing the peel (2 mm diameter x 3 mm deep). After wounding, oranges were held at 24°C for 
0 or 24 h before inoculating the wound or intact control site with 10 µl of a five-strain cocktail of Salmonella 
spp. suspended in 3% sodium bicarbonate (SB) or 5% horse serum. Oranges were incubated at 24'C for 
1 h (to dry inoculum) or for 24 h before analysis. Salmonella were recovered by rubbing the whole orange for 
60 sec in 10 ml of DE broth and/or by excising a 1-cm2 area around the inoculation site and albedo below the 
wound. The excised peel was stomached for 1 min in 10 ml of DE broth. Samples were plated onto tryptic soy 
and bismuth sulfite agars and incubated at 37°C for 24 or 48 h, respectively. Reductions of 1 log (1 h) and 2 log 
(24 h) were observed on both wounded and unwounded sites regardless of inoculum carrier, However, 1-log 
greater reductions were observed after 24 h on intact sites when SB was used. Survival was similar on intact 
surfaces and 24-h old wounds. When Salmonella was recovered by rubbing, similar levels were recovered from 
intact and wounded sites. When inoculation sites were subsequently excised and stomached 3-log greater 
recovery of Salmonella was observed at the wound sites. Salmonella in liquid suspension can enter and 
survive in minor orange peel wounds emphasizing the need for postharvest systems that minimize fruit 
damage and maintain water sanitation. 
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P3-15 Survival and Growth of Enterobacter saltazakii on Fresh-cut Fruits and Vegetables 
DSC HOIKYUNG KIM and Larry R. Beuchat, University of Georgia, Center for Food Safety, 

Dept. of Food Science and Tech., 1109 Experiment St., Griffin, GA 30223-1797, USA 

P3-16 
DSC 

P3-17 
DSC 

Enterobacter sakazakii is known to cause infections in infants and elderly immunocompromised indi­
viduals. Its documented presence in food processing plants, homes, and other environments raises concern 
about its ability to survive and grow in a wide range of foods. We conducted a study to determine the survival 
and growth characteristics of E. sakazakii on fresh-cut lettuce, cabbage, carrot, cucumber, tomato, apple, 
strawberry, watermelon, and cantaloupe and in juice prepared from these fruits and vegetables. Inoculated 
produce (2.6 log CFU/g) and juice (1.5 log CFU/ml) were stored at 4, 12, and 25'C and monitored for popula­
tions of E. sakazakii for up to 7 days. Populations steadily declined on produce and in juice but were detected 
throughout storage at 4'C. E. sakazakii grew on fresh-cut watermelon, cantaloupe, apple, cucumber, and 
tomato and in watermelon, carrot, cucumber, and lettuce juice at 12'C. Growth occurred at 25'C on all 
produce except strawberries and in all juices except apple, strawberry and cabbage. Fresh-cut watermelon, 
cantaloupe, cucumber, apple, and tomato supported population increases of 1 to 3 log CFU/g within 3 days 
at 12'C and 4 to 6 log CFU/g within 2 days at 25'C. Growth of E. sakazakii in juices at 25'C was followed by 
reductions to undetectable populations ( < 1 CFU/ml) within 2 to 4 days post inoculation. Death was concur­
rent with decreases in pl-I, which were attributed in part to growth of lactic acid bacteria. Results show that 
E. sakazakii can grow on a wide range of temperature-abused fresh-cut produce and produce juice. 

Attachment of Escliericliia coli 0157:87 to Lettuce and Cal'rot Sul'faces and Possible 
Internalization 

JINKYUNG KIM and Mark A. Harrison, University of Georgia, Dept. of Food Science and Tech., 
Athens, GA 30602, USA 

Potential attachment and internalization of Escherichia coli 0157:1-17 to fresh produce was investigated 
using scanning electron microscopy (SEM). Pieces (approx. 0.5 x 0.5 cm) of baby carrots and lettuce were 
inoculated by submerging them into a suspension of E. coli 0157: 1-17 (8.3 log CFU/ml) for 4 hat ambient 
(20°C) and refrigeration temperature ( 4°C) and allowed to drain on filter paper in a laminar flow hood. Then, 
the pieces were fixed with cacodylate buffer, dehydrated in an ethanol series, dried in critical point dryer, and 
coated with gold using a sputter coater for SEM examination. The results indicated thatE. coli 0157:1-17 cells 
could attach to both carrots and lettuce with greater numbers attached at ambient rather than at refrigeration 
temperature. E. coli 0157:1-17 attached to produce surfaces at different angles which may affect intensity of 
attachment. E. coli 0157:1-17 could internalize through stomata in lettuce. Due to processing, stomata were 
missing on the baby carrots. However, visible mechanical damage from processing was observed on the surface 
of baby carrots and played a role in bacteria internalization. Internalization may result in an underestimation 
of bacterial contamination and reduce sanitizing efficacy due to limited contact with sanitizing agents. 

Incidence and Distt·ibution of Salmonella Serotypes Isolated from Tomato and Related 
Environmental Materials from Hydroponic Greenhouses 
LEOPOLDO OROZCO R., Montserrat H. Iturriaga, and Eduardo F. Escartin, Universidad Autonoma 
de Queretaro, Laboratorio de Microbiologia de Alimentos. Dept. de Investigacion y Posgrado de 
Alimentos. Facultad de Quimica., C. U. Cerro de las Campanas S/N. Col. Nifios Heroes, Queretaro, 
76010, Mexico 

In the last decade, at least three outbreaks of salmonellosis have been associated with the consumption 
of raw tomatoes. Sources and mechanisms of Salmonella contamination have been widely studied for produce 
grown in open fields. The prevalence of Salmonella during three years averaged 3.0% on tomatoes grown in 
hydroponic greenhouses. During 2003 - 2004, modern hydroponic greenhouses were affected by flooding and 
later, by the presence of wild animals. The objective of this work was to evaluate the influence of such events 
on the incidence and distribution of Salmonella on hydroponic tomatoes. Salmonella serotypes were investi­
gated in 910 samples of tomato and 382 of different environmental materials. Salmonella was present in 7.9% 
of tomatoes collected in the greenhouses. Also, it was recovered from personnel shoes (10.6%), puddles 
(11.7%), vehicle wheels (14.0%), working-shoes (16.3%), soil (22.6%), and feces of both wild and farm animals 
(57.9%). The identified serovars were Montevideo (58.0%), Newport (4.2%), Abaetetuba (2.8%), Oranienburg 
(2.8%), Midway (1.4%), and Muenchen (1.4%). Strains from serogroup F were 29.6%. S. Montevideo was 
identified in 55.0% of positive tomato samples and 48.8% of positive environmental samples, whereas 
serogroup F strains were present in 20.0% and 25.8%, respectively. Apparently, S. Montevideo showed an 
association among tomatoes, wild animals and puddles. Meanwhile, serogroup F was associated with contami­
nation of tomatoes, shoes and farm animals. This work shows the importance of flooding and the presence of 
wild animals as sources of contamination to the greenhouses, thus affecting the microbial safety of tomatoes 
even before harvest 
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P3-18 Isolation of Salmonella Entel'itidis PT 30 from a Single Almond Orchard Over a Four-year 
Period 

AARON R. UESUGI, Michelle D. Danyluk, Robert E. Mandrell, and Linda J. Harris, University 
of California-Davis, One Shileds Ave., Davis, GA 95616, USA 

In 2000/2001 an outbreak of Salmonella Enteritidis Phage Type 30 was linked to consumption of raw 
almonds. Traceback investigations lead to isolation of the outbreak strain from almond orchard soils. The 
objective of this study was to evaluate the persistence of S. Enteritidis in a single 61-hectare almond orchard. 
Swabs (string tied to gauze and saturated with evaporated skim milk) were pulled along the orchard floor in 
a standardized manner for a distance of 55 m. At each sample time, two pooled samples ( 4 swabs each) were 
collected from each of the four orchard quandrants. Swabs were enriched for Salmonella by addition of 
tetrathionate broth (TTB) and incubation at 42°C for 18 to 24 h. The TTB was held for a further 5 to 7 days 
at room temperature, transferred to fresh TTB, and incubated at 37°C for 18 to 24 h. Primary and delayed 
enrichment broths were streaked onto selective agar. Suspect Salmonella isolates were selected, confirmed, 
serotyped, phage typed, and pulsed field gel electrophoresis (PFGE) patterns were determined (Xba I and Bin 
I). Salmonella was seldom recovered from December through July (3 of 48, 6%). During harvest when large 
amounts of dust were generated, isolation frequency increased: August ( 4 of 20, 20%), September (13 of 64, 
20 %), October (22 of 49, 45%), and November (2 of 8, 25%). All isolates were identified as S. Enteritidis PT 
30 with two PFGE patterns that differed by the presence of an approximately 40-kb fragment. These data 
demonstrate the potential for long-term environmental survival of Salmonella in almond orchards. 

P3-19 Survival of Salmonella Enteritidis PT 30 on Almonds after Exposure to Hot Water 

AARON R. UESUGI and Linda J. Harris, University of California-Davis, One Shields Ave., 
Davis, GA 95616, USA 

Almond skins are removed by treatment with steam and/or hot water (blanching). The objective of this 
study was to evaluate survival of Salmonella on almonds exposed to hot water. Whole Nonpareil almonds 
( 40 g) inoculated (108 CFU/g) with S. Enteritidis PT 30 were submerged in 24 1 of water maintained at 70, 
80, or 88'0 (± 0.2°C). Almonds were heated for 0.5 to 4.0 min, drained for 4 sec, transferred to 80 ml of cold 
( 4°C) tryptic soy broth, and stomached for 2 min. Appropriate dilutions were plated onto tryptic soy and 
bismuth sulfite agars, and incubated at 37°C for 24 and 48 h, respectively. Skins remained fully or partially 
attached to kernels and were included in the analysis. Reductions of 1. 7, 3.0, and 4.6 log CFU/g were observed 
within 30 sat 70, 80, and 88°0, respectively. Thereafter, S. Enteritidis declined at a slower rate. Standard 
deviations were large particularly at the longer treatment times. This may have been due to partial detach­
ment of skins from kernels. D values were calculated assuming that the outer surface of the almond uniformly 
and immediately reached the water temperature and that reduction of Salmonella followed first order thermal 
death kinetics. D values of 1.0, 0.6, and 0.3 min were determined for exposure to 70, 80, and 88°0, respec­
tively. The z-value was calculated to be 29°C. Current industry practice of blanching at 88 to 96°C for 2 to 3 
min for removal of almond skins should be adequate to achieve a 5-log reduction of Salmonella. 

P3-20 Survival of Salmonella Enteritidis PT 30 on Almonds after Exposure to Hot Oil 

WEN-XIAN DU and Linda J. Harris, University of California-Davis, Dept. of Food Science 
& Technology, One Shields Ave., Davis, GA 95616-8598, USA 

Almonds are roasted by exposure to hot air or immersion in hot oil. However, little data exists on the 
behavior of Salmonella under roasting conditions. Our objective was to evaluate Salmonella survival on 
almonds in hot oil. Whole Mission almonds (50 g) inoculated (5 or 8 log CFU/g) with S. Enteritidis PT 30 were 
submerged in 2.8 1 of hot oil. Almonds (8 log CFU/g) were heated for 0.5 to 4.0 min, drained for 10 s, trans­
ferred to 100 ml of cold ( 4 'C) TSB, and stomached for 2 min. Samples were plated onto tryptic soy and 
bismuth sulfite agars, and incubated at 37'0 for 24 and 48 h, respectively. Reductions of 2.9, 3.0, or 3.6 log 
CFU/g were observed within 30 s of exposure to 116, 121, or 127'0, respectively. Thereafter, the reduction was 
linear but at a slower rate of decline. The time to achieve a 5-log reduction was estimated to be 3.0, 2.2, or 1.3 
min at 116, 121 or 127°C, respectively. To confirm these data, almonds (3 x 50 g) inoculated at 5 log CFU/g 
were heated for 0.5 to 3.5 min. Each sample was blended in 450 ml of lactose broth and three 10-ml samples 
were enriched for Salmonella using standard methods. A 5 to 6-log reduction was achieved in 1.5 to 2.5 min 
or 1.0 to 1.5 min of exposure to 121 or 127°C oil, respectively. Current industry practice of roasting in oil 
heated to 138 to 150°0 for 3 to 10 min should achieve a 5-log reduction of Salmonella on almonds. 

P3-21 Inhibition of Bacterial Human Pathogens by Plant-Associated Pseudomonads Both 
In Vit1·0 and on Sprouting Alfalfa Seed 

WILLIAM FETT and George Somkuti, USDA, ARS, ERRG, 600 E. Mermaid Lane, Wyndmoor, PA, 
19038 USA 

Foodborne illness due to the consumption of raw or lightly cooked sprouts contaminated with Salmonella 
or Escherichia coli 0157:H7 continues to occur. Much research has been devoted to the study of chemical and 
physical methods for sanitizing sprout seed, but few studies have been undertaken on the use of biological 
approaches for pathogen control. In this study the ability of plant-associated Pseudomonads to inhibit growth 
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of Salmonella, E. coli 0157:1-17, Listeria monocytogenes and Shigella on agar and in broth media was deter­
mined. The ability of selected Pseudomonads to inhibit outgrowth of Salmonella and E. coli 0157:1-17 from 
artificially contaminated alfalfa seed during sprouting was also evaluated. Strong inhibition of Salmonella, 
E. coli 0157:1-17 and Shigella was demonstrated by Pseudomonasfluorescens strain 2-79 in vitro. In broth 
co-culture experiments Salmonella and E. coli 0157 :H7 populations were reduced by 5 to 6 log CFU/ml at 
24 h. The pathogen L. monocytogenes was strongly inhibited in vitro by P. fluorescens strains Pf-5 and CHAO. 
After 6 days of growth, the population of a five strain cocktail of Salmonella on alfalfa sprouts propagated from 
inoculated seeds treated with strain 2-79 was reduced by 4 to 5 log CFU/g in comparison to growth on the 
control sprouts. Population reductions for E. coli 0157:1-17 were less, but still significant. The results demon­
strate that the use of antagonistic bacteria for controlling the outgrowth of bacterial human pathogens on 
sprouting seed may be a viable intervention for use by conventional as well as organic sprout growers.xS 

Microbial Profiles of Online-procured Sprouting Seeds and Potential Hazards Associated 
with Enterotoxigenic Bacillus spJl, in Home-grown Sprouts 

MAHMOUD F. KHALID, Aref Kalantari, and Steven Pao, Virginia State University, Agricultural 
Research Station, P.O Box 9061, Petersburg, VA 23806, USA 

We examined the microbiological quality of sprouting seeds sold through the Internet. Overall, five types 
of seeds each from six organic and six conventional sources were evaluated. Furthermore, the growth and toxin 
production of naturally occurring Bacillus spp. in sprouts produced using home-scale sprouting devices were 
investigated. Respectively, for alfalfa, broccoli, lentil, mungbean and radish seeds, the average microbial counts 
were 3.3, 4.0, 2.8, 3.5 and 3.6 log CFU/g, presumptiveB. cereus counts were 0.7, 1.0, 0.8, 1.0 and 0.9 log CFU/ 
g, and total coliform counts were -0.3, -0.4, -0.5, 0.0 and -0.4 log MPN/g. No Salmonella, Escherichia coli 0157, 
other fecal coliform, or Staphylococcus aureus was found on seeds. Compared to conventional seeds, the 
organic seeds had less or equivalent counts of total microorganisms, presumptive B. cereus, and total coliforms. 
When sprouting by a glass jar, the growth of presumptive B. cereus was significant in radish and broccoli, but 
not alfalfa, lentil and mungbean sprouts; the counts exceeded 5.0 log CFU/g in radish sprouts. When sprouting 
by an automatic sprouting device, presumptive B. cereus showed slight growth ( < 3.0 log cycles) in radish, 
broccoli, and mungbean sprouts, but no growth in alfalfa and lentil sprouts. Although the presumptive B. cereus 
isolates were enterotoxigenic, they did not produce or accumulate detectable levels of diarrhoeal toxins in 
freshly produced sprouts. In conclusion, the microbial quality of sprouting seeds could be influenced by seed 
type and source. The growth of Enterotoxigenic Bacillus spp. during sprouting is influenced by both seed type 
and sprouting method. 

P3-23 Influence of Blanching Treatments on Salmonella during Home-type Dehydration 
and Storage of Potato Slices 

Patricia Dipersio, PATRICIA KENDALL, Yohan Yoon, and John Sofos, Colorado State University, 
Gifford Bldg., Room 200, Fort Collins, CO 80523-1571, USA 

Traditional treatments for home-dried vegetables may not effectively inactivate pathogens that could be 
present on minimally processed fruits and vegetables. The objective of this study was to evaluate the influence 
of modified treatments on Salmonella during preparation, home-type dehydration (60°C, 6 h) and storage of 
Russet potato slices. Inoculated (five-strains, 8.4 log CFU/g) potato slices were left untreated or treated with 
steam blanching (88°C, 10 min), water blanching (88°C, 4 min), 0.105% citric acid blanching (88°C, 4 min), 
or 0.210% citric acid blanching (88°C, 4 min), dried for 6 h (60°C), and stored for up to 30 days. Salmonella 
populations were reduced by 4.5 to 4.8 and >5.4 log CFU/g immediately following steam or water blanching, 
respectively. Bacterial populations were below the detection limit (0.80 log CFU/g) immediately following acid 
blanching, except for samples blanched in 0.105% citric acid and recovered on TSAP. After 6 h dehydration at 
60°C, Salmonella reductions on blanched potato slices (5.3-5.4 log CFU/g) were significantly (P < 0.05) greater 
than those on unblanched (control) samples (1.9 to 2.7 log CFU/g). Bacterial populations on all samples 
continued to decrease throughout 30 days of storage. After 6 h dehydration and 30 days of storage, populations 
on all blanched samples were undetectable by direct plating (regardless of blanching method), but ranged from 
3.14 to 3.92 log CFU/g on unblanched (control) samples. It was concluded that the blanching methods used in 
this study promoted inactivation of Salmonella during drying and storage of potato slices and, therefore, may 
enhance the safety of the finished product. 

P3-24 Effectiveness of Gaseous Chlorine Dioxide in IGlling Salmonella, Escherichia coli 0157:H7, 
Liste1•ia monocytogenes, and Yeasts and Molds on Fresh and Fresh-cut Fruits and Vegetables 

Kaye V. Sy, Melinda B. Murray, M. David Harrison, and LARRY R. BEUCHAT, University of Georgia, 
Center for Food Safety & Dept. of Food Science and Tech., 1109 Experiment St., Griffin, GA 
30223-1797, USA 

An increased frequency in outbreaks of illness associated with the consumption of fresh produce in recent 
years has raised interest in developing more effective sanitization methods. Among the sanitizers of interest 
is gaseous chlol'ine dioxide (CIO). We previously observed that treatment of blueberries, strawberries, and 
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raspberries with gaseous 0102 was effective in killing large numbers of Salmonella without compromising shelf 
life. We expanded these studies to evaluate the efficacy of gaseous 0102 in killing Salmonella, Escherichia coli 
0157:H7, and Listeria monocytogenes inoculated onto the surface of fresh-cut cabbage, carrot, and lettuce 
as well as fresh whole apples, peaches, onions, and tomatoes. Sachets containing reactant chemicals were 
formulated to produce gaseous 0102 at concentrations of 1.4, 2.7, and 4.1 mg/L of air in a sealed cabinet within 
5.4 to 10.5, 10.5 to 20.5, and 20.5 to 30.8 min, respectively, at 22'0 and high relative humidity (62 to 98%). 
Treatment with 1.4 mg/L 010

2 
significantly (P s 0.05) reduced populations of pathogens on all produce. 

Significant reductions in yeasts and molds on apples and peaches but not on tomatoes and onions were 
achieved by treatment with 0102• With the exceptions of apples, tomatoes, and onions, treatment of produce 
with gaseous 010

2 
at concentrations causing reductions in pathogens similar to those achieved using 100 to 

200 µg/ml chlorine adversely affected the sensory quality during subsequent storage. The effect of a more rapid 
release of 0102 into the atmosphere surrounding produce on inactivation of pathogens and on sensory quality 
should be further studied. 

P3-25 Disinfectant/Sanitizer Management for Food Utensils, Confainers and Paclmges in Iforea 

Kwang-Ho Lee, In-Shin Kwak, Kil-Jin Kang, Mi-Ok Eom, Dae-I-loon Jeon, I-IYUNG-IL Kim, 
Jun-Hyun Sung, Jung-Mi Choi, I-Ian-Saem Kang, and Chul-Won Lee, Korea Food and 
Administration, Div. of Food Packaging, 231 Chinhung-ro, Eunpyeong-gu, Seoul, 122-704, Korea 

P3-26 
DSC 

In Korea, by the amendment to Food Sanitation Act in Aug. 2002, disinfectant/sanitizer products have 
been managed as a part of food additives, which is indirectly transferable to food by being used for the purpose 
of disinfection or sterilization of utensils, containers and packages for foods. Under the law, the Temporary 
Standards and Specifications for disinfectant/sanitizer products has been enforced (Amended by KFDA notifica­
tion No. 2004-87, Nov. 23. 2004). In conformity with this regulation, all disinfectant/sanitizer products should 
be proved to have bactericidal activity by an accredited method, for instance AOAC, OEN, etc., diluted to 
manufacturer's recommended in-use concentration. However the methods might show different disinfectant/ 
sanitizer efficacy because of factors influencing a test method for antimicrobial activity of disinfectant/sanitizer. 
Therefore based on AOAC and OEN disinfectant/sanitizer efficacy testing methods and Microbial Test of Food 
Code of Korea, we established the National Standardization Test Method to ascertain whether a disinfectant/ 
sanitizer product has bactericidal activity. Up to date, Jan. 2005, KFDA has permitted about 50 types of 
disinfectant/sanitizer products with this method. 

Susceptibility of Penicillium expansum Spores to Sodium Hypochlodte, Electrolyzed 
Oxidizing Water, and Chlorine Dioxide on Wood and Plastic Surfaces in the Presence 
of Surfactants 

DERRICK OKULL, Ali Demirci, and Luke LaBorde, Pennsylvania State University, Dept. of Food 
Science, University Park, PA 16802, USA 

Penicillium expansum is a post-harvest apple pathogen that usually produces patulin, a potentially 
carcinogenic mycotoxin, in apple products contaminated with the organism. Storage bins are logical sanitation 
targets because they are a reservoir for P. expansum spores, which accumulate between seasons and increase 
the contamination rate of stored apples. In this study, Sodium hypochlorite, Electrolyzed oxidizing (EO) water, 
and Chlorine dioxide modified with 0.5% VN of the non-ionic surfactants polyoxyethylene sorbitan monooleate 
(Tween 80'"), polyoxyethylene sorbitan monolaurate (Tween 20'"), and sorbitan monolaurate (Span 20'") were 
compared for their efficacy against spores of P. expansum on wooden and plastic bin materials. The surfaces 
were inoculated and dried, then dipped and gently agitated for 5 min in each solution. Surfaces were rinsed 
off and surviving spores enumerated by plating on Potato Dextrose Agar medium.Tween 20'M and Span 20'" 
significantly improved the efficacy of 200 ppm sodium hypochlorite, but Tween 80,M reduced its activity. The 
activities of EO water or chlorine dioxide on the wood surfaces were not improved by the surfactants. All the 
treatment solutions were generally more effective on plastic than on wood surfaces. The combination of 
surfactants with sanitizers on plastic surfaces improved activity more than two-fold, except for Tween 80, 
which reduced the activity of EO water significantly. Specific non-ionic surfactants could potentially be 
combined with some chlorine-based sanitizers to control P. expansum spores on storage bins. It would be 
prudent to use plastic rather than wood bins for storage of apples in order to better control P. expansum. 

P3-27 Monitoring and Survey of Sanitizers and Disinfectants in Food Processing Plants in South 
Iforea 

BYUNG KYU PARK, I-lye Won Shin, I-lee Kyung Park, Dae Woo Park, Yang-Hee Cho, Yong-Soo Kim, 
Kwang-I-Io Lee, Kil-Jin Kang, Dae-I-loon Jeon, Ki-Hwan Park, and Sang-Do I-Ia, CJ Corp., Food Safety 
Research Center, 636 Guro-Dong, Guro-Gu, Seoul, 152-050, South Korea 

We investigated commonly used sanitizers and disinfectants (SD) in food manufacturing establishments 
and analyzed the problems in the usage to suggest the desirable use of SD in food processing plants in South 
Korea. We surveyed 76 SD products supplied in commercial market and 101 SD products practically used in 
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37 food processing plants in South Korea from May to July, 2004. 'l'he main active ingredients of 76 SD pro­
ducts supplied in market were QAC (quaternary ammonium compounds, 26%), chlorine compounds (22%), 
acid-alkali compounds (16%), iodophor compounds (12%), oxygen compounds (8%), alcoholic compounds (6%), 
and surfactants (4%). 'l'he main type of SD products was liquid (84%) and food contact sanitizers were more 
highly used (61%) than non-food contact sanitizers (39%). 101 SD products used in 37 food processing plants 
were classified as chlorine compounds (33%), alcoholic compounds (26%), acid-alkali compounds (12%), 
oxygen compounds (11%), surfactants (9%), QAC (2%), and iodophor compounds (1%). 'l'he materials to be 
used were mainly for stainless steel (54%) and hands (20%). As the results of this survey, chlorine and alcoholic 
compounds were mainly used in food processing plants in South Korea because of the past legal limit. Before 
Dec. 2003, every SD products sold in South Korea must be approved as a food additive by Food Sanitation Law. 
In the future, many and various SD containing various kinds of active ingredients should be supplied and used 
in food processing plants in South Korea. 

P3-28 Evaluation of Effectiveness of Sanitizers and Disinfectants in Food Processing Plants 
in South Rorea 

BYUNG KYU PARK, Hye Won Shin, Hee Kyung Park, Dae Woo Park, Kwang-Ho Lee, Kil-Jin Kang, 
Dae-Hoon Jeon, Ki-Hwan Park, and Sang-Do Ha, CJ Corp., Food Safety Research Center, 
636 Guro-Dong, Guro-Gu, Seoul, 152-050, South Korea 

We evaluated both effectiveness of sanitizers and disinfectants (SD) practically used in food processing 
plants and stability of SD during 2 months of storage to suggest desirable standards for using SD in food 
processing plants in South Korea. Chlorine and hydrogen peroxide compounds produced 2 to 3 log reductions 
and effectiveness of these was higher than other SD products. Otherwise, alcohol produced less than 1 log 
reduction in many cases. Before treatment of SD in food processing plants, total aerobic plate count (APC) 
were 101 to105 CFU/cm2, coliforms were 101 to 102 CFU/cm2, and Escherichia coli was below 10 CFU/cm2• APC 
were reduced to 101 to 102 CFU/cm2 after SD treatment. S. aureus A'l'CC 6538 and E. coli A'l'CC 10536 were 
used to examine the stability of effectiveness of SD during storage. Alcohol compound, QAC (quaternary 
ammonium compounds) and hydrogen peroxide compound maintained their effectiveness constantly during 
2 months at the recommended use concentration. But effectiveness of chlorine compound was reduced from 
8 log to 4 log reduction within 2 weeks. Actually, legally approved products which showed 5 log reduction 
against S. aureus and E. coli in vitro were not effectively working in the field and the effectiveness was partially 
reduced during storage. In the future, the practical simulation test must be added to the evaluation method 
for effectiveness of SD in South Korea and development of a manual containing proper directions for use 
of SD depending on food type, processing step, object material, etc. is desirable. 

P3-29 Microbial Hazard .Analysis of Pote11tially Hazardous Foods and Food Contact Surfaces in 
School Foodservice Establishments 

EUN-JUNG KIM, Tong-Kyung Kwak Yum, Ji-Hyun Lee, Young-Jae Kang, Kyung Ryu, and Sung-Hee 
Kim, Yonsei University, Dept. of Food and Nutrition, 134 Shinchon-dong, Seodaemun-ku, Seoul, 
120-749, South Korea 

A generic I-IACCP plan has been developed and implemented to assure school foodservice safety since 
2000 in Korea. 'l'he purpose of the study was to assess microbiological hazards for the verification of the 
implemented I-IACCP plan. Samples from high-risk food materials and cooked foods, utensils, employee's hands 
and gloves, and drinking water from 10 school foodservice operations were collected and total plate counts, 
coliforms, Escherichia coli, Staphyloccocus aureus and Enterobacteriaceae analyses were performed using 3M 
Petrifilms. 'l'he samples of employees' hands and gloves were taken by glove juice method. 'l'wo samples out of 
twelve cooked foods were in satisfactory conditions and five samples were unsatisfactory for total plate counts 
test. 'l'otal plate counts of thirty-five food materials ranged from 1.0 to 8.2 log CFU/g, while employees' hands 
were 2. 7 to 7 .5 log CFU/hand, and E. coli was not detected. Surface microbial counts of total plate counts, 
coliforms, E. coli and S. aureus indicated that knives, cutting boards, vessels and mixing bowls were under 
poor hygienic control. S. aureus was detected from wiping cloths in two operations ranging from 2.4 to 3.6 log 
CFU/g. 'l'he levels of microbial contamination in drinking water were within the control limit. Results indicate 
that environmental cross contamination could be risk factor in controlling microbial hazard. In order to 
improve the microbial safety for school foodservice operations, more effective monitoring procedures and 
managerial control should be applied at critical control points. 

P3-30 Efficacy of Sterilox Hypochlo1·ous Acid to Disinfect Norovit-us and Bacteriophage MS2 on 
Ceramic 'file and Stainless Steel Surfaces 

GEUNWOO PARK and Mark D. Sobsey, University of North Carolina-Chapel Hill, Dept. of Environ­
mental Sciences and Engineering, School of Public Health, CB# 7431, Chapel Hill, NC 27599-7431, 
USA 

Noroviruses (NVs), a common cause of human gastroenteritis, persist for long periods on environmental 
surfaces, from which they can be transmitted to other people. Despite increased awareness of the inanimate 
surface-mediated spread of NV, effective methods of surface disinfection of the virus have not been docu-

112 - Journal of Food Protection Supplement 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/sp1/1/1678616/0362-028x-68_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

P3-31 
DSC 

P3-32 
DSC 

mented. This study determined the activity of a hypochlorous acid (Sterilox) against NV and coliphage MS2 
(a surrogate for NV) on ceramic tile (porous) and stainless steel (non-porous) carriers as model food production 
and preparation surfaces. Square, 1-inch carrier surfaces were inoculated with NV and MS2, which was allowed 
to dry before applying a thin layer of 188 mg/I, pH 6.3 hypochlorous acid (HOCl) solution for varying contact 
times at room temperature. Surfaces were treated with 0.1% thiosulfate-3% beef extract to neutralize HOC! and 
elute viruses. After 1 min. contact with undiluted Sterilox HOC! or 10 min contact with a 10-fold dilution, both 
viruses were reduced by at least 3 log on both carrier surfaces as detected by RT-PCR. MS2 infectivity reduction 
was 1 log greater than RT-PCR titer reduction, suggesting that NV infectivity reduction is also likely greater than 
the observed RT-PCR titer reduction. Both carriers were similar for NV or MS2 disinfection by Sterilox product. 
These studies indicate that ~200 mg/I HOC! (Sterilox) rapidly disinfects NV on environmental surfaces. 

Potential for Ap1>lication of Rapid Methods to Monitor Sanitation of Food Service Areas 
in Cbild Cm·e Centers 

CATHERINE M. COSBY, P. M. Davidson, W. C. Morris, C. A. Costello, B. Haughton and M. J. 
Devereaux, University of Tennessee, 2605 River Drive, Knoxville, TN 37996-4591, USA 

Young children are one of the most susceptible groups to foodborne illness. The objective of this study 
was to evaluate sanitation of food service areas in child care facilities by use of three rapid assessment tools 
and compare results to those of standard microbiological evaluation methods. The ultimate goal was to deter­
mine if one of the rapid assessment tools could possibly be used by centers to monitor sanitation. Samples 
were taken three times a day, twice per month for eight months in six facilities (n = 288). Three food contact 
surfaces and a diaper changing area were tested. A 50 square cm area was swabbed, using methods designed 
to detect ATP (bioluminescence), protein or carbohydrate. In addition, aerobic plate counts (APC) were done 
for each surface. Mean ATP counts ranged from 2,570 to 5,460 RLU per area for the six centers. Protein and 
carbohydrate swabs were designed to be presence/absence tests; however, results were scored on a 4 point scale 
with 1 = no residue and 4 = strong positive. Ranges of mean scores for areas in the six centers were 1.23 to 1.52 
and 1.58 to 2.04 for the protein and carbohydrate tests, respectively. Mean log APCs for the areas ranged from 
1.32 to 1.96 CFU/area. Correlations were found between the APC and the ATP and protein assays. The findings 
in this study indicate that rapid tests may be useful for the monitoring of sanitation in food contact surfaces in 
child care centers. These tests could assist in improving sanitation and preventing cross-contamination. 

An Investigation into the Efficacy and Acceptability of Two Commercially Available Hand­
cleansing Products to Determine Tbeir Potential Suitablity as an Alternative to Traditional 
Hand-wasbing Metbods 

GORDON HAYBURN and Andrew Clarke, University of Wales Institute-Cardiff, School of Applied 
Sciences, Llandaff Campus, Western Ave., Cardiff, Wales, CFS 2YB, UK 

The hands of food-service workers may become soiled throughout the working day with pathogenic 
microorganisms and to ensure that cross contamination does not occur it is essential that regular and effective 
hand cleansing is performed by food operatives. Hand wipes and gels may be employed as an alternative to the 
traditional hand washing procedure using soap and water. The aim of this investigation was to evaluate two 
commercially available hand cleansing products, determining their efficacy through microbiological testing and 
establishing their acceptability through a series of ranked questions. A range of soils were developed and the 
tests were undertaken under controlled conditions of level of soiling and consistant application and use of the 
gel and hand wipe. The results obtained show that the wipe was more effective both microbiologically and with 
regard to odor and residue level, but were percieved by the participants as less effective at cleansing than the 
gel. These results suggest that both the wipes and gel may have some potential as a substitute for traditional 
soap and water hand washing, particularly in areas where access to wash hand basins may be limited, for 
example in mobile food vending outlents. Both the gel and the wipes were effective against a wide range of 
soiling and showed a statistically significant reduction in the hand microflora of the participants. The results 
that will be discussed include more detail on the types of soil, the effect against specific microorganisms and 
the attitudes of the participants to these products as handwashing substitutes. 

P3-33 Evaluation of Exterior Sanita1·y Garments for Meat Plant Employees 

Gerald Hickey, Jill Bieker, James Marsden, Randall Phebus, Curtis Kastner, Larry Franken, 
and ERIN J. HARVEY, Kansas State University, 139 Call Hall, Manhattan, KS 66506-1600, USA 

The sanitary characteristics of three different frock materials were assessed for growth and absorption 
of generic Escherichia coli (EC), E. coli O 157 :H7, Listeria monocytogenes (LM) and Salmonella spp. Precise 
Systems SP2 disposable frocks made of spun-bond polypropylene and an outer polyethylene layer were tested 
against traditional cotton/polyester frocks widely used in meat processing facilities. The three materials 
[polypropylene (spun-bond), polyethylene (poly) and cotton/polyester] were inoculated with 2.5 to 3.0 log CFU/ 
ml of each bacterial culture. Samples were collected at 0, 1, 2, 4, 6 and 8 h. Results indicated that the cotton/ 
polyester material absorbed and maintained 2.6 to 2.8 log CFU/cm2 generic EC, 3.1 log CFU/cm2 EC O157:H7, 
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1.7 to 2.9 log CFU/cm2 Salmonella spp., and 1.9 to 2.6 log CFU/cm2 LM over the six sampling times. The spun­
bond material absorbed and maintained 1.9 to 2.4 log CFU/cm2 generic EC, 1.8 to 2.8 log CFU/cm2 EC O157:H7, 
2.2 to 2.7 log CFU/cm2 Salmonella spp., and 1.0 to 2.1 log CFU/cm2 LM. The poly material was not absorbent 
but maintained 1.0 to 1.9 log CFU/cm2 generic EC, 1.0 to 2.1 log CFU/cm2 EC O157:H7, 1.1 to 1.9 log CFU/cm2 

Salmonella spp., and 1.0 to 1.2 log CFU/cm2 LM. In most cases, the cotton/polyester absorbed and maintained 
the initial inoculation level throughout the entire 8 h period. The spun-bond was somewhat absorbent but 
contamination levels were slightly lower than cotton/polyester. The polyethylene was non-absorbent and 
performed the best. 

P3-34 Field Assessment of Sanitation Management Practices in School Foodservice Operations 

KYUNG RYU, Tong-Kyung Kwak Yum, Ji-Hyun Lee, Eun-Jung Kim, and Young-Jae Kang, Yonsei Univer­
sity, Dept. of Food and Nutrition, 134 Shinchon-dong, Seodaemun-ku, Seoul, 120-749, 
South Korea 

Effective and systematic sanitation management programs in school foodservice establishments are mostly 
required to prevent foodborne-disease outbreaks. The purposes of this study were to assess sanitation manage­
ment practices implemented under HACCP plan and to provide baseline data for determining critical control 
points. Sanitary management practices were assessed using a food-safety auditing tool developed by Korea 
Ministry of Education & Human Resource Development for school foodservice operations. It consisted of seven 
dimensions and fifty items. The dimensions are sanitation control of facilities and equipment, personal hygiene, 
food materials management, sanitary management in food product flows, environmental sanitation and main­
tenance, HACCP system management, and accident prevention and crisis management. Field assessment was 
conducted at ten school foodservice establishments in Korea during the period of .July in 2004. Descriptive 
statistics were used to analyze data. The average auditing score was 66.9 out of 100. The three highest percent­
ages in compliance were for the dimensions of personal hygiene (80.0%), accident prevention and crisis manage­
ment (77.8%), and sanitary management in food product flows (70.8%). The lowest three percentages in compli­
ance were for the dimensions of food materials management (50%), HACCP system management (50%), and 
sanitation control of facilities and equipment (57.5%). Results can provide guidance for improvement of HACCP 
plan implementation in terms of prerequisite programs as well as HACCP system, including identification of 
potential barriers and needed resources for school foodservice operations. 

P3-35 Evaluation of the DOX System for Hygiene Screening at Real Food Manufacturing Factories 

MEGUMI AKAMATSU, Yuki Nishida, Mariko Utsuno, and Masakazu Yoshida, Daikin Environmental 
Laboratory, LTD., 3 Banchi, Miyukigaoka, Tsukuba-shi, IBARAKI, 3050841, Japan 

The DOX system is a rapid and easy bacterial monitoring system applied to an oxygen electrode in order to 
find out the activity of bacteria with a decreasing concentration of dissolved oxygen. Using the DOX system, we 
have done the fieldwork of total viable cells and the coliform test at real food manufacturing factories since 
2000. By now, over 10,650 kinds of food samples have been tested at 225 factories. The kinds of factories and 
the number of food samples are meat products 1248, marine products 868, agricultural products 1531, ready to 
eat foods 3934, bread 371, flour 360, milk and dairy products 318, sauce and spice 458, cake 827, fat and oil 10, 
and beverage 65. With the results of this fieldwork, meat products, vegetables, marine products and ready-to-eat 
products achieved a satisfactory level of performance in correlation with conventional method. For example, 
the coefficient of correlation of meat products is 0.867 to 0.957 (total bacteria) and 0.852 to 0.969 (coliform). 
Over 85 calibration curves were prepared for each food sample. Some of them were categorized by foodstuff 
or process of the food. The conventional method has some problems such as taking up a lot of time and being 
a complicated operation. However, this system is easy to handle and is able to measure many samples at the 
same time with the fitting calibration curve. The DOX system is available for the first screening test at many 
food manufacturing factories. 

P3-36 Characteristics of Swabbing Solutions and Their Influence u110n the Recovery 
of Microorganisms 

GINNY MOORE and Chris Griffith, University of Wales Institute-Cardiff, Food Research 
and Consultancy Unit, Western Ave., Cardiff, CFS 2YB, UK 

The detection and enumeration of microorganisms remains an important means of assessing the hygienic 
status of a variety of food processing environments. Conventional hygiene swabbing is widely used, yet it has 
acknowledged shortcomings and no one universally accepted protocol. An important step in standardization 
is optimisation. However, in order to improve a system, there must first be a clear understanding as to why 
that system should fail; yet in general, information is currently lacking with regard to variables that affect the 
accuracy of the swabbing technique. The effect that eleven different swabbing solutions, used in isolation and 
in combination with five different swab types, had upon the recoverability of standard bacterial inocula was 
investigated. When stored at room temperature, swabbing solutions containing buffered peptone water, letheen 
broth or maximum recovery diluent significantly increased bacterial numbers over time, many within 6 h. 
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Minimal bacterial growth occurred when cultures were stored at 4 'C and/or when nutrient availability was low. 
Regardless of solution, the number of bacteria recovered from either rayon or cotton swabs was significantly 
lower than from any of the other swab types, despite the latter absorbing a significantly larger volume of 
bacterial suspension. This suggests that in terms of sampling efficiency, the ability of a swab to effectively 
release bacteria into a diluent is more important than its ability to initially absorb or remove the cells from 
a surface. Depending on the swab type used, some solutions did appear to significantly improve bacterial 
recovery, yet some also exhibited anti-clumping properties, which, under certain circumstances, could ad­
versely affect sampling efficiency. While an optimum swabbing solution was identified, the implications of these 
findings will be discussed in relation to the problems associated with microbiological surface sampling meth­
ods. 

Effects of Welding on Attachment of Listeria monocytogenes to Stainless Steel 

TAM L. MAI, Nofrijon I. Sofyan, William F. Gale, and Donald E. Conner, Auburn University, 
260 Lem Morrison Drive, 201 Poultry Science Building, Auburn, AL 36849, USA 

Austenitic stainless steels, widely used in food processing, undergo microstructural changes during 
welding, resulting in 3 distinctive zones: weld, heat affected (I-IAZ), and parent metal. This research was 
conducted to determine attachment of Listeria monocytogenes to weld vs I-IAZ vs parent metal, and the effect 
of corrosion of these 3 zones on bacterial attachment. All experiments were done with tungsten inert gas 
welding of type 304 stainless steel. Welding treatments ( 4) were big or small beads with high or low heat inputs. 
After welding, all surfaces were polished to an equivalent surface finish. A 10 µl droplet of L. monocytogenes 
(107 CFU/ml) in BI-II was placed on tested surfaces (coupons), which were held in saturated humidity for 3 h 
at 23'C, then washed 3 times with 200 ml sterile water for 2 min at 100 rpm. After washing, coupons were 
prepared for scanning electron microscopy (SEM). Using SEM, attachment of L. monocytogenes was deter­
mined by counting cells remaining on each test surface. For each surface treatment, 6 coupons were tested, 
and bacteria were counted in 10 fields of view/coupon. There were no differences (P > 0.05) in numbers of 
bacteria on the 3 surface zones. However, numbers of bacteria on the 3 zones of welds exposed to corrosive 
media were higher (P < 0.05) than those on the corresponding zones of non-corroded surfaces. Among cor­
roded surfaces, bacterial counts on parent metal were lower (P < 0.05) than those on HAZ and weld zones. 
Results indicate that polished stainless steel welds do not lead to differences in bacterial attachment; however, 
corrosion of the different weld zones leads to differential attachment of L. monocytogenes to stainless steel. 

Effect of Nutrients on the Antimicrobial Activity of CopJJer and Brass against Listeria 
monocytogenes 

AISHA ABUSI-IELAIBI and Marlene Janes, Louisiana State University Agricultural Center, 
111 Food Science Bldg., Baton Rouge, LA, 70809, USA 

Our study examined the effect of different nutrient content in modified Welshimer's broth (MWB) on the 
antimicrobial effects of copper and brass against Listeria monocytogenes (Lm). Glucose in MWB (10 g) was 
evaluated at concentrations of 1.0, 10, and 20 g/L. The glucose in MWB was replaced with cellobiose, fructose, 
or mannose, at a concentration of 10 g/L. A decimally diluted overnight culture of Lm (10 µI) was inoculated 
into MWB (10 ml), poured over the surface of copper, brass or Petri dishes (control) and incubated at 37°C. 
Bacterial counts were determined at 0, 24, or 48 h. During this study the Lm control counts ranged from 5.5 
to 6.8 log CFU/ml. Our results showed that if the concentration of glucose in MWB (10 g) was reduced (1 g) or 
increased (20 g) the antimicrobial activity of the copper and brass against Lm was significantly reduced by 1.2 
and 1.8 log CFU/g, respectively. At 24 h Lm grown on copper had bacterial counts of 2.4 log CFU/ml in MWB 
with glucose, 2.9 log CFU/ml in MWB with fructose, 4.1 log CFU/ml in MWB with mannose and 4.3 log CFU/ml 
in MWB with cellobiose, whereas by 48 h all copper treatments were at non-detectable levels. Conversely, by 
48 h Lm grown on brass bacterial counts were at non-detectable levels in MWB with glucose, 2.1 log CFU/ml in 
MWB with mannose, 2.6 log CFU/ml in MWB with cellobiose and 2.9 log CFU/ml in MWB with fructose. Our 
study has shown that the availability of nutrients can affect the antimicrobial activity of copper ions against 
Listeria monocytogenes. 

P3-39 Biofilm Formation by Salmonella SJJJJ. on Cantaloupe Surfaces 

BASSAM A. ANNOUS, Ethan B. Solomon, and Peter I-1. Cooke, USDA-ARS-ERRC, 600 East Mermaid 
Lane, Wyndmoor, PA 19038, USA 

In recent years Salmonella spp. have been implicated in numerous outbreaks linked to fresh produce, 
most notably, cantaloupe melons. Previous research in our laboratory has documented the inability of a variety 
of sanitizing rinses and other treatments to inactivate Salmonella inoculated onto cantaloupes. In addition, the 
efficacy of sanitizers decreased significantly when the organism was allowed to reside on the melon surface for 
more than 24 h. We speculated that increased contact time allowed for the formation of a bacterial biofilm 
prior to sanitation. The entrapment of cells of Salmonella within a biofilm is likely responsible for enhanced 
sanitizer resistance.Therefore, the goal of our research was to demonstrate that cells of Salmonella form 
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biofilms on cantaloupe surfaces. 'l\vo outbreak-related strains of Salmonella were utilized in our study. Ten 
microliters of bacteria were spot-inoculated onto melon rinds in pre-marked areas, and melons were held at 
either 10 or 22°C. Biofilm formation was monitored using scanning electron microscopy (SEM) on excised 
portions of the melon rind at 2, 24, 48, and 144 h post-inoculation. Micrographs indicated that biofilm forma­
tion occurred rapidly following introduction of cells onto the melon surface. Fibrillar material was visible after 
just two h of inoculation, and cells were embedded in extracellular polymeric material within 24 h of storage 
at either temperature, These results indicate that Salmonella spp, are capable of rapidly forming biofilms on 
cantaloupe tissue and that biofilm formation could be the reason for the increased recalcitrance of attached 
bacteria to aqueous sanitizers. 

P3-40 In Situ Biofilms Associated with Bakel''s Yeast Pl'ocessing Equi1>ment 

P3-41 
DSC 

S. S. O'Brien, D. Lindsay and A. VON HOLY, University of the Witswatersrand, School of Molecular 
and Cell Biology, Private Bag 3, Wits, 2050, South Africa 

This study assessed equipment surfaces associated with the commercial production of Baker's yeast for 
the presence of microbial biofilms. During three replicate surveys of a yeast manufacturing plant, eight sterile 
stainless steel 'mock' surfaces ( 4 cm2) were aseptically attached to each of five equipment surfaces. Duplicate 
surfaces were sampled from each site after 7, 14, 21 and 28 days of production. One of these surfaces was 
prepared for bacteriological analysis, the other for scanning electron microscopy. After 7 days, all surfaces 
showed attachment of B>nterococcus and aerobic bacteria (2 to 3 log CFU/cm2) and Saccharomyces cerevisiae 
( 4 to 5 log CFU/cm2), with Escherichia coli and coliform counts below the lower detection limit ( < 0, 7 log CFU/ 
cm2

). Counts of attached microorganisms on processing equipment which was easily accessible for cleaning 
remained fairly constant over 28 days, compared to processing equipment which was less accessible for 
cleaning, showing progressive increases in coliform counts after 14 days (2 log CFU/cm2

) and Enterococcus 
or aerobic bacterial counts after 21 days (3 to 4 log CFU/cm2

). During this study, the number of attached yeast 
cells did not exceed 5 log CFU/cm2

• Scanning electron micrographs confirmed the presence of attached rod­
and coccoid-shaped bacteria, and early bacterial biofilm formation incorporating the production of extracellu­
lar polymeric substances. This study highlighted the need for efficient cleaning practices in inaccessible areas 
which could otherwise result in the build-up of yeast product harboring biofilms of spoilage or potentially 
pathogenic bacteria. 

Biofibn Fol'mation by Enterococcus faecalis and Saccliaromyces cerevisiae on Stainless Steel 
and Polyurethane Surfaces 

C. CHRISTISON, D. Lindsay and A. von Holy, University of the Witswatersrand, School of Molecular 
and Cell Biology, Private Bag 3, Wits, 2050, South Africa 

This in vitro study investigated biofilm formation by B>nterococcus (E.)faecalis ATCC 29212 and Saccha­
romyces (S.) cerevisiae on stainless steel (304 L) and/or polyurethane surfaces. Test surfaces (4 cm2) were 
sampled from inoculated flasks containing Tryptone Soya Broth (30°C, 100 rpm) after 2, 4, 8, 24 and 48 h; 
attached cells were dislodged, plated and counted by standard methods. Further surfaces were prepared for 
Scanning Electron Microscopy (SEM) by standard methods or stained with the BacLight Bacterial Viability 
KitTM for Confocal Scanning Laser Microscopy (CSLM). Scanning electron micrographs and counts of single 
species E . .faecalis biofilms showed cell attachment to both surface types within 2 h, microcolony formation 
within 8 h and complex biofilm formation within 24 to 48 h. Similarly counts showed S. cerevisiae cell attach­
ment to both surface types within 2 h, reaching a maximum of ca 4 log after 48 h. Mature single species 
S. cerevisiae biofilms were not observed on both surface types by SEM. Higher counts of S. cerevisiae on 
polyurethane, compared to stainless steel surfaces, suggested that different surface types influenced S. cere­
visiae attachment. Counts of E. faecalis and S. cerevisiae in binary species biofilms were generally not signi­
ficantly different (P > 0.01) from counts of the corresponding single species biofilms on both surface types. 
SEM images confirmed the presence of binary species biofilms on both surface types and CSLM revealed that 
both species were viable. This is the first in vitro study showing mixed biofilm formation of E. Jaecalis and 
S. cerevisiae. Practically, biofilm formation of Enterococcus spp. on yeast processing equipment surfaces 
may create in situ contamination reservoirs in yeast processing plants. 

P3-42 Gage R&R Study Com1>al'ison of Variability in 1\vo Measul'ement Systems, 3M™ Petrifilm'M 
Plate Readel's and Tt·ained Technicians, to Enumerate Counts below Plate Count Ranges 
DEANN L. BENESH and Michael E. Hughes, 3M Microbiology, 3M Center, Bldg. 260-6B-01, 
St. Paul, MN 55144-1000, USA 

Accurate enumeration and reporting of microbial results is important in the food industry. The 3M'" 
Petrifilm'" Plate Reader is a compact computerized image analyzer designed and validated to accurately read 
and report microbial results within the counting ranges of three validated methods: 3M'" Petrifilm'" Aerobic, 
Coliform and E. coli/Coliform Count Plate methods. Increased demands for safe food have led many food 
processors to set product specifications at sensitivities below the validated counting ranges of approved 
methods. In this study, Petrifilm Coliform and E. coli/Coliform Count plates were inoculated with pure strains 
of coliform organisms, including Escherichia coli, at levels below the validated counting ranges of these 

116- Journal of Food Protection Supplement 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/sp1/1/1678616/0362-028x-68_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

P3-43 
DSC 

P3-44 
DSC 

methods. Three Petrifilm Plate Readers and three trained technicians counted four replicates of 33 Petrlfilm 
Coliform plates and four replicates of 33 Petrifilm E. coli/Coliform plates. A Gage R&R (Repeatability and 
Reproducibility) study was used to demonstrate variation due to each of the measurement systems used: 
enumeration of Petrifilm Plates by humans, and enumeration of Petrifilm Plates by the Petrifilm Plate Reader. 
Analysis of data following logarithmic transformation showed that counts enumerated by the Petrifilm Plate 
Reader were not statistically different (P > 0.05) from counts enumerated by the trained technicians. The 
difference between the percent of variability due to the measurement systems for enumeration of Petrifilm 
Coliform and E. coli/Coliform plates was no more than 2.03%. Results suggest enumeration of low levels of 
colonies on Petrifilm Coliform and E. coli/Coliform Count plates using the Petrifilm Plate Reader show similar 
variability to enumeration by trained technicians. 

Attachment and Biofilm Forming Abilities of Persistent and Non-persistent Listeria 
monocytogenes Isolates 

ARPAN R. BHAGAT and Joseph F. Frank, University of Georgia, 1907 S. Milledge Ave. # F4, 
Athens, GA 30605-1651, USA 

Certain strains of Listeria monocytogenes were repeatedly isolated from a specific chicken further 
processing plant. The twenty seven isolates were obtained from environmental sites and raw product, of which 
23 were persistent (representing 5 genotypes) and 4 were non-persistent (representing 4 genotypes). The 
objective of the present investigation was to study whether the persistent Listeria monocytogenes isolates 
showed different attachment and biofilm forming ability than the non-persistent isolates. Attachment and 
biofilm forming ability was determined using hydrophilic and hydrophobic microtiter plates. Cell attachment 
studies were carried out in phosphate buffer saline (pl-I: 7.2) and calcium chloride enriched phosphate buffer 
saline (2.2 mmol Ca, pl-I: 6.8) at 25°0 for 2 h. Biofilm formation was determined using tryptic soy broth (TSE) 
and a 1:10 dilution of tryptic soy broth at 25°0 for 24 h. The Listeria isolates showed similar attachment to the 
hydrophilic and hydrophobic microtiter plates when using both attachment media (P < 0.05). However, two 
persistent Listeria genotypes exhibited significantly greater (P < 0.05) biofilm formation than the non-persis­
tent genotypes in both normal and low nutrient media and on hydrophobic and hydrophilic surfaces. Overall, 
maximum biofilm formation was observed when using 1:10 diluted TSE as the medium and a hydrophobic 
surface. The results indicate that higher attachment and biofilm formation may be associated with the cell 
persistence and that significant phenotypic variation occurs within persistent genotypes. 

The Effect of Select Lactic Acid Bacteria on Listeria monocytogenes Scott A Biofilm 
Formation on Stainless Steel as Detected by Impedance Measurement 

KRISHAUN N. CALDWELL and Leonard L. Williams, Alabama A&M University, Dept. of Food and 
Animal Sciences, Food Microbiology and Immunochemistry Laboratory, Normal, AL 35762, USA 

The poultry environment has been shown to be a major source of contamination by Listeria monocyto­
genes. It often takes at least 24 h for the microbial status of a surface to be determined. Studies were under­
taken to devise a more rapid method of detecting surface microbial status. Impedance is a measurement of 
low molecular charged particles that are the result of the breakdown of peptides, carbohydrates and protein. 
Impedance was used to detect the time (h) it takes to detect microbial growth, which is an indicator of micro­
bial contamination. Lactobacillus acidophilus and L. plantarum (LAB) were used in conjunction with 
L. monocytogenes Scott A to determine if the presence of LAB has any effect on the growth of L. monocyto­
genes. All surfaces were inoculated and incubated at 4 or 21 °C with the respective organisms and was detected 
by impedance measurement ( < 10 h). The detection times for biofilms grown at 4° for L. monocytogenes, 
L. monocytognes andL. acidophilus, andL. monocytogenes andL. plantarum were 7.2, 8.2 and 6.4 h respec­
tively. The detection times for biofilms grown at 21° for L. monocytogenes, andL. acidophilus, andL. mono­
cytogenes andL. plantarum were 7.7, 4.4 and 7.3 (h), respectively. Detection by impedance in< 11 his an 
indication that a surface is highly contaminated. The use of impedance as a rapid method by swab samples 
could be used by food processors for the rapid detection of the microbial status of processing equipment, thus 
eliminating the need for plate count methods, which take at least 24 h. 

P3-45 Comparison of Neutralizing Media for Recovery of Listeria monocytogenes from 
Envil'onmental Swabs after Exposure to Sanitizers 

Libin Zhu, Richard Swiech, Sadhana Ravishankar, and MARY LOU TORTORELLO, FDA, 
6502 S. Archer Road, Summit-Argo, IL 60501, USA 

Environmental monitoring is recognized as a key element in controlling Listeria monocytogenes in the 
food processing plant. Swabs taken from production surfaces should be treated to neutralize sanitizers com­
monly used in the plant so that cell viability is preserved. Neutralizers may be incorporated into transport 
media, which are used for shipping environmental swabs to the laboratory. Our objective was to compare 
different neutralizing media for recovery of L. monocytogenes after exposure to sanitizer. Cells were added 
to either hypochlorite or quaternary ammonium compound sanitizer, and after a 1-min exposure, transferred 
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to sponges that had been pre-soaked in one of the following neutralizers: buffered peptone water (BPW), DE 
Neutralizing Broth (DE), Neutralizing Buffer (NB), Letheen Broth (LB) or a proprietary formulation (PF). After 
the sponges had been stored at 4°C or 25°C for up to 72 h, the cells were released by stomaching and then 
plated. The media showed similar recoveries when the sponges were kept at 4°C; however, significant differ­
ences were observed at 25°C. Compared to initial counts, NB showed a decrease of approximately 1 log; BPW, 
DE and LB supported increases of up to 3 logs. PF allowed nearly 100% recovery. For all media, recoveries 
were stable between 24 h and 72 h of storage, The data indicate that neutralizing media may vary in recovery 
efficiency. For pathogen monitoring or detection, it may be appropriate to choose a medium that provides 
maximum recovery. For quantitative risk assessments, a medium that preserves environmental population 
levels may be most appropriate. 

MPN of Listeria monocytogenes in Luncheon Meats by Use of Conventional and Modified 
Dilutions in UVM Broth 

J. I-1. STEVENS, Lei Zhang, Zhinong Yan, Elliot Ryser, and F. A. Draughon, University of Tennessee­
Knoxville, 2605 River Drive, Knoxville, TN 3 7996, USA 

The analysis of larger sample sizes improves recovery by increasing the chance of detection of IAsteria 
monocytogenes in ready-to-eat meats compared to the typical 25 g samples. However, the expense and han­
dling of the volume of enrichment broth involved with conventional dilutions poses problems when a large 
number of samples are being analyzed. The objective of our study was to compare the conventional method 
to a modified initial dilution in UVM enrichment broth in order to determine the effect on most probable 
number (MPN) of L, monocytogenes from ham. Ham samples were spiked with an inoculum of 1.0, 3.0, 4,0, 
and 10.0 CFU/125 g, Each 125 g sample was mixed with UVM enrichment broth using conventional (1:10) and 
modified (1:4 and 1:5) dilutions and then were stomached and blended. UVM was incubated at 30°C for 24 h 
and 0.1 ml was transferred to Fraser broth and incubated for 24 hat 35°C, The MPN was determined according 
to the USDA method. Samples were also screened using the Neogen GeneQuence™ DNA probe. Blackened 
Fraser broth was streaked onto ALOA™ chromogenic agar and MOX plates and incubated for 48 hat 37°C. No 
significant differences were detected in the MPN of the samples with use of either conventional or modified 
dilutions. Typical colonies of L. monocytogenes were recovered on all ALOA'" and MOX plates. Results from 
this study showed that modified dilutions in UVM enrichment broth did not significantly impact recovery of 
low levels of L. monocyto.[Jenes. 

P3-47 Evaluation of the Warnex'M Oampylobacter Real-time PCRAssay 

DANIEL PLANTE, Luc Blanchard, Nancy Dallaire, Alexandre Hebert, Mireille Picard, Isabelle 
Robillard, Diane Valois, and Yvan P. Cote, Warnex Research, 3885 Industrial Blvd., Laval, QC, 
H7L 4S3, Canada 

The objective was to evaluate the performance of a new rapid PCR test assay for the detection of 
Campylobacter jejuni, C. coli and C. lari in foods. A screening of naturally contaminated products as well as 
artificial inoculation experiments were included in the study. The test assay was compared to the ELISA-based 
Diffchamb Transia rapid detection assay. A total of 52 products were screened for natural contamination, 
including 37 samples of poultry and poultry products. The test assay detected 11 contaminated products 
whereas the Transia assay obtained 9 positive results. Artificial inoculation studies were conducted on chicken 
breasts and beef cubes. For each food matrix, two large lots of foods were prepared and inoculated at low (1 to 
10 CFU/25 g) and high (10 to 50 CFU/25 g) levels. Following a 2-day refrigeration period, the inoculated food 
lots were divided into 20 individual 25-g portions and tested with both assays. For chicken breasts, the test 
assay detected 6 and 17 positive samples at the low and high levels, respectively. The Transia assay obtained 
1 and 18 positive samples at the same levels. For beef cubes, the test assay found 6 and 20 positive samples at 
the low and high spiking levels, whereas 4 and 19 samples were found positive with the Transia assay. These 
results indicate that the test assy kit for Campylobacter is sensitive, specific and reliable for the detection of 
C. .fejuni, C. coli and C. lari in raw meats when compared to current methods. 

P3-48 Evaluation of 3M'" Petrifilm™ StaJJh Express Count System for Enumerating Coagulase Positive 
Stapliylococcus 

P. K. Noda, A.R. TASSINARI, B.D.G.M. Franco, M. Landgraf, and M.T. Destro, 3M do Brasil Ltda, 
Rodovia Anhanguera, KM 110, Sumare, Sao Paulo, 13.181-900, Brazil 

Classical methodologies used for enumerating Staphylococcus in food are time consuming, taking up to 
78 h. 3M'" Petrifilm'" Staph Express Count System (STX) is a rapid test that has recently been commercialized 
in order to shorten the time. When using the STX, the population of S. aureus in food samples can be deter­
mined in 22 h because the identification of S. aureus is not based on coagulase production. The objective of 
this study was to evaluate the efficiency of STX on enumerating coagulase positive Staphylococcus in naturally 
contaminated foods samples. 128 food samples were first screened for Staphylococcus by plating dilutions onto 
Baird Parker (BP) agar. Samples showing characteristic colonies were re-sampled and simultaneously plated 
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onto STX plate, according to manufacturer's instructions, and onto BP according to FDA-BAM procedure. The 
results were compared, submitted to variance analysis (P > 0.05) (Minitab™ Release14 Statistical Software) and 
linear regression (Log BP= -0,1545.+ 1,00 Log STX). Amongst the 77 samples with characteristic colonies in 
the screening evaluation, 62 (80%) showed similar results by both methods (P > 0.05) indicating their equiva­
lence (0.951). The number of coagulase positive Staphylococcus was higher in STX than BP for 9 (11.7%) 
samples and was higher in BP than STX for 6 (7.8%) samples. A higher proportion of coagulase negative 
colonies was observed amongst typical colonies isolated from BP (52%) than from STX (13%). No atypical 
colony was coagulase positive in STX. Therefore, STX may be an alternative to the FDA-BAM protocol for 
enumeration of coagulase positive Staphylococcus. 

P3-49 Development of a Bioluminescent ATP Assay of Somatic Cells and Total Bacterial 
Contamination (TBC) in Milk and Other Food SamJJles 

P3-50 
DSC 

DAVID TRUDIL, Natalia Ugarova, Valeri Froundjian, and Evgenia Rainina, New Horizons Diagnostics 
Corp., 9110 Red Branch Road, Columbia, MD 21045, USA 

Various methods are available for the specific identification of bacteria, virus and toxins. Nevertheless, 
there remains a need for an accurate and sensitive method that provides results within min. Adenosine 
Triphosphate (ATP) bioluminescence is widely used in rapid methods for assessment of cleanliness in food 
processing plants, Most methods, however, neither differentiate between bacterial and non-bacterial ATP, nor 
correlate with standard culture methods. Residual chemicals as well as other substances such as fat may cause 
a significant variation in the bioluminescence signal, thereby underestimating or overstating the actual ATP 
signal and consequently affecting the sample disposition. A filtration-based bioluminescence technique, which 
is able to separate bacteria from non-bacterial sources and remove interfering substances, and is thus able to 
detect bacterial ATP, has been developed, The addition of a unique enzyme - detergent (BPN) allowed for the 
processing of milk samples for total bacterial counts (TBC) as well as somatic cells in raw milk. A detection 
limit of 103 CFU/ml within 15 min was demonstrated for TBC in milk. With the addition of a different enzyme -
detergent (BON) and with a 35-min procedure, detection of 104 CFU/ml was seen for ground meat samples. 
Somatic cell detection limits were less than 105, Correlation between culture and ATP measurement has been 
demonstrated to be approximately 96%, The system is hand-held and the reagents are sufficiently stable for 
field analysis, 

Performance of Media for Recovering Stressed Ente1·obacte1· salta$akii Using Spiral Plating 
and Ecometric Techniques 

JOSHUA B. GURTLER and Larry R. Beuchat, University of Georgia, Center for Food Safety, 
Dept. of Food Science and Tech., 1109 Experiment St., Griffin, GA 30223-1797, USA 

Cells of two strains of Enterobacter sakazakii isolated from powdered infant formula (Pif) and two strains 
from infected neonates were exposed to five stress conditions: heat (55°0 for 5 min), freezing (-20°0 for 24 h, 
thawed, frozen again at -20°0 for 2 h, thawed), acidic pH (3.55), alkaline pH (11.25), and desiccation in Pif 
(aw 0,25, 25°C for 30 days). Control and stressed cells were spiral plated on tryptic soy agar supplemented with 
0.1% pyruvate (TSAP), two new fluorogenic agars developed by Leuschner, Baird, Donald, and Cox (LBDC) 
and Oh and Kang (OK), fecal coliform agar (FC), Druggan-Forsythe-Iversen medium (DFI), violet red bile 
glucose agar (VRBG), and Enterobacteriaceae enrichment agar (EE), With the exception of desiccation­
stressed cells, suspensions were also plated on these media and on R & F Enterobacter sakazakii chromogenic 
plating medium (RF), using the ecometric technique. The general order of performance of media for recovering 
control and heat-, freeze-, acid-, and alkaline-stressed cells by spiral plating was TSAP > LBDC > FC > OK 
> VRBG > DFI > EE; the order for recovering desiccated cells was TSAP > LBDC > FC > OK > DFI > VRBG 
> EE. With the ecometric technique, the order was TSAP > LBDC > FC > RF > VRBG > OK > EE > DFL Results 
indicate that differential, selective media vary greatly in supporting resuscitation and colony formation by 
stressed cells of E. sakazakii. The general order of performance of media was similar using spiral plating and 
ecometric techniques. 

P3-51 D-radiation Values of Salmonella DT104 Inoculated in Ground Beef and Pork and 
on Radish Sprouts 

KATHLEEN T. RAJKOWSKI, USDA-ARS-ERRC-FSITRU, 600 E. Mermaid Lane, Wyndmoor, PA 
19038, USA 

Multi-resistant Salmonella Typhimurium DT104 infections have been associated with the consumption 
of ground beef, Since irradiation in the United States is an approved intervention for removal of bacteria from 
ground beef, the rational destruct values were determined for ground beef (83% lean) and the study also 
included determining the D-value with ground pork (90% lean) and radish sprouts. Prior to inoculation with 
a mixture of six Salmonella DT 104 strains, all samples were irradiated to remove the background microflora. 
The D-radiation values were determined by use of a gamma source at 4°0, The D-values for the Salmonella 
DT104 in the ground beef and pork and on the radish sprouts were 0.51, 0.56 and 0.55 kGy, respectively. The 
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D-radiation values for the DT 104 strains are within the reported range for irradiation destruction of other 
Salmonella-contaminated raw meat and produce products. 

P3-52 Predictive Models for the Growth of Bacillus cereus and Stapliylococcus aureus in 
Ready-to-Eat IGmbab in lforea 
SEONG-SIK JIN, Bimal-Kumar Khen, Sang-Do Ha, Chong-Hae Hong, Gyung-Jin Bahk, Keon-Jo Woo, 
and Deog-Hwan Oh, Kangwon National University, School of Biotechnology and Bioengineering, 
Chunchon, Kangwon, Korea 

This study determined the predictive model of the kinetic growth of Listeria monocytogenes, Bacillus 
cereus and Staphylococcus aureus in kimbab, which is a traditional ready-to-eat rice rolled in !aver in Korea at 
different temperature. Results showed B. cereus and S. aureus in kimbab did not grow at below 60'0 and grew 
slowly up to 8 to 100'0, but grew fast above these temperatures. The growth data was well fitted with Gompertz 
equation, and specific growth rate (SGR) and lag time (LT) were obtained using the GraphPad prism program; 
the R2 value obtained from the primary Gompertz model was 0.98. From the SGR and LT value using square 
root equation, a new secondary model was constructed using SAS program. The values of LT and SGR on the 
growth of B. cereus and S. aureus in kimbab were obtained from the developed secondary equation. The 
validation between experimental values and induced values from the new secondary model was conducted 
using statistical indicators, such as mean square error (MSE), bias factor (BF) and accuracy factor (AF). Results 
showed that MSE, BF and AF of SGR for S. aureus were 0.001, 0.995 and 1.06, whereas those of LT were 0.03, 
0.96, and 1.12, the experimental and developed values were highly similar. Similar results was observed for B. 
cereus. These results indicate that the developed secondary model could be used to predict the growth of B. 
cereus and S. aureus in kimbab with enviromental temperature changes. 

P3-53 Growth of Olostridium pei:fringens during Cooling of Bulk Pie Filling 
Rosemary Whyte, J. Andrew Hudson, and CHRISTOPHER GRAHAM, Institute of Environmental 
Science and Research, P. 0. Box 29-181, Christchurch, Canterbury, 8004, New Zealand 

Some pie manufacturers pre-cook fillings in large volumes, allowing them to cool for many hours before 
filling pastry cases prior to final baking. This study was undertaken to evaluate the predicted growth of 
Clostridium per.fringens given time and temperature profiles of cooling bulk pie filling from five bakeries 
located throughout New Zealand. The purpose was to provide information to the New Zealand Baking Industry 
to formulate guidelines for cooling cooked bulk pie fillings. Experimental work was carried out in two parts: 
(1) microbiological testing to assess the numbers of C. perfringens in cooked and cooled bulk pie fillings and 
to compare these with the data for the same filling after final pie baking and cooling; and (2) monitoring the 
time and temperature of cooling to estimate the potential growth of C. per.fringens using a pathogen-modelling 
program. Current cooling methods can allow C. peifringens to grow (three samples tested prior to baking 
showed C. perfringens at 76,000, 9,200 and 24,000 CFU/g), However, no C. perfringens was detected after final 
baking and cooling. Results of temperature monitoring showed that only one bakery achieved the stringent 
cooling standards set by FDA. Given the findings of this study, it ls recommended that cooling of bulk pie filling 
should be an effectively managed control point (i.e., cool to 54.5'0, store under continuous refrigeration until 
used, ensuring product temperature reaches 10'0 within 24 h) and the critical control point is the final baking 
of the pie (must achieve core temperature of 71 to 82'0). 

P3-54 Manage Risks of Olostridium botulinum in Process Cheese Using Machine Learning 
DSC WEI ZHANG and John Norback, University of Wisconsin-Madison, Dept. of Food Science, 

1605 Linden Drive, 2040 Babcock Hall, Madison, WI 53706, USA 
Current modeling strategies in predictive microbiology apply statistical methods to determine model 

parameters. Few studies have investigated machine learning (a computational approach) for making predic­
tions. In machine learning, computational strategies are applied by computer to detect patterns in experimen­
tal data. These patterns are used for predictions.Our goal was to develop novel methods to characterize the 
responses of microorganisms to environmental conditions. Specifically, we investigated toxin production of 
Clostridium botulinum in response to formulation adjustment in process cheese, by use of machine learning. 
Machine learning methods developed here included Bayesian networks, decision tree and artificial neural 
networks. The formulation factors considered included moisture level, pH, cheese type, water activity and 
others. These approaches were compared with statistical models built by logistic regression, and validated by 
experimental data. The results show that the Bayesian network was able to estimate probabilities of toxin 
production for risk analysis. The decision tree effectively evaluated antibotulinal properties of formulation 
factors. The artificial neural network provided necessary accuracy to separate potential hazardous formulations 
from safe formulations. Graphical model interpretations were generated. The coordination of these computa­
tional strategies provided toxin production predictions quickly and economically. The statistical logistic 
regression models failed when large number of formulation factors and their combinations were considered. 
These results suggest that computational methods can assist manufacturers in developing safe process cheese 
formulations. Machine learning can separate safe environmental conditions from potentially hazardous 
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conditions and predict microorganism responses. It can be a new tool in predictive microbiology to assist 
in food microbial safety and quality control. 

P3-55 Identification of Yeasts by Use of Automated Ribosomal Intergenic Spacer Analysis 
JENNIFER HIGGINS, Matthew Dickinson, Helen Meakin, and David Dawson, Campden and 
Chorleywood Food Research Association, Station Road, Chipping Campden, Gloucestershire, 
GLSS 6LD, UK 

Identification of yeasts has historically been achieved using biochemical methods. These are still popular, 
but can be supplemented by ribosomal sequencing: this is more time consuming but useful when there is doubt 
over identification, or where absolute confirmation is required. Here we describe a quick yet accurate method 
that uses DNA fragment analysis to identify yeasts at genus or species level. Intergenic fragment analysis on 
standard agarose gels has been used to discriminate between yeast strains for some years, but we propose the 
use of this technique as an identification tool. DNA from yeasts of known identity isolated from food factories 
or products (soft drink/yogurt) was amplified using PCR primers spanning the variable region between the 5.8S 
and 28S ribosomal genes, i.e., the ITS2. After restriction enzyme digestion with HaeIII, a fluorescent reporter 
on the reverse primer then allowed the fragment lengths to be analysed with a Beckman Coulter CEQ8000. The 
resulting fragment lengths vary because of the variability of the region and were compared to a predictive data­
base of fragment sizes, generated via sequences downloaded from the NCBI website. Proof of principle has been 
achieved and of the 70 yeasts processed, the majority gave fragment sizes very similar to those predicted. 
Preliminary indications are that as the database expands this technique will provide a useful identification tool 
for yeasts relevant to the food industry. 

P3-56 Effect of the Activation Tem1>erature of Zeolite and Bentonite for the Adsorption of Fumonisin 
Bl 

J.E. VIZCARRA-OLVERA, M. 0. Cortez-Rocha, N. V. Parra-Vergara, M. G. Suarez-Jimenez, and R. I. 
Sanchez-Marifiez, Universidad de Sonora, Rosales y Luis Encinas sin, Hermosillo, Sonora, 83000, 
Mexico 

Mycotoxins are toxic chemicals produced by molds growing on food grains and feed. They are a worldwide 
problem. Fusaria are common field fungi that infect most cereal grains. They produce a number of mycotoxins 
which are known to be toxic. Fumonisins are a group of naturally occurring mycotoxins produced by Fusarium 
verticilloides and others and occur worldwide in corn. They cause toxic effects in animals (hepatotoxicity in 
rats, leucoencephalomalacia in equines and pulmonary edema in swine). Several detoxification techniques 
have been used such as nixtamalization, amoniation, and reductive sugars, and recently mycotoxin binders 
have been developed to render them unavailable for absorption by animals. For this reason, in our study 
natural zeolite and bentonite were heat activated (25, 100, 200, 225, 250, 275, 300, 500, 650, and 700'0). 
Acetonitrile-water (1:1) absortion rate was determined. Particle size was evaluated by using a Coulter LS230 
system. A 10 µg fumonisin Bl (FBl) solution was passed through the adsorbents and the percentage of 
adsorbed FBl was quantified according to the HPLC procedure described by Sydenham et al (1996). Tempera­
ture affected the absortion rate for both adsorbents and the particle size was affected only for zeolite. FBl 
adsorption was not affected by heat treatment for both adsorbents. FBl trapped by zeolite and bentonite were 
higher than 90% in all the treatments. These findings indicate that natural zeolite and bentonites can probably 
be used to reduce fumonisin Bl in animal feed. 

P3-57 Determination of Residual Pesticides in Produce According to Distribution Channel 
and Storage 

Younmi Choi, Shinyoung Park, Myung Hwan Kim, Hyean-Wee Kim, and BYONGKI KIM, Dankook 
University, Dept. of Food Engineering, San 29, Anseo-dong, Cheonan, 330-714, Korea 

The appearance of residual pesticide in the perilla leaf, hot pepper, and leek, which are generally eaten raw 
with minimal processing in Korean menu, were monitored in conventional- and modernized markets during 
Spring season in 2004 and their losses following storage at different temperatures ( 4 and 15'0) were analyzed. 
The pesticides which have been detected and/or exceeded MRL (minimum residual level) most often from the 
subject samples in recent years in Korea, such as endosulfan, fenitrothion, cypermetrin, dichlofluanid, 
chlorpyrifos, and procymidon (perilla leaf); chlorpyrifos, endosulfan, procymidone, and dichlofluanid (hot 
pepper); and diazinon and endosulfan (leek), were subjected to analysis. In all samples, the residues of pesti­
cides were below the MRL as established by the Korean government. No significant differences in the contents 
of residual pesticides were noted according to the market type. The residual pesticides in the leeks disappeared 
rather easily during storage for seven days showing 15.8~40.6% (endosulfan a+B, 15 and 4'C) to 19.8~33.1% 
( chlorpyrifos, 15 and 4 'C) of the residual rate by indicating the faster disappearance of the chemicals at higher 
temperature. However, even the same pesticide, endosulfan a+B, showed very wide range of residual rates from 
15.8% and (leek, 15'0) to 100.0% (peri!la leaf, 15'0) depending upon the physiological condition of the pro­
duces. The most destruction of the pesticide took place during initial three days of the storage regardless of 
temperatures, while the changes have stagnated thereafter. 
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P4-01 Prevalence of Food home Pathogens in Human Feces, Retail Meat, and Animal Intestines 
in Mexico 

MUSSARET ZAIDI, Juan Galva, Jesus Contreras, Gloria Figueroa, Estela Lopez, Martin Magafia, 
Lorena Noriega, Gabriela Vazquez, Marcia Headrick, and Linda Tollefson, Hospital General O'I-Ioran, 
Av. Itzaes x Jacinto Canek, Merida, Yucatan, 97000, Mexico 

A network for foodborne pathogens was established in Mexico in collaboration with the U.S. FDA Center 
for Veterinary Medicine in 2002. Human feces, retail meat and food-animal intestines were obtained through 
active statewide surveillance. Laboratory methods for isolation, identification, antimicrobial susceptibility 
testing, and serotyping of Salmonella were performed according to internationally accepted methods. During 
2004, the prevalence of Salmonella in chicken, swine and bovine intestine and retail meat samples was 21.5% 
and 16.8%; 44.4% and 28.2%; and 19.3% and 28.2%, respectively. For Campylobacter, recovery from these 
sources was 87% and 43.8%; 67.3% and 6.8%; and 22.8% and 1.6%, respectively. Salmonella and Campylobacter 
were recovered in 9.6% and 4.1%, respectively, of humans with diarrhea, and in 3.8% and 3.2%, respectively, 
of asymptomatic humans. Ciprofloxacin-resistantEscherichia coli was highest in chicken (39.2%), and lowest 
in bovine intestines (3.5%); prevalence in humans was 20%. In Salmonella isolates, ceftriaxone resistance was 
highest in humans (15.9%), followed by swine (5.2%), chicken (3.8%) and bovines (2.8%). Nalidixic acid 
resistance in chicken (29.3%), swine (21.7%), bovines (16.5%) and humans (15.9%) has increased, and cipro­
floxacin resistance emerged in chicken (0.6%) and swine (1.6%). Campylobacter jejuni presented high resis­
tance to ciprofloxacin in humans ( 43.2%) and chicken (94.3%). Conclusions: There is a high prevalence of 
foodborne pathogens in food animals and retail meats from Mexico. In humans, both symptomatic and asymp­
tomatic infections are common. Antimicrobial resistance to clinically valuable antibiotics is progressively 
increasing. Urgent measures are needed to stop this trend. 

P4-02 Rapid Detection of Salmonella Enteritidis by Quantum Dot Biolaheling Coupled 
with Immunomagnetic Separation 

KWANG Y. SONG, Kun I-I. Seo, Grace Thammasuvimol, and Robert E. Brackett, University 
of Maryland, Joint Institute for Food Safety and Applied Nutrition, 0220 Sympons Hall, 
College Park, MD 207 40, USA 

Colloidal semiconductor CdSe-ZnS core-shell nanocrystal quantum dots (Qdot) are luminescent inorganic 
fluorophores that have the potential to overcome some of the functional limitations encountered by organic 
dyes in fluorescence labeling application. Salmonella Enteritidis emerged as a major cause of human salmonel­
losis worldwide from the 1980s through 1990s and remains an important serovar. A rapid, specific, and 
sensitive method for the detection of Salmonella Enteritidis was developed using Qdot as a fluorescence 
marker coupled with immunomagnetic separation. Magnetic beads coated with anti-Salmonella Enteritidis 
antibodies were employed to selectively capture the target bacteria and biotin-conjugated anti-Salmonella 
antibodies were added to form sandwich immunocomplexes. After magnetic separation, the immunocomplexes 
were labeled with Qdot via biotin-streptavidin conjugation. This was followed by a fluorescence measurement 
using a RF-5301 PC fluorometer. The detection limit in Qdot method was 103 CFU/ml for the cell concentration 
of Salmonella Enteritidis, while the FITC-based method required over 105 CFU/ml. The total detection time 
was within 2 h. In addition to the nanotechnology developments, the results could play a role in the new rapid 
detection of various pathogenic bacteria. 

P4-03 Methods for the Detection of Salmonella spp. in Animal Feed Ingredients and Finished Feed 

JAYNE STRATTON, Harshavardhan Thippareddi, and Tim Herrman, University of Nebraska-Lincoln, 
Food Science Dept., 143 Filley Hall, Lincoln, NE 68583-0919, USA 

Animal feed contamination with human pathogens such as Salmonella has been recognized as a contribut­
ing factor in colonization of animals and subsequent carcass contamination during slaughter. Attempts to 
reduce and/or eliminate microbial safety hazards from animal foods should include interventions at both pre­
and post-harvest stages of food production. Use of rapid, accurate methods for detection of pathogens is 
required to minimize colonization of animals with foodborne pathogens such as Salmonella. Traditional FDA­
BAM method was compared with an immunomagnetic separation (IMS) method for detection of Salmonella 
spp. in animal feed ingredients and finished feed. In addition, a lateral flow enzyme immunoassay (EIA, Neogen 
Reveal), along with isolation on XLT4 agar from pre-enrichment broth, was used for Salmonella spp. screening. 
A total of 3875 samples of feed ingredients and finished feed were tested over 2 years from various Midwestern 
feed mills. Samples included whole grains, grain meal, meat/bone meal and feed collected at different stages 
of processing. Salmonella spp. prevalence in animal feed and feed ingredients was 3. 7 and 2.3%, using IMS and 
BAM methods, respectively. Salmonella prevalence was greatest in meat and bone meal (32% positive). Use 
of EIA methods may not be practical for screening animal protein based feed ingredients as they may contain 
non-viable Salmonella spp. cells, resulting in greater false positive test results. Overall prevalence of Salmo­
nella spp. in finished animal feed was 3.2%, indicating that either their levels are reduced due to dilution or 
that animal feed processing steps were sufficient to destroy the pathogen. 
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P4-04 Dissemination of Salmonella SJJ. in the Swine Production Chain 
Luciano Bersot, Suell A. Fernandes, Mariza Landgraf, Bernadette Franco, MARIA-TERESA DESTRO, 
University of Sao Paulo, Av. Prof. Lineu Prestes, 580 BL14, Sao Paulo, 05508-900, Brazil 

Brazil is the fourth largest pork meat producer in the world, with 2.8 thousand ton produced in 2003, and 
industrial pork meat production is an economically important activity in Southern Brazil. Intensively rearing 
swine units are divided in 2 areas: piglet production unit (PPU) where 21-day weaners stay up to 40 days, and 
growing and finishing unit (GFU) where animals stay until sent to the slaughterhouse (approx. 14 wks). The 
objective of this trial was to determine the possible Salmonella sources in industrial pork meat production. 
1\vo lots of animals were followed for approx. 155 days from their transfer to the PPU to the slaughterhouse. 
'l\venty nine sampling points (environment, feces, feed, water, equipments, carcasses) were monitored using 
the Assurance Gold Salmonella EIA (BioControl) and the conventional cultural procedure. Salmonella was 
isolated from feces, feed leftovers, floor of the breeding pens, and from drinking water at the production site. 
In the abattoir, Salmonella was isolated from feces collected at the holding pens, mesenteric lymphonodi, pork 
jowl, carcasses after evisceration, residual carcass washing water, and from the inspection table. The serotypes 
most frequently found were Mbandaka and Derby (12 and 11 isolates, respectively), followed by Typhimurium 
(7), Agona (3), Panama (2) and Give, Worthington, Meleagrides and S. enterica subsp. enterica 4,5,12:i 
(1 each). One rough S. enterica subsp. enterica isolate was also found. Up to now, no correlation between the 
serotypes found in the breeding pen and those from the abattoir could be found. 

P4-05 Enhancement of Salmonella Enteritidis Isolation from Shell Eggs by Use of Fel'roxiamine E 
IRIS E. VALENTIN-BON, Kun-Ho Seo, and Robert E. Brackett, FDA-CFSAN-DI-II-IS-PHS, 5100 Paint 
Branch Pkwy, Room 4E015, I-IFS-302, College Park, MD 20740, USA 

The effect of iron supplementation on the recovery of Salmonella Enteritidis (SE) in white large shell eggs 
by use of Ferroxiamine E (FE) was determined. It was then evaluated using a direct plating method and 
enrichment methods. 1\vo bulk lots of blended, pooled eggs were thoroughly mixed manually and artificially 
contaminated with SE (0.1 CFU/ml). 1\venty samples containing 500 ml of liquid eggs were withdrawn from 
each of the inoculated bulk lots. One set of twenty samples was supplemented with FE to make a final concen­
tration of 200 ng/g of egg and incubated for 24 h at room temperature. The other set of twenty samples was 
mixed only with sterile distilled water as a control and incubated. For the direct plating method, each sample 
was cultured by direct plating onto brilliant green (BG), xylose lysine desoxycholate (XLD), and xylose lysine 
agar Tergitol 4 (XLT4). For the enrichment methods, 25-g portions from each pool were enriched in modified 
tryptic soy broth (FeSO4, 30 mg/L). After 24 h of incubation, the preenrichment samples were subcultured 
to tetrathionate and Rappaport-Vassiliadis selective broths, and streaked to the agar plates. SE was confirmed 
biochemically and serologically. At 25'C, SE concentrations in FE-supplemented egg pools reached 105 CFU/ml 
by 24 h. From a total of 40 pools of eggs analyzed, all supplemented or unsupplemented samples were positive 
(100%) when enrichment steps were combined. However, with direct plating, 15 out 20 (75%) FE-supplemented 
samples were positive for SE while 4 out of 20 samples (20%) were positive. These results demonstrated the 
potential use of Ferroxiamine E to detect low numbers of SE in eggs without enrichment steps in less than two 
days. 

P4-06 Detection of Salmonella Entel'itidis in Incubated Pools of Shell Eggs Supplemented with 
Ferrioxamine E by Lateral Flow Test m.t 

KUN-HO SEO, Grace Thammasuvimol, and Kwang-Yong Song, FDA-CFSAN-OPDF, 5100 Paint Branch 
Pkwy., I-IFS-300, College Park, MD 20740, USA 

Shell eggs and egg products have been associated with many foodborne outbreaks caused by Salmonella 
Enteritidis (SE). A rapid and simple method for detecting SE from poultry samples is critical for the effective 
implementation of such testing strategies. However, rapid methods have been reported to consistently detect 
SE in egg pools only at levels of >107 CFU/ml. Therefore, sample preparation for the rapid methods is critical 
to detect low numbers of SE cells in eggs. In the present study, an optimum incubation method was determined 
for the promotion of the multiplication of small initial numbers of SE to permit efficient detection of SE with a 
rapid lateral flow test kit. The lateral flow device for the detection of SE utilized in this study was manufactured 
by Neogen, Lansing, MI. A series of iron supplementations using ferrioxamine E and ferric sulfate were con­
ducted to optimize the test procedure for raw eggs in combination with different incubation temperatures 
(25, 37, and 42'C). Detection of SE was 100% only in FE-supplemented raw egg pools inoculated with 10 SE 
cells per pool of 10 eggs when combined with an enrichment step at a 1:10 ratio in mTSB for 24 hat 37 or 
42°C. The lateral flow test kit could provide a simple, rapid, and inexpensive method for egg producers and 
processors to test specifically for Salmonella group Dl serovars, such as SE, in egg samples. 
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P4-07 

DSC 

Incidence of Salmonella spp. on P1·ocessed Poult1-y 
MARYAM TAABODI, Tom Oscar, Jurgen Schwarz, and Salina Parveen, University of Maryland Eastern 
Shore, Food Science and Tech. Program, 2112 Center for Food Science and Tech., Princess Anne, 
MD 21853, USA 

Several investigators reported the incidence of Salmonella spp. in processed poultry and poultry products. 
However, little research has been conducted on the effect of the chilling process on the incidence of Salmo­
nella spp. in chicken. The objective of this study was to determine the effect of the chilling process on the 
incidence of Salmonella spp. contamination. A total of 240 pre- and post-chill whole broiler carcasses were 
collected from a poultry processing plant during July through December, 2004. Water samples were collected 
at the entrance and exit of the chiller. Temperature, pH, total and free chlorine were measured in the water 
samples. Carcasses were pre-enriched overnight by the whole carcass enrichment method. Pre-enriched 
samples were screened for Salmonella spp. by use of the BAX-PCR system. Samples positive for Salmonella by 
the BAX-PCR system were confirmed by cultural methods and serology. Water samples were enriched overnight 
and analyzed by the above mentioned methods. Ninety two percent of pre-chill and 93% of post-chill carcass 
samples were positive for Salmonella spp. A greater incidence of Salmonella was observed in pre-chill than 
post-chill carcasses only in August. All water samples collected at the exit of the chiller were positive for 
Salmonella. No Salmonella was detected in water samples collected at the entrance of the chiller. There was 
no correlation between presence of Salmonella on post-chill carcasses and the levels of free and total chlorine 
in chiller water. These results indicate that the chilling process did not have a significant effect on the inci­
dence of Salmonella spp. 

P4-08 Bioty1>es and Serotypes of Campylobactei· spp. Isolated from Broilers in Trinidad 
DSC SHELLY RODRIGO, Abiodun Adesiyun, Zinora Asgarali, and William Swanston, University of the 

West Indies, School of Veterinary Medicine, Faculty of Medical Sciences, St. Augustine, Trinidad 
and Tobago 

A study was undertaken to determine the biotypes of Campylobacter jejuni and C. coli and the serotypes 
of C. jejuni present in broilers from selected small retail processors in six counties in 'l'rinidad. A total of 1424 
Campylobacter isolates consisting of 743 (52.2%) and 681 (47.8%) of C. jejuni and C. coli respectively were 
biotyped using the Lior scheme. Fifty-two C. jejuni isolates randomly selected from all sources were serotyped 
using 25 Penner heat-stable antisera (Denlm Seiken Co. Ltd., Japan) by the passive hemagglutination method. 
Amongst C. jejuni isolates, 634 (85.3%) and 109 (14. 7%) belonged to biotype I and II respectively, compared 
with C. coli isolates, of which 57 4 (84.3%) were grouped as biotype I and 107 (15. 7%) were biotype II. The 
frequency of both biotypes amongst C. jejuni and C. coli was statistically significant (P < 0.05; +2). Of the 52 
isolates of C. jejuni, 48 (92.3%) were typable. Twenty-nine (55.8%) isolates reacted with only one antiserum 
while 19 (36.5%) cross-reacted with at least two antisera. Overall, 19 serotypes were identified with 6 of these 
occurring in cross-reactions. The predominant serotype Penner HS31 accounted for 19.2% of the isolates 
tested, while Penner HS2, the predominant serotype recovered from clinical cases worldwide, accounted for 
5.8%. The biotypes detected in Campylobacter isolates from chickens are similar to those earlier reported from 
other livestock in Trinidad but this is the first documentation of serotypes of C. jejuni from any source in the 
country. 

P4-09 The USDA-FSIS Intensified Verification Testing Program for Listeria monocyto{lenes: 
Ready-to-Eat Product, Food-contact, and Environmental Sampling Results 
KRISTINA BARLOW, Nisha Oatman, and Victor Cook, USDA-FSIS, Room 344 Aerospace Center, 
1400 Independence Ave., SW, Washington, D.C. 20250-3700, USA 

The Intensified Verification Testing (IVT) Program was developed by USDA-FSIS to support regulatory 
programs for control of Listeria monocytogenes in ready-to-eat (RTE) products. Under the IVT program, RTE 
product, food-contact, and environmental samples are collected from establishments with ongoing£. mono­
cytogenes contamination and/or repeated sanitation problems. From the start of the program in December 
2002 to November 2004, 70/1238 samples from 31 establishments tested positive: 2.9% (8/278) of product, 
3.6 % (14/393) of food-contact, and 8.5% ( 48/567) of environmental samples. The 8 positive product samples 
were: sliced (6), chopped and formed (1), and multi-component product (1). The 14 positive food-contact 
samples were from: conveyer belts (5), tables (3) and other areas (6). The 48 positive environmental samples 
were from: drains (17), wheels (7), floors (7), and other areas (17). There were positive IVT samples in 21 out 
of 31 establishments sampled. Nine establishments had positive sample results in more than one sample 
category: 5 establishments had positive environmental and food-contact results, 1 establishment had positive 
environmental and product results, and 3 establishments had positive product, food-contact, and environmen­
tal results. If a product or food-contact sample tests positive, regulatory action is taken. Results from the IVT 
program can be used to identify sites of contamination, focus resources on establishments with L. monocyto­
genes harborage, and remove adulterated product from the marketplace, thereby helping to protect public 
health. 
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P4-10 
DSC 

Inhibition of Listeria monocytogenes in Processed Meat and Poultry by Combinations 

of Sorbate, Benzoate, and Propionate 

DAWN PRESTON, Jeffrey Vessenmeyer, Eric Johnson, and Kathleen Glass, University of Wisconsin­

Madison, Food Research Institute, 1925 Willow Drive, Madison, WI 53706, USA 

The control of Listeria monocytogenes (LM) by use of combinations of food-approved antimicrobials was 

evaluated in processed poultry and meat products. Preliminary research suggested that >0.1% total potassium 

sorbate, propionic acid, or benzoic acid, alone or in combinations, prevented the growth of LM in turkey and 

wiener slurries when stored at 4°C and l0°C for 4 weeks. This study further evaluated their combined anti­

listerial effect in uncured turkey and cured beef-pork bologna manufactured with 156 ppm sodium nitrite. 

Three treatments of both turkey and beef-pork bologna products were formulated using the "Least Cost 

Formulation" program. Treatments included 1) control with no antimycotics, 2) combination of 0.05% sodium 

benzoate and 0.05% sodium propionate, 3) combination of 0.05% sodium benzoate and 0.05% potassium 

sorbate. Ingredients were mixed, stuffed into fibrous, moisture-impermeable casings, cooked to an internal 

temperature of 73. 9°C, chilled, and sliced. The final product was surface-inoculated with LM ( 4-log CFU/ 

package), vacuum-packaged and stored at 4°C for 91 days. The antimycotic addition to uncured turkey 

Treatments 2 and 3 initially decreased the rate of LM growth for 1 week, but LM grew >5-logs by 42 days. In 

contrast, the addition of antimycotic combinations in the cured bologna prevented growth of LM for 91 days at 

4'C, compared with >3.5-log increase in listerial populations in the control bologna without antimicrobials. 

These data suggest that antimycotic agents can prevent LM growth in cured process meats. Additional research 

is needed to determine levels needed to prevent growth of LM in uncured poultry and for USDA approval for 

use in formulations. 

P4-ll Fate of Listeria monocytogenes in Ham Treated with an Acid Di1> and Subsequently Used as an 

Ingredient in Ham Salad 

CHENG-AN HWANG, ERRC-ARS-USDA, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA 

In a mayonnaise-based ham salad, ham is more likely than mayonnaise to introduce Listeria monocyto­

genes into the product. The objective of this study was to evaluate a surface acid treatment for L. mono­

cytogenes-contaminated ham to prevent the possible growth of this pathogen in ham salad during storage at 

refrigerated and abuse temperatures. Pieces of cooked ham were surface inoculated with an 8-strain mixture of 

L. monocytogenes, and then dipped in sterile water containing 0% (control), 0.3%, 0.6%, 0.8% and 1.25% acetic 

acid for 30 s. The ham was then mixed with mayonnaise and stored at 4, 8, or 12'C. The initial cell counts of 

L. monocytogenes in ham salad were 2.0 to 3.0 log CFU/g. The counts increased 5.0 log CFU/g in the control 

after 3 days of storage at 12°C, 5 days at 8°C, and 13 days at 4°C. In salads that supported the growth of 

L. monocytogenes, an increase of 1.0 log CFU/g and 2.0 log CFU/g after 21 days at 8 and 12°C, respectively, 

were observed in salads containing ham treated with 0.3% acetic acid, and an increase of 1.0 log CFU/g in 

salad containing ham treated with 0.6% acid after 21 days at 12°C. Regardless of the storage temperature, 

L. monocytogenes was unable to grow in salads containing ham treated with 0.8% or 1.25% acid after 21 days. 

Results indicate that an acetic acid (=0.8%) dip treatment has potential in treating ham used in salad prepara­

tion to reduce the concerns of L. monocytogenes growth in ham salad. 

P4-12 The Identification of an Escherichia coli 0157:H7 Meat Processing Indicator for Fresh Meat 

through the Comparison of the Effects of Selected Antimicrobial Interventions 

K. M. Marshall, S. E. Niebuhr, G. R. Acuff, and J. S. DICKSON, Iowa State University, 215F Meat 

Laboratory, Ames, IA 50011, USA 

Pre rigor lean and adipose beef carcass tissue was artificially contaminated with stationary phase cultures 

of five generic Escherichia coli beef cattle isolates or a composite culture of five E. coli 0157 :H7 strains 

suspended in a fecal inoculum. Each tissue sample was processed with one of the following antimicrobial 

interventions: 90°C water; 90°C water followed by 55'C, 2% lactic acid; 90°C water followed by 20°C, 2% lactic 

acid; 20°C water followed by 20°C, 2% lactic acid; 20'C water followed by 20°C, 20 ppm chlorine; or 20°C water 

followed by 20°C, 10% trisodium phosphate. The ability of the generic E. coli isolates to predict the response 

of E. coli O157:H7 was found to be dependent upon the microbial intervention. For all microbial intervention 

methods applied, irrespective of tissue type, the mean log reductions of at least two E. coli isolates were not 

significantly different (P > 0.05) from the mean log reduction of the E. coli 0157:1-17 composite culture. Due 

to the frequent employment of multiple microbial intervention methods in industry, it is unlikely that a single 

isolate can realistically represent the effectiveness of all microbial interventions on E. coli 0157 :I-17. Thus, the 

use of a combination of E. coli isolates evaluated here may be required to accurately predict the effectiveness 

of the total microbial interventions on the reduction of E. coli O157:I-17 from beef carcass tissue. 
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P4-l3 Validation of 1ime and Temperature Values as Critical Limits for Ground Beef Processing 
and Storage - Escherichia coli Ol57:H7 
JASON MANN and Mindy Brashears, Texas Tech University, 205 Food Tech. Bldg., Box 42141, 
Lubbock, TX 79409, USA 

In order to provide beef processors with valuable data to validate critical limits set for temperature during 
grinding, a study was conducted to determine Escherichia coli 0157:1-17 growth at various temperatures in raw 
ground beef. Ground beef samples were inoculated with a cocktail mixture of streptomycin-resistantE. coli 
O157:I-17 to facilitate recovery in the presence of background flora. Samples were held at 4.4'C, 7.2°C, lO'C and 
room temperature (22.2'C to 23.3'C) to mimic typical processing and holding temperatures observed in meat 
processing environments. E. coli O157:l-!7 counts were measured, on TSA with streptomycin (1000 µg/ml), at 
2 h intervals over 12 h for samples held at room temperature. Samples held under refrigeration temperatures 
were sampled at 4, 8, 12, 24, 48 and 72 h. Less than one log of E.coli 0157:1-17 growth was observed at 24 h for 
samples held at lO'C, Samples held at 4.4'C and 7.2'C showed less than one log of E. coli 0157:1-17 growth at 72 
h. Samples held at room temperature showed no significant increase in E.coli O157:I-17 counts for the first 4 h. 
These results illustrate that meat processors can utilize a variety of time and temperature combinations as 
critical limits to minimize E. coli O157:I-17 growth during the production and storage of ground beef. 

P4-14 Com1Jarison of Indicators of Hygienic Meat Processing 
IAN JENSON, David Jordan, Stephen Morris, David Phillips, and John Sumner, Meat and Livestock 
Australia, Locked Bag 991, North Sydney, NSW, 2059, Australia 

Various indicator organisms have been used for monitoring the hygienic processing of animal carcasses. 
Total Viable Count (TVC), Escherichia coli and Enterobacteriaceae are among the most widely favored. The 
choice of indicator organism has been generally a national or geographic preference rather than being based 
on utility. For example, monitoring for regulatory purposes is often conducted using E. coli as an indicator. The 
value of this organism as an indicator decreases when it is rarely isolated, usually at very low concentrations. 
During a large survey of beef carcasses in Australia (550 samples), comparisons between TVC, Enterobacteri­
aceae, coliform and E. coli counts from identical samples were made. There was a high degree of correlation 
(r = 0.91) between coliform and Enterobacteriaceae counts, and less than 10% of samples were positive for 
Enterobacteriaceae but negative for coliforms. The correlation between E. coli and coliforms and between 
E. coli and Enterobacteriaceae was less strong (r = 0. 76 and 0.69 respectively). Enterobacteriaceae or 
coliforms were present in 17% of those samples negative for E. coli. Amongst samples in which both species/ 
groups were enumerated ( 40 positive for both E. coli and coliforms and 39 positive for both E. coli and Entero­
bacteriaceae) the correlation improved slightly (r = 0.79 and 0.80 respectively). These data indicate that while 
coliforms or Enterobacteriaceae may appear to be more sensitive indicators of hygienic processing, the 
correlation between E. coli and the other enteric indicators is only moderate. Each indicator organism provides 
information relevant to various industry stakeholders (processors, regulators and consumers). 

P4-15 Genetic Diversity of Pseudomonas S}Jp, Isolated from Retail Dis1Jlayed Beef 
MUEEN ASLAM and Cara Landers, Agriculture and Agri-Food Canada, 6000 C & E Trail, 
Lacombe, AB, T4L lWl, Canada 

The objective of this study was to genetically characterize Pseudomonas, isolated from beef, using the 
Random Amplification of Polymorphic DNA (RAPD) method. Beef loins were purchased from a local supermar­
ket and steaks were cut under aseptic conditions in the laboratory. The steaks were displayed under simulated 
retail conditions at 4'C. Pseudomonads were recovered from loins on day O and from steaks on day 0, 2, 4, 6, 8 
and 10 using a hydrophobic grid membrane filtration method with direct plating on CFC media. A total of 309 
isolates comprising 29 from loin on day O and 46, 47, 48, 45, 46, and 48 from steaks on day 0, 2, 4, 6, 8, and 
10, respectively, were selected for RAPD analysis. As Pseudomonas grew on steaks, sensory analysis showed a 
progressive decrease in the retail appearance and a progressive increase in the surface discoloration and odor 
intensity. Using RAPD analysis, a total of 51 genetic types (>85% similarity) were identified among 309 isolates. 
One major genetic type contained 45% of the isolates. Sixteen genetic types contained isolates that were shared 
between >2 sampling times whereas the remaining 34 types were unique to one particular time. These data 
suggest that although Pseudomonas spp. associated with the beef loin were transferred to the steaks prepared 
from it, a genetically diverse Pseudomonas population emerged during the retail display of beef. Understanding 
the heterogeneous nature of Pseudomonas spp. on beef during storage would help in the development of 
intervention strategies to effectively control the growth of the prevalent strains causing spoilage. 

P4-16 Microbiological Quality of Beef Carcasses and Trim in Australia 
IAN JENSON, David Jordan, Stephen Morris, David Phillips, and John Sumner, Meat and Livestock 
Australia, Locked Bag 991, North Sydney, NSW, 2059, Australia 

Microbiological monitoring contributes to validating the regulatory system. Samples of chilled beef and 
sheep carcasses and frozen boxed trim were collected from processors accounting for approximately 75% of 
Australia's beef and 65% of sheep throughput. Beef carcasses were found to have an average total viable count 
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(TVC, 25'C) of 1.33 log CFU/cm2
• E.coli was isolated from 4.9% carcasses with an average count of -0.42 log/cm2 

on positive samples. Sheep carcasses were found to have an average total viable count of2.28 log CFU/cm2• E.coli 

was isolated from 32. 9% carcasses with an average count of 0.28 log /cm2 on positive samples. For frozen beef trim 

the average TVC was 1.19 log/g and the average count for the 1.1% of samples with detectableE. coli was 1.90 log/ 

g, E.coli O157:H7 was isolated from 1/1143 carcasses and 0/1082 boxed samples. Salmonella was isolated froml/ 

1082 samples of boxed product. No Campyl,abacter sp. were isolated. S. aureus was isolated from 20.1% and 2.6% 

of carcass and boxed beef samples respectively. For frozen sheepmeat trim the average TVC was 1.81 log/g. The 

average E. coli count for the 4.3% of positive samples was 2.02 log/g. E. coli O157:H7 was isolated from 0.6% 

carcasses and 0.2% boxed samples. Salmonella was isolated from 0.5% samples of boxed product. Campylobacter 

sp. were isolated from 0.4% of carcasses and 0.2% of boxed samples. S. aureus was isolated from 15.9% and 14.1% 

of carcase and boxed samples. These results are a significant improvement over the survey conducted in 1998, 

reflecting the investment made by the Australian industry in food safety systems. 

P4-17 Efficacy of the Grovac™ System for Decontamination of Retail Beef Trimmings: Process 

Validation against Escherichia coli 0157:H7 and Salmonella spp. 

ROBIN FORGEY, Randall Phebus, James Marsden, Larry Franken, Tom Harold, Erin Harvey, 

and Carlos 'l'anus, Cosco Wholesale, 999 Lake Drive, Issaquah, WA 98027, USA 

The Grovac'" antimicrobial intervention system (Pine Bluff, AR) was evaluated for its effectiveness in 

reducing Escherichia coli O157:H7 and Salmonella spp. inoculated onto surfaces of raw beef trimmings. 

Designed to be used in a batch process, the Grovac system involves treating beef trimmings in a mixture of 

citric acid and hypotonic salt solution while tumbling under vacuum. Beef trimmings were inoculated with a 

five-strain cocktail of E. coli O157:H7 or Salmonella spp., then subjected to no treatment, water with 1 h drain 

treatment, water with overnight drain treatment, Grovac with 1 h drain treatment, and Grovac with overnight 

drain treatment. All treatments were applied in the Grovac unit for 2 min. The inoculum level for each patho­

gen was ca. 6 log CFU/g. Salmonella spp. reductions (average of 4 replications) on XLD agar were 0.28 (water 

only-1 h drain), 0.64 (water only-overnight drain), 0.45 (Grovac'"-1 h drain), and 0.92 (Grovac'"-overnight 

drain) log CFU/g. Reductions on XLDD recovery medium were similar. E. coli O157:H7 reductions (average 

of 5 replications) were 0.39 (water only-1 h drain), 0.4 7 (water only-overnight drain), 0.42 (Grovac'"-1 h 

drain), and 0.69 (Grovac'"-overnight drain) log CFU/g. 

P4-18 Fate of Acid-adapted and Nonada1,ted Escliericliia coli, Listeria monocytogenes, 

and Salmonella on Ground 01· Whole Beef Jerky 

RUTH A. MORROW, Mark A. Harrison, and Judy A. Harrison, University of Georgia, Dept. of Food 

Science and Teoh., Athens, GA 30602, USA 

The objective of this study was to determine the fate of acid-adapted and nonadapted Escherichia coli 

0157 :H7, Salmonella and Listeria monocytogenes on ground and whole beef jerky strips during the home-style 

jerky process. Each organism and meat type was compared separately and analyzed using a split-plot experi­

mental design. To achieve acid-adapted and nonadapted cultures, each pathogen was grown in tryptic soy broth 

with and without dextrose, respectively. After incubation, the pH of the acid-adapted culture was 4.88 and the 

nonadapted was 6.97. Inoculated strips were dried in a vertical dehydrator with an air temperature of 60.0'C. 

For ground beef strips, samples were taken at time 0, 2, 4, 6, and 10 h. After 10 h, population reductions of 

acid-adapted and nonadapted E. coli 0157 :H7, Salmonella, and L. monocytogenes were 5.86 and 5.30, 4. 73 

and 3.96, and 4.28 and 4.51 logs, respectively. When population reductions were compared for the same 

organism, there was no significant difference (P > 0.05) between acid-adapted and nonadapted E.coli O157:H7, 

Salmonella and L. monocytogenes on ground beef strips. Whole beef strips were sampled after inoculation, 

after marination and at 4, 8, 12, and 14 h. Population reductions after 14 h for acid-adapted and nonadapted 

E. coli O157:H7, Salmonella, andL. monocytogenes were 5.25 and 5.13, 4.85 and 4.82, and 4.81 and 4.87 logs, 

respectively. When population reductions were compared for the same organism, there was no significant 

difference (P > 0.05) between acid-adapted and nonadapted E. coli 0157 :H7, Salmonella and L. monocyto­

genes on whole beef strips. 

P4- l 9 Antibiotic Resistance and Cross-contamination of Enterococcus Isolated from Live Cattle, 

Hides and Carcasses 

Wade Fluokey, MINDY BRASHEARS, and Guy Loneragan, Texas Teoh University, P.O. Box 42141, 

Lubbock, TX 79409, USA 

To determine patterns of cross-contamination and antibiotic susceptibility of bacterial isolates in a 

commercial cattle-processing system, a total of 60 cattle were shipped to a commercial abattoir, 20 in each 

of three separate trial periods. The same animals were followed through the process and bacterial isolates were 

collected from these animals immediately before shipping, at the abattoir after exsanguination, after hide 

removal, and in the cooler. Samples were cultured for Enterococcus spp. Out of all hide samples at the feedlot 

77.8% were positive for Enterococcus, compared to 96.1% of the hide samples from the commercial abattoir, 
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which was a significant increase in hide culture positives (P < 0.001). Enterococcus spp. were recovered from 
58.3% of pre-evisceration carcasses. Enterococcus isolates were frequently resistant to the antimicrobials 
tested. Of 279 confirmed Enterococcus, all were resistant to at least one antimicrobial. Interestingly, 179 
(64.15%) of these isolates were resistant to at least six agents. The most common resistance was to chloram­
phenicol (100%), followed by flavomycin (90.32%), lincomycin (87.81%), tylosin (78.49%), erythromycin 
(76.34%), tetracycline (58.87%), synercid or quinupristin/dalfopristin ( 47.67%), bacitracin (17.92), streptomy­
cin (8.96%), ciprofloxacin (1.43%), linezolid (0.72%) and salinomycin (0.36%). Enterococcus spp. were also 
analyzed for pulsed-field gel electrophoresis profiles from all sampling points. Similar or indistinguishable 
PFGE patterns were found from isolates recovered at the feedlot and in the commercial abattoir. These data 
provide evidence that bacterial isolates originating at the feedlot are passed to the processing environment and 
onto the final processed carcasses. 

P4-20 Evaluation of Ferrioxmnine E as a Selective Iron Source for Enterobacter sakazakii 
in Iron-limited Nutrient Media and Egg White 
KWANG Y. SONG, Kun H. Seo, Grace Thammasuvimol, and Robert E. Brackett, University 
of Maryland, Joint Institute for Food Safety and Applied Nutrition, 0220 Sympons Hall, 
College Park, MD 20740, USA 

This study was conducted to find the optimal concentration of iron sources to detect Enterbacter sakaz­
akii and the effectiveness among Ferric Ammonium Citrate (FAC), Ferrous Sulfate (FS), and Ferrioxamine 
E as an iron supplement. FE has been known as a selective iron source for certain groups of bacteria such as 
Salmonella and Enterobacter. In recent years, E. sakazakii has been associated with necrotizing enterocolitis, 
bacteremia, and infant meningitis through the ingestion of contaminated powdered infant formula. The iron­
free medium was composed of NaCl-glucose with the amount of iron source added to give a final concentration 
from 200 ng/ml to 5 mg/ml, and was inoculated with 0.1 ml of 102 CFU/ml of E. sakazakii. After 24 h of 
incubation at 3 7°C, the E. sakazakii populations recovered from iron-free media supplemented with FAC, FS, 
and FE were log 6.2, 6.3 and 6.4 CFU/ml respectively, at the concentration of 200 ng/ml. However, only log 1.8 
CFU/ml E. sakazakii were isolated from iron-free media without supplementation. Also, in egg white known as 
a perfect iron-free media, when the same procedure was performed, the E. sakazakii populations in the egg 
white media supplemented with FAC were log 8. 7 CFU/ml in 5 mg/ml, log 8.6 CFU/ml in 2 mg/ml, and log 5.0 
CFU/ml in 200 µg/ml; FS were log 6.0 CFU/ml in 2 mg/ml and log 4.2 CFU/ml in 200 µg/ml; and FE were log 
6.5 CFU/ml in 200 µg/ml, log 6.4 CFU/ml in 20 µg/ml, and 3.0 CFU/ml in 2 µg/ml. No E. sakazakii was detected 
from the media without supplementation in egg white. FE could be used as the stimulator to detect E. sakaz­
akii in selective media by accelerating the growth of the bacteria that is usually present in low number in 
infant formula or dairy food. 

P4-21 Detection of Virulence Genes of Atyt>ical Non 0157 Escherichia coli Isolates from Feedlot 
Cnttle Treated with Growth Promoters 
K. Giguere, N. Kashani, G. Roy, S. Bach, P. DELAQUIS, B. Lefebvre, F. Malouin, and M. S. Diarra., 
Agriculture and Agri-Food Canada, Pacific Agri-Food Research Centre, 4200 Hwy 97 S., 
Summerland, BC, V0H lZ0, Canada 

Eighty steers were used to evaluate the effect of 3 growth promoters (Rumensin, Revalor-S and Liqua­
mycin) on the variability of fecal Escherichia coli in a 2 x 2 x 2 factorial design. Rectal fecal samples were 
collected nine times between December 2002 and June 2003. All E. coli isolates were identified by API 20E. 
Detection of virulence genes was performed by PCR and their susceptibility to ampicillin, tetracycline, 
spectinomycin and ceftriaxone was determined using the agar dilution assay. Of the 156 E. coli isolates 
recovered, 84% were sorbitol negative but none were confirmed as 0157. Isolates were grouped into 14 
biochemical E. coli types with 51% being G type. Among the 133 isolates further screened, 40% were positive 
for eaeA and e-hlyA and 2% were positive for stxl, eaeA and e-hlyA. Virulence genes were not detected in 64% 
of isolates. No significant effect of treatment was observed on biochemical characteristics and the virulence 
type (P > 0.05). A small percentage of ampicillin resistant isolates was observed. A high frequency of tetracy­
cline resistant isolates of E. coli were found in all the 8 groups, but were not associated with any specific 
treatment. The administration of Rumensin, Revalor-S and Liquamycin alone or in combination does not seem 
to be associated with an increase in the prevalence of a particular E. coli biotype. However, the presence of 
atypical virulent E. coli strains in feedlot cattle fecal material may subsequently contaminate carcasses at 
slaughter and the environment. 

P4-22 Survivnl of Listeria monocytogenes on UncUl'ed Sliced Roast Beef and 1\1rkey Products 
Manufactured with Different Levels of Antimicrobials during Refrigerated Storage 
WAFA BIRBARI, Tracie Sheehan, Lindsey McDonnell, and Kathleen Glass, Sara Lee Foods, 
3241 Spring Grove Ave., Cincinnati, 01-I 45225, USA 

Different levels of antimicrobials were evaluated in uncured sliced roast beef and uncured sliced turkey. 
Four treatments of each product type were evaluated, 1 control (Test 1) and 3 test formulations with sodium 
lactate and sodium diacetate (Tests 2, 3, and 4 containing 3.0% NuLacR, 3.5% NuLacR, and 2.3% NuLacR plus 
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1% sodium lactate, respectively). Slices were surface inoculated with 4 log CFU/g of a 5-strain mixture of 

Listeria monocytogenes, vacuum-sealed in gas-impermeable bags and stored at 4'0 for up to 12 weeks. Popula­
tions of L. monocytogenes were enumerated on package contents rinsed with Butterfield's phosphate buffer 
(100 mVlOOg) using MOX. Triplicate samples were assayed at 0-time, after 2 weeks, and weekly thereafter. 
Sampling was discontinued for a formulation if populations of L. monocytogenes increased by >2-log CFU/pkg. 
Turkey and roast beef products had similar moisture, pH and salt (%NaCl) values (70.8 to 7 5.6%, 6.0 to 6.4 and 
1.3 to 1.8%, respectively). All turkey formulations tested in this study supported >2-log growth of L. monocyto­

genes within 2 to 4 weeks of storage. NuLacR was effective in controlling the growth of L. monocytogenes on 

roast beef product at 3.5% and at 2.3% in combination with 1% sodium lactate. Tests 1 and 2 supported >2-log 
growth of L. monocytogenes within 2 to 4 weeks. L. monocytogenes showed sporadic growth on Formulation 3 

(3.5% NuLacR) starting at week 8; however, the average log increase was <1 log CFU/pkg throughout 11 weeks 

of storage. Formulation 4 (2.3% NuLacR and 1% sodium lactate) inhibited the growth of L. monocytogenes 

throughout 12 weeks of testing. This study identified antilisterial combinations of sodium lactate and sodium 

diacetate that could be used in uncured roast beef. 

P4-23 Delayed Clostridium petfringens Gl'Owth from a Spore Inocttla by Sodium Lactate 
in Sous-vide Chicken Products 

VIJAY K. JUNEJA, USDA-ARS-ERRC, 600 E. Mermaid Lane, Wyndmoor, PA 19454, USA 

Clostridium perfringens growth from a spore inoculum was investigated in vacuum packaged, cook-in-bag 

marinated chicken breast that included 0, 1.5, 3, or 4.8% sodium lactate (NaL; w/w). The packages were 

processed to an internal temperature of 71.l'C, ice chilled and stored at 4, 19 and 25'0. The total C. perfrin­

gens population was determined by plating diluted samples on tryptose-sulfite-cycloserine agar followed by 

anaerobic incubation for 48 hat 37'0. At 25'0, addition of 1.5% NaL was effective in delaying growth for 29 h. 
Increasing the NaL level to 4.8%, C. perfringens growth from a spore inoculum during storage at 25'0 for 480 h 

was not observed. At 19'0, the growth was >6 log CFU/g by 288 h in control samples. In samples with 3.0 or 

4.8% NaL, the growth of C. perfringens from spores was dramatically restricted with little or no growth in 648 h 

at 19'0. C. perfringens growth was not observed at 4'0 regardless of NaL concentration. The D-values at 55'0 

ranged from 47.40 (no NaL) to 57.58 min (1.5% NaL). Cyclic and static temperature abuse of refrigerated 

products for s 20 h did not permit C. perfringens growth. However, temperature abuse of products for periods 
24 h or longer in the absence of NaL led to growth of C. perfrin!Jens from a spore inoculum. An extra degree 

of safety may be assured in such products by supplementation with NaL at 1.5 to 4.8% NaL level. 

P4-24 A Risk-Based Approach to the Development of a National Through-chain Seafood Standard 

DEON B. MAHONEY and Robert G. Solomon, Food Standards Australia New Zealand, P.O. Box 7186, 

Canberra BC, ACT, 2610, Australia 

P4-25 
DSC 

An assessment of public health risks posed by the consumption of seafood was undertaken to provide a 
scientific basis for the development of a through-chain seafood standard. The assessment considered the public 

health risk posed by microbiological hazards across all major seafood commodities and along the entire seafood 

supply chain, from capture or aquaculture through to consumption. The approach adopted for evaluating risk 
involved the use of a risk-ranking matrix, and was consistent with the principles for risk analysis adopted by 

the Codex Alimentarius Commission. The severity of illness was determined using a three-level ranking that 

ranges from events that are life-threatening to those that are self-limiting and of short duration. The likelihood 
of illness was estimated on the basis of data on the consumption of seafood, the prevalence and level of hazards 

in seafood and available epidemiological data. A decision matrix was applied to the severity and likelihood 

parameters and provided a broad relative risk ranking (high, medium or low) for each commodity:hazard 
combination. Overall the risk from seafood is well managed, with only a small number of commodities consid­

ered to present a high risk to public health and safety. The ranking successfully merged scientific and technical 

information on food safety hazards in seafood and assisted in the identification of risk management approaches 

for those higher risk commodities. The seafood standard being drafted includes generic provisions to control 

hazards in commodities ranked low and medium risk, and specific measures to manage higher risk seafood. 

Daily Variability of Listeria Contamination Patterns in a Cold-smoked Salmon Processing 

Operation 

YUEWEI HU, Ken Gall, Alphina Ho, Renata Ivanek, and Martin Wiedmann, Cornell University, 

Stocking Hall 414, Ithaca, NY 14853, USA 

Understanding Listeria transmission and contamination patterns in Ready-To-Eat (RTE) food processing 

environments is critical to improved control of Listeria monocytogenes. A cold-smoked fish processing 

operation was used to probe variability in Listeria contamination in RTE processing environments throughout 
one production week (five days) by using extensive testing of finished product and environmental samples 
collected at the beginning, middle, and end of each work day. A total of 20 finished products and 22 to 36 
environmental samples were collected at each time, yielding a total of 300 finished product and 470 environ­
mental samples collected from processing steps after smoking, including skinning, trimming, slicing, and 
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packing. A total of 28 finished and 56 environmental samples were positive for Listeria spp. (including one and 
four samples positive for L. monocytogenes, respectively). DNA sequencing of sigB allowed differentiation of 
eight Listeria subtypes. Listeria prevalence varied significantly between days and a high prevalence at day 3 
could be linked to contamination by a single L. welshimeri subtype. Regression analysis revealed a significant 
relationship between the environmental and finished product contamination (P < 0.01). Listeria prevalence 
did not show consistent differences between the beginning, middle, and end of a production day, but subtype 
data often revealed unique contamination patterns for samples collected at different times of a given day. While 
our data further confirm a relationship between environmental and finished product Listeria contamination, 
high variability in contamination patterns between days and within a given day clearly confound our ability to 
define Listeria transmission patterns in RTE processing environments. 

P4-26 Influence of Packaging Atmosphere on Growth of Liste1·ia monocytogenes on Refrigerated 
Ready-to-Eat Shrimp 
DOUGLAS L. MARSHALL and Thomas J. Rutherford, Mississippi State University, Dept. of Food 
Science, Nutrition, and Health Promotion, Box 9085, Mississippi State, MS 39762, USA 

Cooked, refrigerated ready-to-eat (RTE) shrimp is a value-added product not widely exploited in the U.S. 
despite increasing popularity elsewhere, primarily due to concerns for psychrotrophic pathogen growth during 
storage. Thus, the objective of this study was to evaluate the growth potential of Listeria monocytogenes on 
RTE shrimp stored in different atmospheres at different chill temperatures. Cooked, peeled, and deveined 
shrimp were inoculated with a 5-strain mixture ofL. monocytogenes, packaged in air, vacuum, or 100% CO

2
, 

and stored at 3, 7, or 12°0 for 15 days. Populations ofL. monocytogenes and psychrotrophic bacteria, and 
appearance and aroma sensory attributes, were periodically measured. Regardless of temperature, CO2 packaging was most effective in slowing growth of L. monocytogenes and psychrotrophs, followed by vacuum 
packaging, with air packaging least effective. The most effective packaging and temperature combination to 
control bacterial growth was CO

2 
combined with storage at 3°0. This combination produced L. monocytogenes 

and psychrotroph growth rates of 0.0039 and 0.11 log CFU/g per day, respectively. In contrast, the least 
effective combination, air packaging and storage at 12°0, exhibited growth rates of 0.64 and 0.65 log CFU/g 
per day, respectively. CO

2 
packaged shrimp remained unspoiled for 15 days at any temperature, while shrimp 

stored in other atmospheres spoiled before 15 days at 12°0. It is notable that temperatures of 3°0 or less will 
also control growth of psychrotrophic Olostridium botulinum. Therefore, for best quality and safe RTE shrimp, 
CO2 packaging and storage temperatures at or below 3°0 are recommended. 

P4-27 A Novel, Enzyme-based Assay for the Rapid and Simple Detection of Vibrios in Shellfish 
and Seawater 

GARY P. RICHARDS and David Bushek, USDA-ARS, Delaware State University, James W. W. Baker 
Center, Dover, DE 19901, USA 

We discovered an enzyme activity present in members of the Vibrionaceae family, but not present in 
non-Vibrio pathogens. This enzyme serves as a lysyl aminopeptidase and is associated with phosphoglucose 
isomerase of all Vibrio species tested to date. A colony overlay procedure for peptidases (COPP) was developed 
for the rapid detection of bacteria containing this enzyme activity. Cellulose acetate membranes containing a 
synthetic fluorogenic substrate were overlayed onto bacterial colonies on trypticase soy agar plates containing 
1% NaCl to detect and quantify Vibrios in seawater and shellfish. Within 10 min, Vibrionaceae family members 
produced fluorescent spots on the membranes where the substrate was cleaved by the enzyme. We used this 
COPP technique in a monthly survey of oysters and seawater from moderate and low salinity areas of the 
Delaware Bay from May through December, 2004. Six sets of oysters and 6 seawater samples were collected 
for analysis each month. Results indicated the presence of > 104 Vibrionaceae per gram of oyster during the 
summer months. Biochemical testing of isolates showed the presence of Vibrionaceae family members includ­
ing species of Vibrio, Aeromonas, Plesiomonas, Photobacterium, and Shewanella. During June and July, Vibrio 
vulnificus was most frequently isolated and was at levels 104/g of oyster and 102/ml of seawater from the 
Delaware Bay. The COPP technique is rapid, simple, and inexpensive. It was useful for monitoring rising levels 
of Vibrionaceae family members in shellfish and seawater as water temperatures increased. Subsequent 
correlation of pathogenic species and shellfish-associated disease with total Vibrio levels could lead to the 
application of the COPP assay in the establishment of regulatory guidelines for total Vibrio levels in shellfish. 

P4-28 Vibrio vulnificus Septicemia Associated with Clum Consumption, 1988 - 2003 
Marc Knobbe, Patricia Griffin, and NANA KO RAM, CDC, 1600 Clifton Road NE, MS A-38, 
Atlanta, GA 30333, USA 

Vibrio vulnificus causes septicemia and death, typically following raw oyster consumption. Florida 
requires restaurants to warn consumers about risks associated with raw oysters but not clams; regulations in 
other states vary. We extracted information from CDC's Cholera and Other Vibrio Illness. We defined primary 
septicemia as a blood culture that yielded V. vulnificus in a patient without a wound. We identified 11 patients 
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with primary V. vulnificus septicemia between 1988 and 2003 for whom recent clam but not oyster consump­
tion was reported. Ten were men, and all were either older than SO years (6 patients) or reported an underlying 
medical condition (9). Patients resided in Florida (3), New York (3), Pennsylvania (3), and California (2). Nine 
consumed raw clams, and no other seafood consumption was reported for five of these. Five patients obtained 
clams from a restaurant or bar, 1 from a market, and 1 from an unlicensed caterer. Harvest site information 
was available for six cases: Indian River, Florida (4 patients), Virginia (1), and Washington state (1). Six died; 
five had consumed raw clams and one consumed them cooked. Clams, particularly eaten raw, may have caused 
serious illness and death. Most patients had underlying medical conditions. Clams associated with these 
infections were harvested from both Atlantic and Pacific coasts. Raising awareness about the health risks 
associated with raw clam consumption may reduce V. vulnificus infections. 

P4-29 Changes in Re1,orted Vibrio vulnificus Infections in the USA following California's Ban 
on Gulf Coast Oysters 

JOHN PAINTER, Nana Koram, and Robert Tauxe, CDC, 1600 Clifton Road, Mailstop A-38, 
Atlanta, GA 30333, USA 

Vibrio vulnificus infection is a serious health threat, causing hospitalization in 90% of oases, and death 
in 40%. Cases are due to wound exposure to Gulf of Mexico water or due to eating contaminated food, most 
frequently raw oysters from the Gulf Coast. In 2003, California banned the sale of raw or untreated oysters 
harvested from the Gulf of Mexico during April through October. We reviewed cases reported to CDC's Cholera 
and Other Vibrio Infection Surveillance System from 1998 through 2004. Foodborne V. vulnificus infection 
was defined as isolation of V. vulnificus from a patient who exhibited no evidence of having sustained a wound 
that came in contact with coastal water, raw seafood, or marine wildlife. Between 1998 and 2002, 270 (55/year) 
foodborne V. vulnificus infections were reported from 29 states. California reported 37 of these. Food exposure 
information was available for 231 (86%); 167 (72%) reported eating oysters, of which 94% were raw or un­
treated. Between 2003 and 2004 (preliminary data), 104 (52/year) foodborne V. vulnificus infections were 
reported from 20 states. California reported no foodborne V. vulnificus infections in this time period. Since 
the ban on the sale of raw Gulf Coast oysters in California, the frequency of foodborne V. vulnificus oases in 
the U.S. did not change importantly, but no oases were reported from California. Foodborne V. vulnificus 
infections continue to occur in the rest of the country. 

P4-30 Genetic Variation within the Vibrio vulnificus Capsular Polysaccharide O1,eron 

Maria Chatzidaki, Melissa Jones, and ANITA WRIGHT, University of Florida, P.O. Box 110370, 
Gainesville, FL 32611, USA 

Vibrio vulnificus is indigenous to estuaries worldwide and produces rare but rapidly fatal septicemia in 
susceptible persons. Disease is associated with either consumption of raw oysters or exposure of wounds to 
shellfish and seawater. Virulence factors include capsular polysaocharide (CPS) expression, which correlates 
with opaque (0) colony morphology and shows phase variation to translucent (T) colony types with reduced 
CPS and virulence. Characterization of T phase variants suggested multiple mechanisms for phase variation: 
Tl strains had point mutations in the CPS operon, reduced CPS gene expression, and were able to revert back 
to O phenotype; T2 strains showed deletions of one or more CPS genes, did not express surface CPS, and were 
stable in the T phenotype. High frequency switching of O to T phenotype was induced under specific growth 
conditions, and rates were dependent on strain, media, and temperature, and increased with extended incuba­
tion. Deletions in T2 strains were mediated by tandem directly repeated oligonucleotides flanking the deleted 
genes. Strains without repetitive elements did not show T2 deletion, but, instead, deletion mutations in the 
CPS operon probably resulted from recombination with the second chromosome. The transition from opaque 
to translucent phase promotes V. vulnificus attachment and biofilm formation (Joseph and Wright, 2004). 
Therefore, these genetic variations may represent adaptations for increased survival in estuarine environments. 

P4-31 The Incidence of Pathogenic Microorganisms in Aquacultured Rainbow Trout 
( Oncorliynclius mykiss) 

GEORGE J. FLICK, JR., T. James McAdams, Robert G. Reinhard, Stephen A. Smith, and George 
S. Libey, Virginia Teoh., Food Science and Teoh. Dept. (0418), Blacksburg, VA 24061, USA 

Quantitative levels of six known pathogens (Listeria monocytogenes, Clostridium botulinum, Salmonella 
species, Vibrio cholerae, Yersinia enterocolitica, and Y. pseudotuberculosis) and aerobic plate counts were 
measured at five aquaculture facilities. Four of the facilities employed a flow-through aquaculture system while 
the fifth used a system that recirculated approximately 80 percent of its water. Facility 1 had a mud raceway, 
facilities 2 and 3 had fiberglass raceways, facility 4 had a concrete raceway, and facility S had fiberglass recir­
culating tanks. The farmed rainbow trout (Oncorhynchus mykiss) and trout fillets were sampled at two 
different growing seasons to monitor for potential microbial hazards. Listeria spp. was identified in both whole 
trout and trout fillets from all five facilities sampled from both growing seasons. Presumptive Clostridium 
botulinum spores were also identified from all five facilities for both seasons. The growing season did not affect 
pathogen levels and there was no evidence that any one aquacultural system was superior to the others. 
Salmonella spp., Vibrio cholerae, and Yersinia spp. were not isolated from any of the trout samples analyzed. 
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P4-32 Effects of Acidified Sodium Chlorite, Grapefruit Seed Extract, and Storage Conditions on 
Recovery of Listeria monocyto!lenes and Staphylococcus aureus from Smoked Trout 
SUSAN MCCARTHY and Farukh Khambaty, USDA, Gulf Coast Seafood Laboratory, P.O. Box 158, 
Dauphin Island, AL 36528, USA 

Antibacterial activities of acidified sodium chlorite (ASC, Sanova®) or Citricidal'" (grapefruit seed extract, 
GSE) were evaluated against Listeria monocytogenes (LM) and Staphylococcus aureus (SA) on smoked trout. 
Fillets inoculated with five log CFU/g of LM and SA were dipped for one min. in sterile distilled water (SDW), 
ASC, or GSE with or without subsequent neutralization of the antimicrobials. Treated fillets were stored at 4°C 
or in ice with (VP) or without (non-VP) vacuum packaging for up to 21 days. LM numbers increased during 
storage of untreated fish on ice and at 4'C. LM numbers decreased to three (0.5% GSE) or four log CFU/g (SDW 
or 50 ppm ASC) on VP fish stored at 4°C for two days but then increased to five to six log CFU/g after 14 days. 
LM numbers dropped to four log CFU/g during storage of fish in ice regardless of treatment. SA numbers were 
reduced to three ( 4 °C) and two (ice) log CFU/g during storage of untreated fish and treated VP fish. Lack of 
neutralization of 2% GSE permitted growth of LM from one log CFU/g (day 0) to only two log CFU/g on day 14; 
numbers increased to five log CFU/g on untreated fish. Numbers of SA decreased to less than one CFU/g in the 
presence of 2% GSE. The approved concentration (50 ppm) of ASC had minimal effect in reducing LM, while 
GSE, in combination with VP and iced storage, shows promise in mitigating this public health concern. 

P4-33 Quality nnd Safety of X-ray Treated Fresh Catfish Fillets 
DSC CHRISTINA E. COLLINS, Linda S. Andrews, Mark W. Schilling, and Douglas L. Marshall, 

Mississippi State University, Box 9805, Mississippi State, MS 39762, USA 
Consumer skepticism of irradiated foods limits widespread use of this technology. Although lacking 

consumer appeal, this technology could be the answer to improving food quality and safety of perishable fresh 
foods. As with any processing technology, if the quality of the treated foodstuff is noticeably different from 
similar but untreated products, consumers will likely reject the alternative product. The present research was 
designed to determine if X-ray irradiation treatment results in changes in selected quality and safety param­
eters ( color, texture, microbial load, and Listeria monocytogenes incidence) of fresh aquacultured channel 
catfish fillets. Fresh catfish fillets (Ictalurus punctatus) were obtained from a local processor, trimmed to 50 g 
portions, then sealed individually in Ziploc® bags. Samples were dosed to O, 0.5, 1.0 and 1.5 kGy using an RS 
2000 X-ray irradiator (Rad-Source Technologies) and stored at 4°C for 17 days. Periodically during storage, 
samples were removed and measured for color, texture, aerobic plate count (APC), psychrotrophic plate count 
(PPG), total coliform count (TCC), and L. monocytogenes incidence. Color and texture did not change over 
time or with irradiation dose. Microbial counts were significantly different with time, irradiation dose, and the 
interaction of the two. TCC, APC, and PPG increased with time as expected, with slower rate increases with 
higher irradiation doses. Overall£. monocytogenes incidence was 40%, 27%, 0%, and 7% at 0, 0.5, 1.0, and 1.5 
kGy, respectively. This study indicated that X-ray irradiation improved the quality and safety of fresh catfish 
fillets without negatively affecting consumer purchase attributes. 

P4-34 Rapid PCR-RFLP Method for the Identification of Five Billfish S1>ecies 
HUNG-SHENG HSIEH, Tuu-Jyi Chai, and Deng-Fwu Hwang, National Taiwan Ocean University, 
Dept. of Food Science, 2 Pei-Ning Keelung, Keelung, 202, Taiwan 

Billfish meats are highly favored in Taiwan. They are commonly used as a sliced meat (sashimi), dried 
fish floss and fish minced products. Due to an increase in consumption demand and high cost, other cheaper 
fish meats are occasionally used to adulterate it. So the species identification of these mislabled products is 
necessary to prevent fraudulent substitution. A PCR-RFLP method has been developed for the detection of five 
billfish species, Xiphias gladius (Swordfish), Makaira nigricans (Blue Marlin), Makaira indica (Black Marlin), 
lstiophorus platypterus (Sailfish) and Tetrapturus audax (Striped marlin). The primers L-CYTBF and H-CYTBF 
were designed on a conserved DNA sequence in the mitochondrial cytochrome b (cytb) gene and molecular 
weight of amplified fragments was 348 bp. The sequence of amplified DNA fragment in five species were 
analyzed and then were further subjected to restriction enzyme active sites analysis. The DNA sequence and 
restriction enzyme analyses could differentiate five billfish species. The results obtained from the Bsa JI and 
Cao 81 enzyme digestion could be used to distinguish the five billfish meats. The method is sensitive, rapid 
and valid to detect fraudulent billfish products replaced by less valuable fish. 

P4-35 Application of PCR-RFLP Analysis to Species Identification of Raw Material and Canned 
Products of Tuna 

WEN-FENG LIN and Deng-Fwu Hwang, National Taiwan Ocean University, Dept. of Food Science, 
2 Pei-Ning Keelung, Keelung, 202, Taiwan 

Tuna is an important pelagic capture in Taiwan; the familiar species in Taiwan are Thunnus thynnus, 
T. alalunga, 1'. obesus and T. albacares. In order to establish the gene identification of fresh meat of familiar 
tuna species in Taiwan, in this study we used the directed sequencing and the polymerase chain reaction -
restriction fragment length polymorphism (PCR-RFLP) technology to determine the genetic variation of 358 bp 
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fragment of the mitochondrial cytochrome b gene of four Thunnus species. Then we developed gene probes to 
identify the species of frozen, fresh and canned tuna meat. After analyzing the sequence differences in four 
Thunnus species, we chose three restriction enzymes with specific cutting sites, Bsp1286 I, Hine II and Rsa I. 
The polymorphic pattern in the DNA electrophoretic gel could identify four fresh Thunnus species precisely 
and quickly. In the case of canned product, we designed 7 pairs of primers for PCR amplifying, but there were 
only two pairs of primer, CbBRs126L/I-I and CbHi146L/H, which could successfully amplify the PCR products, 
short fragments of 126 bp and 146 bp, respectively. Then we used three restriction enzymes, Bsp1286 I, Hine II 
and Rsa I, to analyze the cutting sites of processed products and could differentiate the diversity between four 
species by the DNA electrophoretic map. 

P4-36 Growth and Histamine Formation of Enterobacter aerogenes Inoculated in Sailfish 
and Milkfish during Stomge 

YUNG-HSIANG TSAI, Shiou-Chung Chang, Hsien-Feng Kung, Cheng-I Wei, and Deng-Fwu Hwang, 
Tajen Institute of Technology, #20, Wei-Shin Road, Yan-Puu Hsiang, Pingtung, 907, Taiwan 

Enterobacter aerogenes was studied for its growth and its promotion of the formation of total volatile base 
nitrogen (TVBN) and histamine in sailfish (Istiophorus platypterus) and milkfish (Chanos chanos) stored at 
various temperatures from -20'C to 37°C. The optimal temperature for bacterial growth in both fish species was 
25'C, while the optimal temperature for histamine formation was 37°C. The two fish species inoculated with 
E. aerogenes, when not properly stored at low temperatures such as 15'C, formed histamine at above the FDA 
hazardous guideline level of 50 mg/100 g. Milkfish was a better substrate than sailfish for histamine formation 
by bacterial histidine decarboxylation at elevated temperatures (>15'C). Although higher contents of TVBN 
were detected in the spiked sailfish than milkfish during the same storage time at temperatures above 15'C, 
the use of the 30 mg TVBN /100 gas a determination index for fish quality and decomposition was not a good 
criterion for assessing potential histamine hazard for either fish species. Bacterial growth was controlled by 
cold storage of the fish at 4'C or below, but histamine formation was prevented only by frozen storage. Once 
the frozen fish samples were thawed and stored at 25°C, histamine started to accumulate rapidly and reached 
levels greater than the hazardous action level in 36 h. 

P4-37 Modeling the Inactivation of Vibt•io parahaemolyticus in Oysters by High Pressure Processing 

Jiangping Yu and PETER J. SLADE, Illinois Institute of Technology, National Center for Food Safety 
and Teoh., 6502 S. Archer Road, Summit-Argo, IL, USA 

Vibrio parahaemolyticus is a leading cause of diarrhea due to consumption of raw or undercooked 
seafood. High pressure processing (HPP) can be used to inactivate this organism while retaining desirable 
product quality attributes. Using pilot-scale HPP equipment, we developed response surface (RS) models to 
predict inactivation of V. parahaemolyticus in oyster homogenates. Different models were developed to reflect 
changes in response due to altered metabolic status of the microorganism through growth under optimal and 
sub-optimal conditions. No injury of V. parahaemolyticus apparently resulted from HPP following either 
optimal or sub-optimal growth of cultures, but V. parahaemolyticus was more sensitive to HPP when grown 
sub-optimally than when grown under optimal conditions. Pressure played the most important role in the 
inactivation of V. parahaemolyticus, followed by time and temperature, whereas temperature of 1-IPP is only 
a nuisance factor for sub-optimally grown cultures. When scaled up I-IPP equipment was used, the models 
adequately predicted inactivation of the organism in oyster homogenate, but over-predicted inactivation in 
whole oysters. When compared with kinetic models of inactivation, the RS models generally predicted similar 
levels of inactivation. 

P4-38 Mapping of Spoilage Indicators and Some Pathogenic Microbes in Three Estonian Dairies 

Satu Salo, Helen Ehavald, Hanna Miettinen, Tiina Veskus, Outi Priha, Liisi Vakra, Raivo Vokk, 
Laura Raaska, and GUN WIRTANEN, VTT Biotechnology, P.O. Box 1500, Tietotie 2, Espoo, 
FI-02044 VTT, Finland 

The aims of this study were to find critical points in processing that may contribute to contamination 
of dairy products, to compare visual inspection with microbial sampling in hygiene surveys and to determinate 
the occurrence of the pathogens Bacillus cereus, Listeria monocytogenes andMycobacterium spp. in process 
samples. Surfaces were examined with I-Iygicult-dipslides (TPC, Y&F and E/-gur) and RidaCount (Total, Yeast/ 
Mold and Coliforms) agar sheets. DryCult TPC was used for the determination of microbial counts in liquid 
samples. The detection of L. monocytogenes was performed according to ISO 11290-1 using half Fraser and 
Fraser broths for enrichment and Oxford and LMBA agars for culturing. The API Listeria test was used for 
identification. Detection of B. cereus was performed according to ISO 7932, using Mossel agar for culturing. 
Before identification with API test, colonies of Bacillus spp. were checked for ahemolysis on sheep blood agar. 
The detection of Mycobacteria spp. was performed using Middlebrook 7H10 agar and commercially available 
Myca bacterium tubes 1 and 2 in culturing. The confirmation of Mycobaoteria was carried out with Ziehl­
Neelsen staining. The general results from these three Estonian dairies showed that food contact surfaces were 
mostly clean from all microbes examined, but non-contact surfaces in food processing were in most cases 
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contaminated with Enterobacteria, fungi and aerobic bacteria. As a routine hygiene control method, sampling 
of surfaces for Enterobacteria with contact agar is a good indicator of contamination, which correlates with the 
aerobic bacterial counts obtained. The presence of pathogens in all three dairies was minor. 

P4-39 Efficacy of Multiple Heat Treatments to Inactivate Bacterial StJOres in Milk 

LINDSEY M. MCDONNELL, Eric A. Johnson, and Kathleen A. Glass, University of Wisconsin-Madi­
son, Food Research Institute, 1925 Willow Drive, Room 239, Madison, WI 53716, USA 

Heat-resistant bacterial spores survive high-temperature, short-time (I-ITST) pasteurization processes, 
but may be stimulated to germinate so that vegetative cells can be inactivated by a second 1-ITS'l'. The primary 
objective of this study was to evaluate the efficacy of multiple heat treatments, germinants, and storage and 
pasteurization temperatures to inactivate Clostridium botulinum or Bacillus cereus spores in milk. The 
sporocidal effect of double 1-ITST treatments was evaluated for 1-ml portions of whole milk inoculated with 
6-log spores/ml C. botulinum or B. cereus and heated to 72°C for 15 s, with a 1- or 4-h hold at 4, 30 or 40°C 
between 1-ITSTs. Spore populations remained unchanged after the second 1-ITST regardless of hold temperature 
or time. The effect of germinants was similarly tested by adding L-alanine, L-lactate, L-cysteine, sodium 
bicarbonate, nitrite, nisin, lysozyme, or hydrogen peroxide to inoculated whole milk. Populations of spores in 
the 0.5% hydrogen peroxide treatments decreased 0.5- to 1-log spores/ml after the first 1-ITST at 71.7°C and an 
additional 1- to 1.5-log spores/ml after the second I-ITS'l'. No significant decrease in spores was observed for any 
other treatment. Further testing with 0, 0.25, and 0.5% hydrogen peroxide compared the effect of pasteuriza­
tion temperatures (15 sat 72, 81 and 85°C for both spore types and at 75 and 78°C for B. cereus only) and hold 
temperatures before heating ( 4 or 30°C; 1 h). In order to generate a 2-log decrease in viable B. cereus spores, 
combinations of 0.25% hydrogen peroxide with 78°C double 1-ITST or 0.5% hydrogen peroxide with 75°C double 
1-ITST was required. C. botulinum spores were more resistant to inactivation, requiring 0.5% hydrogen peroxide 
and 81 °C double 1-ITST to generate a 2-log decrease. This study identified a potential method to inactivate 
bacterial spores in pasteurized milk and will be replicated using a lab-scale pasteurizer. 

P4-40 Collaborative Evaluation of a Fluorometric Method for Measuring Alkaline Phos11hatase 
Activity in Cow, Shee11 and Goat Milk 

Frank Harding and EILEEN GARRY, Advanced Instruments, Inc., 2 Tech. Way, Norwood, MA 
02062,USA 

Pasteurization of raw milk was introduced in order to extend product shelf life and destroy pathogens. The 
measurement of alkaline phosphatase (ALP) activity has been used as an indicator of proper pasteurization in 
dairy products for over 65 years. This study was undertaken to evaluate 6 different fluid dairy products at lower 
phosphatase levels than previously verified using the Fluorophos Test System, a sensitive and precise method 
for ALP activity detection. Thirteen laboratories participated in this collaborative, international study to 
evaluate the fluorometric test at 20, 40, 100, 350 and 500 mU/1, and extend the scope of the method to not only 
include milk from cows but also goat and sheep. Initially, the statutory level of ALP measured fluorometrically 
was set to equivalent levels of colorimetric test standards (500 mU/1). The European Union recently announced 
its intention of lowering the legal limit from 500 mU/1 to 350 mU/1 and, in addition, setting a target value of 100 
mU/1, which if exceeded, would trigger an investigation into the pasteurizer plant performance. At 500 mU/1 
ALP, this trial generated RSDR% values of 6.48, 5.69 and 1.74, and RSDR% values of 14.66, 13.30 and 5.33 for 
all cow, sheep and goat milk samples, respectively. Data from this study are comparable to data from previous 
studies and indicate the suitability of the Fluorophos method for measuring ALP activity in milk from cows, 
sheep and goats not only at the current European statutory level of 500 mU/1 but also at much lower levels. 

P4-41 Evaluation of Decontamination Protocols, Media Enrichments and Improved Template DNA 
Prepamtion P1·ocedure for the Detection and Recovery of Mycobacterium avium paratuber­
culosis from Cow Milk and Feces 

Melinda Raymond, Anli Gao, Joseph Odumeru, and LUCY MUTHARIA, University of Guelph, 
Dept. of Microbiology, 95 Stone Road W., Guelph, ON, NlG 2Wl, Canada 

Mycobacterium avium paratuberculosis (MAP) is the etiologic agent of Johne's disease (JD), a chronic 
enteritis affecting many animal species. JD is prevalent in North America and one of the most significant causes 
of economic losses to dairy industry. Cows with JD shed this organism into both feces and milk. There is a 
great interest to improve the procedures for the detection of MAP in these matrices. In this study we compared 
the effect of decontamination and enrichment in various broth formulations on the recovery, and time-to­
detection of the live bacterium. Cow feces and milk seeded with MAP were decontaminated for 4 to 16 h in 
(a) 2 to 4% NaOI-1 alone or in combination with 0.5 and 5% oxalic acid, (b) NaLc in combination with 2 to 4% 
NaOI-1, (c) 1-IPC 0.4 to 1.2%. 1reated samples were subjected to 24 h antibiotic treatment, followed by incuba­
tion in various mycobactinJ-71-19 formulations. On day 11, samples were seeded to BACTEC and 1-IEYM slants. 
Contamination was not observed in fecal and milk samples decontaminated with (a) 2 to 4% NaOI-1-5% oxalic 
acid, (b) 1-IPC 0.4 to 1.2% for 6 to 12 h. The 7I-19 broth formulations containing glycerol, NAD, serum, egg and 
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lacking all detergents were superior in MAP recovery. An optimized PCR procedure using pooled cream and 
pellet fractions from SO ml of seeded milk sample heated to 8S°C and cooled fractions treated with 0.75% 
hexadecylpyridinium chloride (HPC) prior to template DNA extraction by beadbeating and precipitation 
procedures resulted in MAP detection limit of 15-50 CFU/50 ml, or <1 CFU/ml. 

P4-42 Prevalence of Salmonella enterica in Bulk Tank Milk from USA Dairies as Determined by PCR 

JEFFREYS. KARNS, Jo Ann S. Van Kessel, Brian J. McCluskey, and Michael L. Perdue, USDA-ARS, 
Environmental Microbial Safety Laboratory, Bldg. 173 BARC-E., 10300 Baltimore Ave., Beltsville, 

MD 20705, USA 

Samples of bulk tank milk from dairies across the United States, taken as part of the NAI-IMS Dairy 2002 
survey, were analyzed for the presence of Salmonella enterica by use of a commercially available real-time 
PCR kit. Samples from 854 farms in 21 states were collected and enriched in tetrathionate broth to amplify any 
salmonellae present, and DNA was isolated from the resulting biomass. One-hundred and one samples (11.8%) 
were shown to contain Salmonella enterica by use of the real-time PCR assay whereas conventional culture 
techniques detected the pathogen in only 22 (2.6%) of the samples. A conventional PCR assay targeting a 
different gene from Salmonella enterica confirmed the presence of the organism in 94 of the real-time PCR­
positive samples. Thus, assay of milk samples by real-time PCR indicates that the prevalence of Salmonella 
enterica in US bulk tank milk is substantially higher than previously reported. 

P4-43 Prevalence of Mycobacterium a'Vium subspecies paratubet•culosis in Retail Cheese Curds 
from Wisconsin and Minnesota 

DORN L. CLARK, Jennifer L. Anderson, Jeff J. Koziczkowski, and Jay L. E. Ellingson, Marshfield 

Clinic Food Safety Services, 1000 N. Oak Ave., Marshfield, WI 54449, USA 

Mycobacterium avium subspecies paratuberculosis (MAP) is the etiological agent of Johne's disease, a 
severe gastroenteritis in ruminants. MAP is also suspected to be associated with Crohn's disease in humans. 
Recent research has focused on detection of viable MAP in pasteurized milk. Pasteurized milk is a key ingredi­
ent in a variety of food products. We investigated whether viable MAP was present in commercially available 
cheese curds. A total of 101 retail cheese curd samples were collected over a 6-month period from northern 
and southern regions of Wisconsin and Minnesota. Five grams (in duplicate) of each sample was homogenized 
in 30 ml of 2% (w/v) sodium citrate and heated at 35°C for 15 min. One milliliter of the resulting solution was 
placed in Dubos media overnight followed by hexadecylpyridinium chloride and antibiotic decontamination. 
Samples were then cultured on Herrold's egg yolk agar slants supplemented with mycobactin J, amphotericin B, 
naladixic acid, and vancomycin. DNA was extracted and PCR confirmation was performed using the IS900 and 
hspX primer sets. No viable MAP was cultured from commercially available cheese curds. However, 9.2% (6/65) 
of the samples tested positive for MAP genetic material. These data suggest that the combination of pasteuriza­
tion and cheese production processes is effective at killing MAP. This study may warrant further investigation 
of MAP survival in retail cheese curds with a larger sample size, as well as determining MAP survival in other 
pasteurized and unpasteurized milk products. 

P4-44 The Microbiological Quality of Cheese Made from Raw or Thermized Milk from Production 
and Retail Pt·emises in the UR 

SATNAM SAGOO, Christine Little, and Melody Greenwood, Health Protection Agency, 
Environmental and Enteric Diseases Dept., CDSC, HPA Centre for Infections, 61 Colindale Ave., 

London, NW9 SEQ, UK 

The foodborne pathogens Salmonella and Listeria monocytogenes are of concern in the dairy industry, 
especially in the manufacture of soft cheeses. European Commission Recommendation 2004/24/EC required 
Member States to undertake a program of sampling cheeses made from raw or thermized milk from production 
and retail establishments in 2004 for the presence of Salmonella and Campylobacter, and levels of Staphylo­
coccus aureus, Escherichia coli and Listeria spp. includingL. monocytogenes. Examination of 1,842 cheese 
samples in the UK and comparison with criteria stipulated in 2004/24/EC revealed that most (98%) were 
of satisfactory or acceptable microbiological quality. However, 2% of samples were of unsatisfactory quality 
due to high E. coli(;;,, 105 CFU/g), S. aureus (;;,, 104 CFU/g) and/or Listeria spp. includingL. monocytogenes 
(;;,, 102 CFU/g) levels. Campylobacter jejuni was detected in one sample, which was of unacceptable quality 
while Salmonella was not. Most (88%) cheese samples collected were made from cows' milk, and almost all 
(99%) were made using raw milk, with only 1% made using thermized milk. Labelling on 25% of cheeses 
contained no information as to whether the cheese was made from raw milk. Cheeses collected included 
unripened soft (fresh) ( 4%), ripened soft ( 44%), and semi-hard (52%) cheeses. A greater proportion of unrip­
ened soft cheese samples (9%) were of unsatisfactory microbiological quality compared to ripened soft (3%) and 
semi-hard cheeses (1%). Although most of the cheeses examined were of an acceptable microbiological quality, 
evidence from this study also indicates that labelling of cheese providing information on whether the cheese 
was prepared from raw or thermized milk requires improvement. 
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P4-45 Evaluating the Snfety of Raw Milk Cheeses 
DEON B. MAHONEY, Narelle Marro, and Marion Healy, Food Standards Australia New Zealand, 
P.O. Box 7186, Canberra BC, ACT, 2610, Australia 

Australian food standards do not generally permit the use of raw milk for the production of cheese. 
Typically, all milk used in cheese making must be pasteurized or thermized. In recent years, Food Standards 
Australia New Zealand (FSANZ) has evaluated and approved applications and proposals to exempt specific 
cheeses from the milk heat treatment requirements of the Code. This has lead to permissions for selected raw 
milk cheeses, viz. gruyere, sbrinz, and emmental cheeses from Switzerland and extra hard raw milk grating 
cheeses such as parmigiana reggiano and grana padano. Currently, FSANZ is evaluating an application to 
permit the import of Roquefort cheese. The scientific assessments underpinning these approvals have been 
based on a equivalence framework, i.e., can these cheeses be produced to an equivalent level of safety as 
cheese made from pasteurized milk? The assessments have examined the efficacy of milk production and 
processing operations to adequately control contamination and outgrowth of pathogenic microorganisms. This 
involves assessing the fate of these organisms during cheese making and maturation. Some assessments have 
also considered the capacity of regulatory arrangements and enforcement agencies to effectively control raw 
milk inputs, cheese making operations and microbiological screening of the final product prior to sale. The 
paper will describe the FSANZ approach and provide a case study contrasting recently completed scientific 
evaluations of extra hard grating cheese and Roquefort cheese. 

P4-46 Effect of Cheese Substitution on the Botulinal Safety of Process Cheese Products 
KATHLEEN A. GLASS, Wenyan Zhang, and Eric A. Johnson, University of Wisconsin-Madison, 
Food Research Institute, 1925 Willow Drive, Madison, WI 53706, USA 

A current strategy to reduce production costs of process cheese products is to formulate products with 
<50% cheese, which is the level used for standard process cheese. The objective of this project was to deter­
mine the effect of substituting cheese with other dairy solids on the botulinal safety of nonstandard process 
cheese products. Using a Box and Benken statistical design, over 75 formulations were manufactured using five 
levels of Cheddar cheese (0, 15, 25, 35, 45%), three moisture levels (55, 60, 65%), three pH levels (5.5, 5.75, 
6.0) and three levels of total salts (3, 4, 5% NaCl plus disodium phosphate emulsifier). Cheese solids were 
substituted with a mixture of dry dairy ingredients (whey, whey protein concentrate, and nonfat dry milk; ratio 
1:1.5:3) and fat levels standardized to 18 to 22% with anhydrous milkfat. Formulated products were inoculated 
with 3-log/g Clostridium botulinum spores during manufacture in a lab-scale cheese cooker, hot-filled into glass 
vials, and incubated at 30'C for up to 6 months; five replicate samples were assayed for botulinal toxin, pH and 
sensory changes at designated sampling points. Data revealed that products formulated with all dry dairy 
ingredients (0% cheese) tended to have slightly lower water activity and delayed botulinal toxin production 
compared with formulations having similar moisture, pH, and total salts, but manufactured with 15 to 45% 
cheese. No significant difference was observed in time to toxicity between products formulated with 25 to 45% 
cheese. These results suggest that whey, whey protein concentrate, or nonfat dry milk can be used as substi­
tutes for cheese solids without negatively affecting the botulinal safety of process cheese products provided the 
water activity is equivalent or lower than similar products manufactured with standard cheese levels. 

P4-4 7 Classifications of Process Cheese Formulations to Prevent Toxin Production of Clostridium 
botulinum by Support Vector Machine 
WEI ZHANG and John Norback, University of Wisconsin-Madison, Dept. of Food Science, 
1605 Linden Drive, 2040 Babcock Hall, Madison, WI 53706, USA 

Formulation control is an effective way to prevent toxin production by Clostridium botulinum in process 
cheese products. The objective of this study was to separate potentially toxic formulations from safe formula­
tions to assist with process cheese formulation adjustments. For this purpose, a support vector machine (SVM) 
was developed. A SVM results from a computational procedure. Its intention is to separate data points based 
on the presence or absence of a characteristic (i.e., toxin production) associated with the data. Experiments to 
determine toxin production of Clostridium botulinum in response to various process cheese formulations were 
previously conducted. The developed SVM generated a hyper-plane boundary to separate safe formulations 
from potentially toxic formulations. The performance of this SVM was evaluated by comparing predictions with 
laboratory observations. The results showed that an SVM can separate formulations that are potentially toxic 
from those that are safe, thus suggesting formulation adjustment region for cheese manufacture. Formulations 
classified in error are used to make the toxicity prediction strategy more conservative. When the error is that 
toxin is predicted but no toxin is observed the formulation is treated as potentially toxic for decision making 
purposes. The accuracy of the decision making before such adjustments was 88%. The SVM also produced an 
estimate of the probability of toxin production. These results suggest that a support vector machine is a 
reasonable strategy to help identify useful process cheese formulations. It is a model free approach that 
classifies formulation alternatives to support safe formulation choices. 
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P4-48 Detection of Food Allergens by Quantitative and Qualitative ELISA 

JOSIE QUINDERE, Kip Dudgeon, Uta Gasanov, Sue Croft, and Ian Garthwaite, TECRA International 
Pty Ltd., 13 Rodborough Road, Frenchs Forest, NSW, 2086, Australia 

Food allergens are increasingly being recognized as a serious health issue. In North America, an estimated 
1 to 2% of the adult population, and 5 to 8% of children, are allergic to one or more foods. Reaction to food 
allergens can range from a slight itching of the mouth to death through anaphylactic shock. In the USA, 
Congress has enacted the Food Allergen Labeling and Consumer Protection Act of 2004 (108 to 282). This law, 
which comes into force on 1-1-06, makes the declaration of the major food allergens mandatory within pack­
aged foods, including incidental additives, flavors and colors. To enable the food industry to easily detect these 
food allergens, TECRA has developed a range of Immunoassays, This presentation details results of preliminary 
studies to determine the suitability of assays for the quantitative and qualitative analysis of residual egg and 
peanut in processed foods. Data is presented for the analysis of key food matrices. The Egg Assay detected the 
presence of both egg yolk and white proteins in food, with a limit of detection below the proposed regulatory 
action level. The Peanut assay was shown to detect both raw and roasted peanut material in processed foods 
below the 5 ppm action level. Quantitative results for both assays were read from the standard curve. Visual 
interpretation of the assay was possible, using a "cut-off standard" below the 5 ppm action level. These assays 
will provide food processors with the means to meet the new labeling requirements, and to provide greater 
certainty to allergic individuals. 

P4-49 Screening Method to Rapidly Distinguish between Chemical Contamination, Microbial 
Spoilage, or Simple Deterioration in Fruit Juice amt Other Drinks 

DANIEL HARRING, Department of Defense, VETCOM Food Analysis and Diagnostic Lab, 24 72 
Schofield Road, Bldg. 2630, Fort Sam Houston, TX 78234-6232, USA 

There is a need for quick screening methods when cases of suspected contamination or potential food 
poisoning arise. In fruit juice, carbonated beverages and other drinks, a broad multi-residue extraction followed 
by GC-MS and other analyses can reveal the chemical differences between a normal control sample and the 
complaint sample. Some recurring patterns encountered in past cases can help identify the ingested chemicals 
and determine the cause of the problem. For example, simple product deterioration over time will show 
chemical changes in the monoterpenes (loss of limonene, increase in a-terpineol), color change (browning, 
loss of Red# 40 or carotenoids), aspartame hydrolysis. Microbiological spoilage on the other hand will usually 
show several additional early eluting peaks on GC compared to the normal product. Another chemical change 
characteristic of microbial growth is the metabolism of flavor aldehydes (e.g., octanal, benzaldehyde, furfural) 
to their corresponding alcohols, which have blander aromas and longer retention times. Depending on the 
available precursors, a variety of other metabolites are produced from the normal ingredients, e.g., fusel 
alcohols, esters, free fatty acids, 2-alkanones, diacetyl. When contamination by extraneous chemicals is the 
problem, those that are amenable to analysis by GC can be detected at the ppb level without the need for 
concentrating the extract. The common petroleum contaminants (aliphatic and aromatic hydrocarbons) 
usually originate from separate sources. Various cleaning compounds are another major cause of consumer 
complaints. Solvent-like odors can come from several things besides solvents, including terpenes, esters, 
ketones, fuse! alcohols, and sorbic and benzoic acid catabolism. 

P4-50 Rescheduled to Pl-58 

P4-51 Rescheduled to Pl-59 

P4-52 Distributions and Thermal Behavio1·s of Enterobacter saka!iiakii in Ready-to-Eat Agricultural 
Products and Infant Formula in Rorea 

Mi-Kyoung Jung, JUNG-PIL CHOI, Eun-Ju Kim, Bong-Soo Noh, and Jong-Hyun Park, Kyungwon 
University, Dept. of Food and Bioengineering, San 65, Bokjung-Dong, Sujung-Gu, Songnam-Si, 
Kyunggi-Do, 461-701, Republic of Korea 

Enterobacter sakazakii, designated as a unique microbial species in 1980, is also referred to as 'yellow 
pigmented Enterobacter cloacae' and may cause bacteremia, necrotizing enterocolitis and infant meningitis. 
The distribution of E. sakazakii in unprocessed ready-to-eat (RTE) agricultural products and its behavior in 
infant formula food (IFF) treated at different temperatures were analyzed in this study. Forty seven percent, 
50%, and 57% of brown rice, pumpkin, and potato samples, respectively, had aerobic plate counts (APC) in the 
range of 4 to 5 log CFU/g. Almost all the other products had APC of approximately 2 log CFU/g. Forty two 
percent of pea samples and 21% of carrot samples tested had Enterobacteriaceae counts approximating 4 log 
CFU/g, and 44% of brown rice samples were at 5 log CFU/g. The level of Enterobacteriaceae contamination was 
<1 log CFU/g for the other products. E. sakazakii was isolated from 3/16 (19%), 4/23 (17%), 1/24 ( 4%), and 1/27 
( 4%) of IFF, brown rice, !aver, and tomato samples, respectively. DS0 and D70 values for E. sakazakii isolated 
from the foods ranged from 2 to 5 min, however, the DS0 for E. sakazakii isolated from brown rice was 6. 7 
min. The thermal inactivation of four E. sakazakii strains in rehydrated IFF was determined. At S0'C, the 
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levels of E. sakazakii decreased about 1 log CFU/g for 4-6 min and thereafter the levels remained stable. 
At 60'C, one log inactivation occurred for 4 to 8 min and further inactivation, by about 2 log CFU/g, occurred 
after an additional 20 min. The results suggest that RTE agricultural products can be contaminated with 
E. sakazakii, and that care should be taken to assure appropriate time/temperature combinations are used 
to adequately inactivate this organism in IFF. 

P4-53 Bugs in Spuds: Bacillus cereus in Mashed Potato 
NICOLA TURNER, Rosemary Whyte, Susan Kaltovei, Chris Graham, Todd Stanaway, and Andrew 
Hudson, Institute of Environmental Science and Research Limited, P.O. Box 29-181, Christchurch, 
8030, New Zealand 

Potato products prepared from dehydrated potato flakes have been implicated as the vehicle in foodborne 
illness incidents involving Bacillus cereus intoxications. This pathogen is often present in potato flakes in low 
numbers where it survives as spores, and can germinate and multiply in the rehydrated product. To assess the 
risk to New Zealand consumers, we enumerated B. cereus in potato flakes and in ready-to-eat mashed potato 
products under hot-holding conditions. Of 50 packets of potato flakes tested, eight (16%) contained B. cereus 
greater than 100 CFU/g. No sample exceeded 400 CFU/g. Of the potato portion of 44 hot-held commercial 
potato products (savory-filled potato-topped pastries, mashed potato with gravy, etc.), only two samples 
contained B. cereus greater than 100 CFU/g, a potato-topped pastry (1000 CFU/g) and a container of potato 
and gravy (120 CFU/g). The temperature of the hot-held products at purchase was usually between 40 and 
60'C. Only six (14%) achieved a safe hot-holding temperature of >60'C. To assess multiplication of B. cereus 
in this food, rehydrated potato flakes with naturally occurringB. cereus were held at 37, 42 and SO'C and 
tested at 2, 4 and 6 h. By 6 h, the number of B. cereus in potato stored at S0'C had exceeded 104 CFU/g (the 
point at which food is considered unsafe for consumption) and at 42'C the mean count was close to 106 CFU/g. 

P4-54 BT Crops and Pesticide Reduction: Economic, Environmental and Health Impacts 
FELICIA WU, University of Pittsburgh, Graduate School of Public Health, A732 Crabtree Hall, 130 
DeSoto St., Pittsburgh, PA 15261, USA 

Because biotechnology (Bt) crops such as corn and cotton are genetically modified to produce their own 
insecticides, one important benefit from planting these crops is reduction in conventional pesticide use. Reduc­
tion of pesticide applications has a number of beneficial outcomes: reduced health risk to farm laborers and to 
wildlife; improved environmental quality; and economic savings in terms of reduced material, labor, and equip­
ment costs. This study explores the benefits that are accrued through use of Bt corn in the United States, from 
reduced pesticide use. The first part of the study contains a risk assessment of the current types of pesticides 
that are used to treat lepidopteran insect pests in corn. Human and animal health impacts, and exposure to these 
pesticides, are discussed. The second part of the study evaluates the reduction of pesticide use through Bt corn 
planting in the US, and estimates the value of planting these crops in terms of improved health, environmental 
quality, and cost savings. It is found that at current levels of Bt corn planting in the U.S., the total valuated 
benefit of pesticide reduction from Bt corn is estimated at .$17.4 million (,$12.5 million to $22 million): $16.8 
million through savings in materials, labor, and equipment; $400 thousand in benefits to wildlife; and $200 
thousand in benefits to human health. Thus, the pesticide reduction afforded by Bt corn planting has significant 
economic benefits to farmers but negligible health and environmental impacts. Benefits of pesticide reduction 
through Bt cotton planting are also discussed. 

P4-55 Inactivation of Listeria monocytogenes in Ready-to-Eat Deli Salads 
SCOTT L. BURNETT, Peter W. Bodnaruk, and Jill Hollingsworth, Ecolab, Inc., 840 Sibley Memorial 
Hwy., Mendota Heights, MN 55118, USA 

The ICMSF has proposed a preventative scheme for managing microbiological hazards in foods. The 
scheme uses the concept of food safety objectives that allows equivalence of different control measures to be 
assessed. Control measures for Listeria monocytogenes contamination of ready-to-eat (RTE) deli salads can 
encompass several strategies. These include prevention of contamination prior to packaging or growth inhibi­
tion in packaged product during storage using a preservative system such as a high acid environment. This 
study evaluated the survival of L. monocytogenes in RTE deli salads in this context. A five-strain mixture of 
L. monocytogenes was inoculated into five different deli salads, consisting of coleslaw, shrimp, pasta, potato 
and bean salad. Inoculated and treated salads were stored at 5 and lO'C for 14 days. Salads were sampled 
initially then at 1, 2, 4, 7, 10 and 14 days in triplicate. Samples were analyzed for L. monocyto&enes by 
enumeration and enrichment. Studies showed that inoculated salads did not support the growth of the patho­
gen and that there were differences (P < 0.05) between salad types with respect to L. monocyto&enes survival. 
A 0.4 to 2.0 D and 0.5 to 2.0 D reduction at 5 and lO'C respectively after 14 days of storage was observed. The 
data may be used to assist manufacturers of deli salads to produce products that satisfy a theoretical food safety 
objective of <100 CFU/g at the point of consumption. 
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P4-56 Inhibition of Mict•obial Growth on HabaGUARD® Conveyor Belt Surfaces 
Luis Cediel and BONNIE B. SANDEL, ST Associates, 5 Rogers Ave., Milford, CT 06460-6436, USA 

Sanitary food contact surfaces are critical to food safety. Incorporation of antimicrobial compounds may 
help make cleaned surfaces less likely to support microbial growth. These experiments aimed to assess attach­
ment and growth of bacterial cells on commercial belting materials containing 1-IabaGUARD® antimicrobial 
additive and to assess durability of the effect. Initial laboratory experiments used new samples of belting 
materials suspended in an annular biofilm reactor through which a dilute inoculum (ca 3 x 103 CFU/mL) of 
Escherichia coli (ATCC 8739) was circulated. Tests of growth medium and belt surfaces showed that belting 
with antimicrobial supported 4,6 logs less growth in the medium and at least 4, 7 logs less growth on its surface 
relative to control, significant inhibition of bacterial attachment and of growth in the reactor, Field samples 
provided cleanability and durability measurements. During four months of use, modules from belts containing 
antimicrobial and control segments were removed directly after cleaning and examined for attached bacteria 
(aerobic plate count). While overall bacteria levels were low, counts from antimicrobial segments were lower in 
6 of 7 sets, averaging 1 log reduction and confirming that the belts were readily cleaned. Finally, field samples 
from conveyor belts that had been used in frozen food (one- and two-year) and in pork processing (one-year) 
were compared with new belting, A film of nutrient broth containing ca. 2 x 105 CFU/mL of the test organism, 
Listeria monocytogenes (ATCC 19114) or E. coli (ATCC 8739), was spread over a controlled area and incu­
bated. Microorganisms were taken up in peptone physiological saline and enumerated by pour plate. Compared 
to control, counts were reduced by 1 to >4 logs, depending on microorganism and sample, showing microbial 
inhibition that persists after extended use. 

P4-57 Consumer Attitudes towards Food Irradiation 
NATNICHA BHUMIRATANA, Christine M. Bruhn, and Lorna K. Belden, Center of Consumer 
Research, University of California-Davis, Davis, CA 95616, USA 

The purpose of this study is to determine if an educational intervention increased public understanding 
and acceptance of a controversial technology such as irradiation. Three hundred consumers participated in an 
educational program consisting of viewing an eight-min film on food safety and irradiation produced by Purdue 
University, followed by a question-and-answer period. Consumers were surveyed about their general knowledge 
and attitudes toward food safety and irradiation before and after viewing the film and participating in the 
discussion. This program increased awareness of harmful bacteria and the risk of foodborne illnesses. The 
percentage of participants expressing concern about food safety significantly increased after the program. Prior 
to the film, over half of the respondents had not heard of irradiation, and those against irradiation reported that 
they knew little about it. This indicates that the initial negative attitudes may be due to lack of information, 
and the connotation that the term irradiation creates in people's minds. After the film, most respondents were 
supportive of irradiation. The majority of respondents would choose irradiated over non-irradiated products, 
in contrast to only 18% who would initially. Almost 40% of the respondents stated that they would be willing 
to pay more for irradiated meat. The film provided important information, but people wanted more details 
as to how FDA assessed safety and the impact of irradiation on nutritional value, food safety and food quality. 
Overall, informing consumers about the risks of foodborne illness and the benefits of irradiation increases 
public acceptance. 

P5-0l A Comparative Study of VIDAS ECO and the ISO 16654 Method for the Detection 
of Eschericliia coli 0157 in Food Products 
Virginie Ewe and JEAN-LOUIS PITTET, bioMerieux, Chemin de l'Orme, Marcy l'Etoile, 69280, 
France 

This study was conducted according to ISO 16140 norm recommendations, to evaluate the efficiency of 
VIDAS ECO method for the detection of Escherichia coli 0157 in food products in comparison with the ISO 
16654 reference method. A total of 324 food samples, including 150 artificially contaminated and 17 4 uncon­
taminated products, were tested by both methods. For the ECO method, samples were pre-enriched for 6 to 7 h 
at 41 •c in m-TSB broth plus acriflavin ( dairy products) or novobiocin ( other products) and then sub-cultured 
into 9 ml of MacConkey broth for 17 to 9 hat 37°C, before testing in the VIDAS instrument. Positive samples 
were further confirmed after isolation on a chromogenic plate medium specific for O157:H7 (0157:1-17 ID). 
The VIDAS ECO method detected 145 positive samples and the ISO method 148 positive samples with an 
agreement of 95.2%. The difference between the two methods was not statistically significant. The 50% 
detection limit, established from 5 products spiked at different levels, each with a different strain of E. coli 
0157:1-17, was found to be between 0,3 and 2.2 cells per 25 g sample for both methods. This study showed 
that the VIDAS ECO method is comparable to the ISO 16654 method for the recovery of E, coli 0157 in food 
samples. In addition, it allows release of negative products within 24 h compared with 4 days for the standard 
cultural method. Furthermore, the combination of the VIDAS ECO screening method with the use of O157:H7 
ID chromogenic medium leads to a specific identification of E. coli O157:H7. 
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P5-02 A Sim})le Colorimetric Assay for Ra})id Detection of Eschericliia coli O157:H7 
LAWRENCE D. GOODRIDGE and John Willford, University of Wyoming, Dept. of Animal Science, 
1000 E. University Ave., Dept. 3684, Laramie, WY 82071, USA 

There are many methods used to detect Escherichia coli O157:H7 in food and water. However, most 
of these tests require long incubation times and sample manipulation prior to the testing process. Reporter 
bacteriophages represent a novel alternative for the detection of bacteria within food. A rapid colorimetric 
method for detection of E. coli O157:H7 was developed, based on bacteriophage T4 that was genetically 
modified to carry a beta-galactosidase gene. The assay was developed in a one-tube format. The reporter phage 
and the beta-galactosidase substrate chlorophenol red -D-galactopyranoside were included within a single test 
compartment, and separated from one another by a layer of polyethylene glycol distearate. This wax has a 
melting temperature of 37°C. When a sample to be tested was added to the compartment, the reporter phage 
infected any viable E. coli O157:H7 present within the sample, forcing the bacteria to make large amounts 
of -galactosidase. Following the infection process (approximately 1 h), the temperature of the tube was in­
creased by placing the tube in warm water, causing the polyethylene glycol distearate to melt, releasing the 
colorimetric substrate, which reacted with the beta-galactosidase to produce a visible red precipitate. The assay 
was capable of detecting 105 CFU/ml of E. coli O157:H7 within 2 to 3 h. When coupled with immunomagnetic 
separation, a detection limit of 103 to 104 CFU/ml was possible. The nature of this detection method is such 
that it effectively detects E. coli 0157 :H7 in a simple and rapid manner, without the need for instrumentation 
to interpret the test result. 

P5-03 The Envisiorn System: Magnetic Detection Technology for Eschericliia coli O157:H7 
MARK BARBOUR, Spencer Hochstetler, Charles Carver, and Melissa Shelton, Eastman Chemical 
Company, P.O. Box 1972, Kingsport, TN 37662-5150, USA 

A new assay system has been developed for the rapid detection of Escherichia coli O157:I-17 in beef 
samples. The system incorporates the use of antibody-coated superparamagnetic nanoparticles in a lateral flow 
immunoassay format. The assay devices are analyzed using a recently developed magnetic detection technol­
ogy which detects the presence of a particle's magnetic field. The assay exhibits a detection threshold of 2000 
target cells per milliliter of enrichment, which enables enhanced sensitivity and shorter enrichment times. 
The data is automatically interpreted and the result printed, eliminating potential subjectivity associated with 
conventional, visually-interpreted immunoassays. Internal and external evaluations of the new system were 
performed using low level inoculation of target in ground beef samples ranging in size from 25 to 375 grams. 
The recovery rate of the assay was compared to the USDA-FSIS reference method in an external study of 65 
gram samples inoculated with approximately 1 CFU of E.coli 0157:1-17 to obtain fractional-positive results. 
A total of fifty samples were analyzed. Five uninoculated and 20 inoculated samples were tested by each 
method. The magnetic immunoassay system detected 18 positives compared to 12 positives for the reference 
method. All positive results were culturally confirmed by the reference method. All uninoculated samples were 
negative by both methods. The data demonstrate that the new assay system is a rapid, simple and accurate 
method for detection of E. coli O157:H7 in raw beef. 

P5-04 ComJJarison of Immunomagnetic Se})aration and a Commercial Enzyme-linked Immunosorbent 
Assay for the Detection of Escherichia coli 0157 on Hides of Feedlot Cattle 
TYLER P. STEPHENS, Guy I-I. Loneragan, Ambika Sridhara, Loree A. Branham, Shankaralingam 
Pitchiah, and Mindy M. Brashears, Texas Tech University, Animal and Food Science, Box 42141, 
Lubbock, TX 79409-2141, USA 

ELISA test kits are used to detect Escherichia coli 0157 in beef products. Processors also use kits to 
detect the pathogen on hides or in feces although this is not an approved use. 'fhe objective of this study was 
to compare a commercially available ELISA test kit with immunomagnetic separation (IMS) methods to detect 
E. coli 0157 from beef hides. E. coli 0157 was detected in 1 sample out of 389 samples (0.23%) using IMS. 
These same samples were subjected to the commercial ELISA in our laboratory and in 139 samples out of 389 
samples (35.7%) a positive result for E. coli 0157 was indicated. 'l'he same samples were analyzed in another 
laboratory and 125 samples out of 345 samples (36.2%) were reported positive using the same commercial 
ELISA. The IMS data did not correlate to either of the commercial ELISA data. Even though a similar percent­
age of ELISA assays were positive in each laboratory, the agreement between the laboratories was poor (Kappa 
of 0.27). A selection of isolates from the pre-enrichment broth that tested positive as E. coli 0157 were sent 
to an outside laboratory for identification by DNA sequencing. Among the isolates that tested positive using 
this test kit were Enterobacter cowanii, Aeromonas media, Aeromonas hydrophi, Escherichia coli C3, and 
Aeromonas hydrophila. All of these organisms gave false positive results on the commercial test kit. This data 
suggests that the commercial ELISA is not useful in detectingE. coli 0157 from hide swabs when compared 
to the accepted IMS method. 
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PS-05 
DSC 

RatJid Detection of Low Numbers of Esche1·icliia coli 0157:117 in Ap1>le Cider by Real-time 

Polymerase Chain Reaction 

NANCY R. DETRANA, David A. Golden, Dario Perez Conesa, and F. Ann Draughon, University of 

Tennessee, Dept. of Food Science and Teoh., 2605 River Drive, Knoxville, TN 37996-4591, USA 

Apple cider contaminated with Escherichia coli O157:H7 has been implicated in several foodborne illness 

outbreaks, but due to the presence of reaction inhibitors, detection by PCR is often difficult. The objective of 

this study was to evaluate techniques to improve detection of E. coli O157:I-17 in apple cider using a fluoro­

genic probe-based real-time PCR assay without prior enrichment. Apple cider was inoculated with E. coli 

O157:H7 (6, 4, 2 and 1 log CFU/mL) and plated in duplicate on TSA to verify initial inocula. For particulate 

removal, apple cider (100 mL) was vacuum filtered through Whatman No.1 filter paper, followed by a 100 mL 

wash with distilled water. Filtered cider was centrifuged and pellets resuspended in 5 mL of phosphate buffer 

(0.1 M, pH 7 .2) for neutralization. The suspension was filtered a second time through Whatman No. 4 filter 

paper, washed with 5 mL distilled water, and plated in duplicate on TSA to ensure that cells were not lost 

during filtration. The filtrate was centrifuged, resuspended in 1 mL phosphate buffer, and E. coli 0157:1-17 cells 

were concentrated by immunomagnetic separation. PrepMan™ Ultra was added to the magnetic bead/E. coli 

O157:H7 complex for DNA extraction. Extracts were combined as appropriate with primers, probe, and other 

reagents, and real-time PCR was conducted. lnoculum levels of 5.9, 3.9, 2.2 and 1.5 (35 CFU) log CFU/mL 

were detected based on stxl and stx2 genes at cycle number 24, 30, 35 and 37, respectively, during a 40 cycle 

program with no prior enrichment. This method can be used for rapid detection ( ~ 5 h) of E. coli O157:I-17 

in apple cider and potentially other foods. 

PS-06 PCR Detection of Escherichia coli O157:J-17 in Ground Beef: Individual and Pooled Samples 

HONDO DAMMANN, Jeff Koziczkowski, Dorn Clark, Roy P. Radcliff, and Jay L. E. Ellingson, 

Marshfield Clinic Laboratories, Food Safety Services, 1000 North Oak Ave., Marshfield, WI, 54449, USA 

The ability to pool samples for pathogen testing is very appealing to many companies. Pooling across lots 

can reduce overall costs of testing while pooling samples within lots can increase confidence in reported 

results. Combining the Matrix Pathatrix system and the Roche Lightcycler® with hybridization probe technol­

ogy produces a rapid, accurate, sensitive testing platform that can be used for pooling samples. We tested the 

sensitivity and accuracy of this platform using Escherichia coli 0157:1-17. Ground beef (375 g) samples 

(N = 42) were enriched for 5 hat 42°C in buffered peptone water (lL). 18 samples were initially inoculated 

with E.coli O157:H7 ranging from 8 to 800 CFU. After 5 h of incubation broth/meat mixture (250ml) from 

each individual sample was tested. Broth/meat mixture (SO ml) from each inoculated sample was also pooled 
with broth/meat mixture (SO ml) from 4 non-inoculated samples and tested. When tested individually all non­

inoculated samples tested negative and 100% of the samples that were inoculated, regardless of the inoculate 

level, tested positive. When any inoculated sample, regardless of inoculum level, was pooled with 4 other 

negative samples, we detected E. coli O157:I-17 100% of the time. The combination of these two platforms 

produces an accurate and sensitive method for testing. We were able to detect initial inoculum levels as low 

as 8 CFU in both individual and pooled samples within 8 total h. Due to the accuracy and sensitivity pooling 

across lots may be a way for companies to reduce testing costs. 

PS-07 Detection of Very Low Levels of Stressed Salmonella in Food in 8 to 10 J-1 with the Alaska 
AI(-1Jhage™ Method 

Raffaella Giardino, ROY P. BETTS, Mike F. Sanders, and Paul M. Ricaud, Campden and Chorleywood 

Food Research Association, Station Road, Chipping Campden, Gloucestershire, GL55 6LD, UK 

A novel rapid microbiological method has been developed for the detection of Salmonella in food. It 

consists of four main stages: (i) resuscitation of food samples; (ii) immunomagnetic separation; (iii) bacte­

riophage lysis of target cells; (iv) detection by AK assay. (i) Several resuscitation conditions were tested; the 
protocol selected was modified Tryptone Soya Broth supplemented to reduce oxidative stress, incubation at 

41.5°0 for 6 to 8 h. (ii) Ten ml of the pre-enrichment broth are used to perform the immunoseparation. (iii) 
Felix 01 bacteriophage and 32 environmental isolates have been screened against 159 Salmonella serovars 

and 54 non-Salmonella bacteria, mainly Enterobaoteriaoeae; a cocktail of three bacteriophages was selected, 

with a sensitivity of 96.9%. (iv) The AK assay uses cell-derived adenylate kinase to convert added adenosine 

diphosphate to adenosine triphosphate for bioluminescence detection. The detection limit of the Alaska AK­

phage™ method in broth is between 102 to 103 CFU/ml. Over 400 samples of a variety of raw, processed and 

RTE food were analysed. The TVC background of the foods ranged from < 10 CFU/g to 107 CFU/g and the pH 
from 5.42 ± 0.05 to 7.56 ± 0.05. The food samples were spiked with seven different salmonellae at three levels: 

0 CFU/25 g, 0 to 5 CFU/25 g obtaining fractional recovery, and 1 to 20 CFU/25 g. Some salmonellae were heat 

stressed by incubating the pure cultures at 51.5°0 for 10 min; others were cold stressed in the food samples 

by overnight refrigerated storage. All samples were confirmed by traditional methods, and the reference ISO 

6579 method was run in parallel in half of them. As shown in our earlier work on E. coli 0157, this method 

is as effective as, or in some cases more effective than, the reference methods for the detection of Salmonella 

in food and can be performed within a working day. 
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P5-08 Application of Real-time NASBA and Molecular Beacon to the Detection of Salmonella sp. 
in Food 

Delphine 'l'olooie, Laurette Pharabet, Celine Malartre, STEPHANE BULTEAU and Claude Mabilat, 
bioMerieux, Chemin de l'Orme, Marcy l'Etoile, F69280, France 

Salmonella sp. (SLM) is one of the most common bacterial causes of foodborne illness for humans. Since 
the traditional method of detection of SLM is time-consuming, molecular testing appears as an attractive 
alternative, thanks to the rapid and specific amplification and detection of the targeted bacterial nucleic acids. 
We describe the application of the RNA amplification technology called Nucleic Acid Sequence Based Amplifi­
cation (NASBA) to the detection of SLM. A molecular beacon-based Real-Time NASBA assay was set up to be 
used with the Nuclisens EasyQ Analyser instrument. Artificially contaminated buffered peptone water enrich­
ments were treated by heat-lysis with a home-brew lysis buffer before NASBA detection. Inclusivity of our 
NASBA assay was shown on a panel of 24 serotypes (mostly S. enterica) while exclusivity was verified with 12 
non-Salmonella species. Analytical sensitivity was shown to be 10 cell equivalents of purified total RNA. This 
assay was then tested with lysates of contaminated overnight enrichments; a positive detection was obtained 
for low contamination levels (1 to 10 CFU/25 g) with a selection of foods including meat and poultry. This 
preliminary study suggests that we designed a simple and specific protocol for the molecular detection of 
Salmonella sp. in food using the Real-Time NASBA technology. 

P5-09 Next-day Detection of Salmonella sp1,. in Select Foods by DNA Hybridization Assay 
in Conjunction with Abbreviated Sample Enrichment 
Susan Alles, MICHAEL WENDORF, Heather Donohue, Linda Xuan Peng, and Mark Mozola, 
Neogen Corporation, 620 Lesher Place, Lansing, MI 48912, USA 

Abbreviated enrichment protocols have been developed that permit detection of Salmonella spp. in select 
foods by DNA hybridization assay within 26 h of the start of sample enrichment. The enrichment scheme is 
comprised of a non-selective pre-enrichment in lactose broth or buffered peptone water for 18 h, followed by 
transfer to Gram negative broth (GN) and incubation for an additional 6 h. The DNA hybridization assay, 
utilizing specific DNA probes targeted to Salmonella spp. ribosomal RNA, is performed on an aliquot of the 
final GN culture. Performance of the abbreviated method was assessed in comparison to that of reference 
culture methods (BAM or USDA-FSIS) for pasteurized egg products, cooked poultry products, chocolate, 
walnuts, dry pet food, and margarine. A total of 20 trials were conducted using food samples artificially 
contaminated with low levels of salmonellae, dessication-injured where appropriate. Of 974 samples overall, 
530 were confirmed positive by at least one method (DNA hybridization or reference culture). The overall 
sensitivity of the DNA hybridization method was 98.3%, while that of the reference culture methods was 97.5%. 
Specificity of the DNA hybridization assay was 99.6%. In separate trials, it was determined that the abbreviated 
enrichment scheme is not suitable for use with cooked poultry products preserved with nitrite. DNA hybridiza­
tion assays conducted after 24 h of enrichment yielded low detection rates, while assays performed after an 
additional 18 h incubation of the GN cultures ( 42 h total incubation time) showed detection rates equivalent 
or superior to those of the reference culture procedure. Further work is in progress to validate the abbreviated 
enrichment protocol for other food types. 

P5-10 A Recovery Study of Salmonella spp. from the Surfaces of Tomatoes and Packinghouse 
Materials 

Raina L. Allen, B. R. Warren, Douglas L. Archer and KEITH R. SCHNEIDER, University of Florida, 
359 FSHN Bldg., Newell Drive, Gainesville, FL 32611, USA 

In this study, tomatoes and packing line materials (stainless steel, polyvinyl chloride, conveyor belt, sponge 
roller and untreated oak wood) were artificially inoculated with a rifampicin resistant, 5-strain Salmonella 
cocktail. Inoculated tomatoes and packing line materials were maintained for 28 days at temperature and 
relative humidity (RH) combinations which simulated the Florida falVwinter tomato season (20°C/60%RH), the 
Florida spring tomato season (30°C/80%RH), and standard ripening room conditions (20°C/90%RH). Inocula were 
recovered from surfaces by a vigorous shake-rub method. After 28 days, Salmonella populations remained 
detectable on tomato surfaces at all three environmental conditions investigated. Inoculated Salmonella 
populations declined to undetectable levels on all packing line materials tested at Florida spring conditions 
by day 11, with the exception of the unfinished oak, which reached undetectable levels by day 21. In contrast, 
inoculated Salmonella populations declined to undetectable levels on sponge rollers and conveyor belts tested 
at falVwinter conditions by days 7 and 21, respectively. Stainless steel, polyvinyl chloride (PVC), and unfin­
ished oak surfaces supported the survival of detectable populations of Salmonella over the entire 28 day 
sampling period. Results of this study demonstrate the potential for Salmonella to persist on tomato and 
packing line surfaces at environmental conditions in Florida. 
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P5-ll A Real-time PCRAssay for the Detection of Salmonella s1>I>• in Food and Food-animal 
Matrices 

VALERIE BOHAYCHUK, Gary Gensler, Robin King, Margaret McFall, and David Renter, Alberta 

Agriculture, Food and Rural Development, 6909-116 St., Edmonton, AB, T6H 4P2, Canada 

Conventional culture methods have traditionally been considered to be the 'gold standards' for the 
isolation and identification of foodborne pathogens. However, culture methods are labor intensive and time 
consuming. We have developed a real-time PCR assay for use as a screening method for the detection of 
Salmonella spp. in a variety of food and food-animal matrices. The real-time PCR assay incorporates both 
primers and hybridization probes based on the sequence of the Salmonella invA gene and uses fluorescent 
resonance energy transfer technology to ensure highly sensitive and specific results. This method correctly 
classified 51 laboratory isolates of Salmonella and 28 non-Salmonella strains. The method was also validated 
using field samples including porcine feces and ceca, pork carcasses, bovine feces, poultry ceca and carcasses, 
equine feces, animal feeds, and various food products. The samples (3395) were pre-enriched in buffered 
peptone water followed by selective enrichment in tetrathionate and Rappaport Vassiliadis broths. Aliquots of 
the selective enrichment broths were combined for DNA extraction and analysis by the real-time PCR assay. 
When compared to the culture method the sensitivity of the assay ranged from 97 .2 to 100.0% and specificity 
ranged from 95.4 to 100.0%. Kappa values ranged from 0.87 to 1.0 indicating excellent agreement of the real­
time PCR assay to the culture method. With the high sensitivity and specificity of the assay and the reduction 
in time and labor, real-time PCR may be an excellent alternative to culture for detecting the presence of 
Salmonella spp. in a wide variety of matrices. 

P5-12 Effect of Growth Temperatures on Ra1>i<l Detection of Listet·ia 

JINGKUN LI, Strategic Diagnostics Inc., 128 Sandy Drive, Newark, DE 19713, USA 

Technologies for rapid detection of pathogens have advanced rapidly in recent years. In all methods, 
however, enrichment is still critical to successful detection of low level pathogens in foods. Enrichment media 
and temperatures are two of most important factors determining the total time required for enrichment. This 
work examined the effect of temperatures on the growth of Listeria and their detection in foods. Growth curves 
of 12 Listeria strains were obtained at 30, 35 and 42°0, respectively, with 8 different media, including tryptic 
soy broth (TSE), buffered Listeria enrichment broth (BLEE), lNM Listeria enrichment broth (lNM), Demi 
Fraser broth, and RapidchekListeria broth. Pure culture of Listeria was also inoculated in TSE in 250 ml and 
grown at various temperatures. Total counts and the minimum detection limits were determined by dilution 
plating and lateral flow strip assay. Listeria cells were also spiked in hot dog and raw ground turkey samples for 
recovery at 30 and 35'0. The results showed that growth at 35°0 and above is significantly faster than at 30°0 
or below, with at least two-h difference in first 10 h in all the media. With an initial 0.2 CFU/ml, after 24 h in 
TSE, cell levels reached 7.3 x 102, 1.1 x 108, 1.6 x 109, and 1.7 x 109 CFU/ml and the minimum detectable 
concentration for a lateral flow device was 5 x 104, 1.1 x 105, 1.8 x 106 CFU/ml, and non-detectable for cultures 
from 25, 30, 35 and 42°0, respectively. This work indicates that growth temperature plays an important role 
for efficient enrichment and detection of Listeria. 

P5-13 Validation of the Use of Composite Sampling for the Detection of Listeria monocytogenes 
in a Variety of Food Products 
WENDY A. MCMAHON, Ann M. Schultz, Ann Marie McNamara, Loralyn Ledenbach, Mark W. Carter, 
and Paul A. Hall, Silliker, Inc., 1304 Halsted St., Chicago Heights, IL 60411, USA 

The current Food and Drug Administrative sampling procedures for Listeria monocytogenes specify a 25-
gram analytical sample. Frequently cited sampling plans specify 15 to 60 analytical samples per production lot. 
Multiple test samples have the disadvantage of increasing the testing cost to food manufacturers. This study 
evaluated the effect of composite sampling on the detection of L. monocytogenes when analyzing hummus, 
surface-ripened cheese, cold-pack cheese, cream cheese, smoked salmon and blue cheese by the FDA cultural 
method and a PCR method. Composite sizes included 125 g and 375 g. Inoculation levels remained constant for 
each enrichment and targeted low levels. For each food type, 3 samples for each of 3 strains at 2 inoculum 
levels and composite size were analyzed. Composite results were compared to the non-composited, 25-g result. 
Compositing 125-g portions proved acceptable for analysis by the FDA method in all 6 food types and at the 
375-g size with 3 food types (hummus, surface-ripened cheese, cream cheese). Compositing 125-g portions 
proved acceptable in 2 of the 6 food types by the PCR method (cream cheese, smoked salmon) and at the 375-g 
size with 1 food type ( cream cheese). Detection of L. monocytogenes in surface ripened cheese and blue cheese 
may require different enrichments. Further research is recommended. 

P5- l 4 Impact of Stomaching, Pulsifying and Dilution Ratio on Growth of Listeria monocytogenes 
in University of Vermont Medium 

ZI-IINONG YAN, Lei Zhang, Jacob H. Stevens, F. A. Draughon, and Elliot T. Ryser, Michigan State 
University, Dept. of Food Science and Human Nutrition, East Lansing, MI 48824, USA 

The current USDA Listeria enrichment protocol requires that foods be enriched 1:10 in University of 
Vermont Medium (lNM), giving a detectable limit of 0.4 CFU/g. However, 125-g samples (e.g., five 25-g 
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composited samples) enriched in 1125 ml of UVM (detectable limit of 0.08 CFU/g) are now being used in 
collecting incidence data for Listeria risk assessments. In an attempt to circumvent problems associated with 
large enrichment volumes, 125-g samples of delicatessen turkey breast were surface-inoculated with a 6-strain 
L. monocytogenes cocktail to contain ~l x 103 CFU/g. After 30 min, samples were diluted 1:1 in UVM and 
processed in a Stomacher or Pulsifier for 2 min. Thereafter, sufficient volumes of UVM were added to obtain 
dilution ratios of 1:2, 1:3, 1:5, and 1:10. All enrichments were assessed for growth ofL. monocytogenes at O, 2, 
4, 6, 9, 11.5, 13.5, and 24 h of incubation at 37°C by plating on Modified Oxford Agar with generation times 
calculated using the 6 to 13.5 h time points. Generation times for the 1:2, 1:3, 1:5, and 1:10 dilutions processed 
using the Stomacher were 49.8, 49.7, 48.3, and 49.2 min, respectively; whereas the Pulsfier yielded generation 
times of 42.6, 47.5, 52.5 and 45.2 min for the 1:2, 1:3, 1:5 and 1:10 dilutions. Generation times for stomached 
samples varied by< 1.5 min, indicating that all four dilutions yielded equivalent growth. 

PS-15 Rescheduled to Pl-56 

PS-16 Comparison of Four Half-Fraser Enrichment Broths for the Detection of Listeria 
monocytogenes in Foodstuffs 
Jean-Michel Pradel, Christine Cullafroz, and JEAN-LOUIS PITTET, bioMerieux, Chemin de l'Orme, 
Marcy l'Etoile, 69280, France 

The goal of this study was to compare the performances of 4 half-Fraser enrichment broths for the detect­
ion of Listeria monocytogenes in food products with the VIDAS LMO2 method. Most of the products included 
in this study were raw products showing a high risk of contamination by L. monocytogenes. 145 food products 
were studied, which included 54 meat products ( 43 raw meat products, cooked pork meat and uncooked 
poultry), 81 dairy products (among which 69 were raw milk-based) and 10 seafood products (among which 
8 were smoked salmon). Twenty one of these products were artificially-contaminated and 124 were naturally­
contaminated or uncontaminated. Out of the 70 samples found positive with the immunoassay, 58 were found 
positive after enrichment in half-Fraser A, 35 in half-Fraser B, 32 In half-Fraser C and 36 in half-Fraser D. A 
significant difference was observed in performance with the half-Fraser broth (A) compared to the three other 
broths (B, C & D). This may be explained by factors such as the choice and quality of peptones and the purity 
and stability of the selective agents which are known to have a significant influence on fertility and/or selectiv­
ity. The presence of high levels of competitive flora in the critical products tested requires the use of a half­
Fraser broth with sufficient selectivity to promote the growth of L. monocytogenes while inhibiting competitive 
flora. In conclusion, the choice of half-Fraser should be subject to a comparative study which includes both the 
food matrices analysed in the laboratory and the detection method used. 

PS-11 Evaluation of a Novel Enrichment Broth and Chromogenic Medium for the Detection 
of Listeria monocytogenes 
PETER STEPHENS, Jonathan Cloke, Steve Sherwood, Daniel Bashford, and Sue Elsbury, 
Oxoid Limited, Wade Road, Basingstoke, Hampshire, RG24 8PW, UK 

Rapid and consistent detection of Listeria monocytogenes remains an important priority in control of food 
safety. Conventional culture methods can take 5 days for a confirmed negative result, typically involving use of 
two enrichment media, two isolation media and two plating intervals. Chromogenlc isolation media have been 
introduced that significantly improve the overall test method but little has been done to improve the enrich­
ment stage. In this study, a new enrichment medium (Oxoid Novel Enrichment Broth -Listeria; ONE Broth) 
combined with a chromogenic plating medium (Oxoid ChromogenicListeria Agar; OCLA) were compared with 
the ISO method for the detection of L. monocytogenes in naturally contaminated and spiked foods. Enrichment 
in ONE Broth followed by plating onto OCLA detected more positive samples (159/182) after a single overnight 
incubation than the Half-Fraser and Full-Fraser combination (156/182). In 153 of the samples positive by ONE 
Broth, there were consistently in excess of 100 L. monocytogenes colonies per OCLA plate compared with only 
139 samples by Half-Fraser. Direct comparisons of the growth of two strains of L. monocytogenes spiked into a 
range of foods showed that ONE Broth supported at least a ten-fold higher increase in target cell numbers than 
Half-Fraser. ONE Broth in combination with OCLA detected more positive samples than the ISO method and 
consistently generated higher numbers of L. monocytogenes than Half-Fraser. The One Broth and OCLA 
method is recommended as a rapid culture-based alternative to conventional two-part enrichment combina­
tions for the detection of L. monocytogenes. 

PS-18 Evaluation of New BBL™ CHROMagm·™ Listeria for Isolation of Listeria monocytogenes 
in Foods 

JOSEPH A. ODUMERU, Veena Hedge, and Carlos G. Leon-Velarde, University of Guelph, Laboratory 
Services Div., 95 Stone Road W., Guelph, Ontario, NlH 8J7, Canada 

The new BBL"" CHROMagar'" Listeria was evaluated for its ability to detect Listeria monocytogenes in 
various food matrices. The performance of the medium was compared to other non-chromogenic selective 
media commonly used for Listeria isolation (Oxford, Modified Oxford, and PALCAM). The sensitivity of BBL'" 
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CHROMagar'" Listeria for detection of L. monocytogenes in spiked and naturally contaminated samples from 
50 different food matrices was 99% and 100% respectively, whereas the specificity was 100% in both spiked 
and naturally contaminated samples. BBL'M CHROMagar'" Listeria produced similar colony characteristics for 
both L. monocytogenes and L. ivanovii forming a white precipitation zone (halo) around blue colonies. Since 
L. monocytogenes is a known human pathogen whileL. ivanovii Is pathogenic to animals (with some human 
cases reported), it is advantageous to be able to detect both species and use simple biochemical tests (L-Rham­
nose and D-Xylose utilization) to differentiate the two species. The sensitivity of the non-chromogenic media 
was 98-99% with some spiked samples producing negative results for L. monocytogenes. These media were 
not differential for L. monocytogenes or L. ivanovii. The use of BBL"' CHROMagar'M Listeria offers the ease 
of detecting L. monocytogenes and L. ivanovii as early as 24 h of incubation, with relatively high sensitivity 
and specificity of detection. 

P5-19 Evaluation of a New Chromogenic Media, the Ottaviani and Agosti Agar, for the Detection 
of Listeria monocytogenes in Food Products and Environmental Samples 

P5-20 
DSC 

JEAN-MARC ROCHE, Emmanuel Simond, Frarn;iois Villeval, Jean-Louis Pittet, and Virginie Ewe, 
bioMerieux, Zone d'activite des Lilas - BP 10 - 5, rue des Aqueducs, Craponne, 69290, France 

The performance of a new rapid method for Listeria monocytogenes detection using the bioMerieux pre­
poured chromogenic medium, Ottaviani and Agosti Agar (OAA), in comparison with the ISO method, has been 
validated. OAA was also compared to ALOA agar, for specific L. monocytogenes isolation as part of the ISO 
11290-1 reference method. 263 food and 72 environmental samples were tested by both the rapid OAA method 
and ISO 11290-1. For the OAA rapid method, samples were pre-enriched 24h at 30'C in half-Fraser broth. 
Then 100 µl were streaked onto OAA and incubated for 24 hat 37'C. Presumptive positive colonies (blue 
turquoise with an opaque halo) were further confirmed either by traditional tests or directly with the 
Accuprobe'" Listeria monocytogenes assay. The ISO method detected 150 positive products with OAA medium 
and 149 positives with ALOA medium. 138 of these were positive after 10 µl isolation of the half-Fraser pre­
enrichment broth on OAA medium, and 133 after isolation on ALOA. After Fraser broth enrichment, 148 
products were positive on OAA medium and 147 on ALOA. Rapid OAA detected 148 positive samples, 98% 
in agreement with ISO. In conclusion, the rapid OAA method was comparable to the ISO 11290-1/Al:2004 for 
the recovery of Listeria monocytogenes in food and environmental samples. Rapid OAA protocol allows release 
of negative products within 48 h compared with 5 days for the standard cultural method. Furthermore, the 
use of the Accuprobe Listeria monocytogenes assay allows the same day confirmation of presumptive Listeria 
monocytogenes colonies. The OAA medium also compared favourably to the ALOA medium in terms of 
sensitivity and specificity when used as part of the ISO 11290-1/Al:2004 isolation method. 

Comparison of 3M'" Petrifilm™ Environmental Listei·ia Plate vs. Standard Methods 
in Detecting Listeria from Environmental Surfaces 

ERROL GROVES and C. W. Donnelly, University of Vermont, 200 Carrigan Bldg., 536 Main St., 
Burlington, VT 05405, USA 

New Federal regulations are stressing the importance of detecting Listeria on environmental and food 
contact surfaces to eliminate contamination of ready-to-eat food products. Standard methods can take up to 
a week for results whereas the 3M'" Petrifilm'" Environmental Listeria Plate, a no-enrichment culture medium 
with a chromogenic indicator, provides results within 27 to 31 h (1). This study was conducted to evaluate the 
performance of Petrifilm'" Environmental Listeria Plates when recovering Listeria from dairy plant environ­
mental samples. Samples were taken from 68 environmental and food contact surfaces using Bacti-sponge kits 
(Hardy Diagnostics) and placed in coolers. Upon arrival at the lab, 15 ml of buffered peptone water was added 
to each sampling bag, stomached and incubated at room temperature (20°C) for 1 hour. After 1 h, 100 µl of 
the BPW was plated on Oxford for direct enumeration and 3 ml on the Petrifilm Plate and incubated at 35'C 
for 24 h and 28 h respectively. For the standard method, 1/2 of the BPW and the sponge were added to 90 ml 
UVM broth and the other 1/2 to 90 ml Listeria Repair Broth (LRB). From this point, standard FDA methods 
were followed. Listeria positive samples from the standard methods were ribotyped. Sensitivity was > 90% and 
the accuracy was > 95% for the two methods. Results indicated that 3M'" Petrifilm'" Environmental Listeria 
Plates are a time-saving alternative to standard methods. 

P5-21 Concentration of Listeria monocytogenes from Artificially Contaminated Mayonnaise-based 
Deli Salads Using Cultural and PCR Detection Methods 

JAMIE ISONHOOD, Mary Anne Drake, and Lee-Ann Jaykus, North Carolina State University, 
Dept. of Food Science, Box 7624, Raleigh, NC 27695, USA 

Rapid detection of pathogens in food has been difficult due to the necessity of large, representative 
samples, which complicate DNA extraction and PCR amplification without prior enrichment. In this study, 
we have successfully incorporated a 2-step centrifugation as a means to concentrate L. monocytogenes from 
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commercial deli salads, while eliminating much of the food matrix. DNA extraction and PCR amplif10ation 
were conducted targeting the iap (371 bp) gene and a unique region of 16S rDNA (287 bp). Growth/survival of 
L. monocytogenes in the salads was also determined. For 2-step centrifugation, mean cell recovery in order was 
potato (67%) > seafood (49%) > chicken (36%) > macaroni (34%) salad. Following 2-step centrifugation, PCR 
detection limits were 104 CFU/g for macaroni and chicken, and 103 CFU/g for potato and seafood salad using 
the lap target and the 16S target. Without sample preparation, PCR detection limits from deli salads were 10 
to 100 fold less sensitive than concentrated samples. Higher cell recoveries by cultural methods (potato= 67%, 
seafood = 49%) were correlated with improved PCR detection limits (potato, seafood 103 CFU/g). Seafood 
salad supported growth of L. monocytogenes at 25°C and cell populations remained stable at 5°C for 2 weeks. 
L. monocytgenes numbers remained stable at 25°C (48 h) and declined one log at 5°C (2 weeks) in the other 
deli salads. This study illustrates the importance of reducing food components (protein, starch, fats) in com­
plex foods such as deli salads prior to DNA extraction and PCR amplification. 

P5-22 A New Method for Next Day Detection of Listeria in Environmental Samples 
DENISE HUGHES and Selina Begum, DH MICRO Consulting, 457 Montana Road, Peelwood, 
NSW, 2583, Australia 

The objective of this study was to evaluate a new "next day" immunoassay for detection of Listeria species 
in environmental samples, the VIDAS® Listeria Species Xpress (LSX). Samples are culturally enriched for a 
minimum of 24 h in a newly formulated Listeria enrichment broth (LX broth), before testing in the VIDAS® 
instrument. Positive results are then confirmed by streaking enrichment broths onto selective agar. The study 
was designed to compare the performance of the new assay with the USDA Environmental Sponge method. Part 
1 of the study included 59 swabs from food manufacturing areas (dairy, poultry and fresh produce); of these 
naturally contaminated samples, the LSX detected 11 confirmed positives for Listeria, compared to 10 con­
firmed positives with the USDA method. In part 2, an inoculated surface study, 25 replicate areas (5 unino­
culated and 20 "low" level inoculum) were tested for each of 4 surfaces (stainless steel, plastic, rubber and 
ceramic tile). For the 100 samples tested, 52 were confirmed positive by the LSX and 46 were confirmed 
positive by the USDA method. All positive results in the LSX assay were confirmed by subculture from LX 
broth. There were no false positive results for the LSX assay. The VIDAS Listeria Express provides a very rapid, 
sensitive and convenient method for the detection of Listeria in environmental samples, allowing a presump­
tive result within 26 h of sample set up. 

P5-23 A New Method for the Simultaneous Detection of Listeria monocytogenes and Listeria Species 
in Food Products 

Celine Domingos, Aurelie Lafay, and JEAN-MICHEL PRADEL, bioMerieux, Chemin de l'Orme, 
Marcy l'Etoile, France 

The goal of this study was to verify the performance of VIDAS Listeria DUO, a new automated immunoas­
say which allows the simultaneous detection of Listeria monocytogenes (LMO) and Listeria species (LIS) in 
food products. Food samples were culturally enriched in a 2-step enrichment including a specific Listeria 
enrichment broth (LX broth), prior to VIDAS detection. The VIDAS reagent includes monoclonal antibodies 
directed specifically against a soluble LMO antigen and monoclonal and polyclonal antibodies directed specifi­
cally against Listeriaflagellar antigens. The reagent performed satisfactorily when tested with pure cultures as 
the 30 LMO strains tested positive, the 38 Listeria non monocytogenes strains tested negative in the LMO 
response and positive in the LIS response and the 20 non-Listeria strains tested negative in both responses. 
161 food products, including 69 meat products and 92 dairy products (mainly raw milk-based) were studied 
by the new method in comparison with the cultural reference method ISO 11290-1/Al:2004. Overall, for the 
161 samples tested, the Listeria DUO method detected 21 confirmed positives for L. monocytogenes and 38 
confirmed positives for Listeria spp., compared to 18 and 32 positives respectively, with the reference method. 
There were no false positives for the Listeria DUO assay. The new method compared favourably with tradi­
tional method in sensitivity and specificity. Furthermore, it allows the detection of both L. monocytogenes and 
Listeria spp. in a single test and it requires only 2 days for negative or presumptive positive results compared 
to 4 days for the traditional method. 

P5-24 A Com1>arative Study of VIDAS LSX Method for the Next Day Detection of Listeria sp. 
in Food Products and the ISO 11290-1 Reference Method 
Peggy Noel and BERENGERE GENEST, bioMerieux, Chemin de !'Orme, Marcy l'Etoile, 69280, 
France 

We describe the results of an inter-laboratory study of the VIDAS LSX immunoassay method for the 
detection of Listeria sp. in food products, in comparison with the ISO 11290-1 reference method. For the LSX 
method, samples were pre-enriched for 22 to 24 h at 30°C in LX broth. 3 ml of this pre-enrichment were then 
inoculated into 6 ml of LX broth for 6 to 8 h at 30°C, before testing in the VIDAS instrument. Presumptive 
positive samples were further confirmed after isolation onto a selective agar medium (PALCAM agar or a 

146 - Journal of Food Protection Supplement 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/sp1/1/1678616/0362-028x-68_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

chromogenic agar which differentiates Listeria monocytogenes from other Listeria species). 790 food products 
(197 meat products, 242 dairy products, 191 vegetable products and 160 miscellaneous products) were tested 
by the two methods in three different laboratories. A total of 330 products were found positive (149 naturally 
contaminated and 181 artificially contaminated products). The LSX method detected 308 positive samples 
(sensitivity 93.3%) and the ISO method 290 positive samples (sensitivity 87 .9%) with an agreement of 92.2%. 
1'he difference observed between the two methods was not statistically significant. In this study the VIDAS LSX 
method compared favourably to the ISO 11290-1 method for the recovery of Listeria sp. in food products. In 
addition it allows release of negative products within 30 h compared with 5 days for the standard cultural 
method. Moreover, the combination of the VIDAS LSX screening method with the use of a chromogenic plate 
medium, for confirmation of positive samples, can lead to the rapid identification of Listeria monocytogenes. 

P5-25 Evaluation of Epidemiological Relevance of Multi-Virulence-Locus Sequence 1)r1>ing 
for Listeria monocytogenes 

YI CHEN, Natasha Brooks, and Stephen Knabel, Penn State University, 118 Borland Lab, University 
Park, State College, PA 16801, USA 

Multi-Virulence-Locus Sequence Typing (MVLST) was proven to have higher discriminatory power and 
lower cost than PFGE for molecular subtyping of Listeria monocytogenes in a previous study. However, the 
ability of MVLST to investigate L. monocytogenes outbreaks ( epidemicological relevance) has not been 
evaluated. To evaluate the epidemiological relevance of MVLST for L. monocytogenes, randomly selected 23 
L. monocytogenes non-outbreak isolates and 18 isolates from 4 major L. monocytogenes outbreaks (1985-
2002) were subjected to MVLST. Isolates from each outbreak were clustered and non-outbreak isolates were 
distinguished from outbreak isolates. This study supports the potential use of MVLST as a routine approach for 
epidemiological investigation of L. monocytogenes outbreaks. 

P5-26 Integrating Tangential Flow Filtmtion with Ra1>id Tests for Detection of Escherichia coli 
0157:H7, Salmonella and Listeria monocytogenes in Large Volumes of Spent Sprout 
Irrigation Water 

TONG-JEN FU, Karl Reineke, Thomas Krupinski, Olif VanPelt, Nicole Maks-Warren, Brian Parisi, 
and Peter Slade, FDA, 6502 S. Archer Road, Summit-Argo, IL 60501, USA 

Microbiological testing of spent sprout irrigation water has been recommended as part of an overall 
strategy to enhance the safety of sprouts. However, the extra cost required for the testing has hindered the foll 
implementation of this recommendation by the industry. Sample pooling has been proposed to lower the cost 
of testing. However, there is concern that pooling may reduce the detection efficiency due to dilution of target 
pathogens. One way to alleviate this problem is to institute a sample pre-concentration step that would allow 
the entire pooled sample to be analyzed by a single test. We have developed a tangential flow filtration (TFF) 
system capable of concentrating 10 L of sprout water by 100 fold within 2 h. This study examines the feasibility 
of integrating TFF sample pre-concentration with existing rapid tests for detection of low levels of Escherichia 
coli 0157:1-17, Salmonella and Listeria monocytogenes in large volumes of sprout water. Two aspects of system 
performance were evaluated. The first was to determine whether the increase in background microflora in the 
concentrated samples affects the enrichment and subsequent detection of target pathogens by commercial 
tests, and the second was to determine the lowest level of pathogens that the system can recover. All the test 
kits evaluated were able to detect the presence of 1 CFU of the target pathogens in 10 ml of concentrated 
samples (corresponding to 1 L of sprout water sample prior to filtration). Recovery studies showed that as few 
as 10 CFU of Salmonella can be recovered from 10 L of sprout water. These results suggested that incorpora­
tion of TFF could improve the detection limit of existing rapid tests to 1 CFU/L and thus allow the testing of 
10 L of sprout water with a single test. 

P5-27 Evaluation of an Automated Immunomagnetic Se1>aration System for Selective Isolation 
of Esche1·ichia coli 0157, Salmonella and Listeria monocytogenes from Inoculated S1>ent 
Sprout Irrigation Water 

Nicole Maks-Warren, Brian Parisi, Peter Slade, and TONG-JEN FU, FDA, 6502 S. Archer Road, 
Summit-Argo, IL 60501, USA 

The isolation of target pathogenic organisms from sprouts or spent sprout irrigation water is often difficult 
due to the high level of background microflora and other interfering substances present in the samples. 
Immunomagnetic separation (IMS) technology has been increasingly used for the selective isolation of patho­
gens from complex food matrices and culture enrichments. An automated IMS system (Pathatrix system from 
Matrix Microscience) has become commercially available and has been performance certified by the AOAC 
International for detection/isolation of Escherichia coli 0157 :H7, Salmonella spp. and Listeria spp. at levels of 
1 cell/25 g. In this work, the efficacy the Pathatrix system to selectively isolate E.coli 0157:1-17, Salmonella 
and L. monocytogenes from spent irrigation water collected during sprouting of alfalfa seeds was evaluated. 
To test the feasibility of combining sample pre-concentration with IMS for pathogen detection in greater 
volumes of sample, sprout water that has been pre-concentrated 100 fold was also included in the evaluation. 
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Twenty-five ml of un-concentrated and concentrated sprout water was inoculated with 0, 1, 10, and 10° CFU 
of the pathogens and subjected to the enrichment and capture protocols recommended by the manufacturer. 
The efficacy of the Pathatrix system was determined by plating the IMS beads after capture on selective media 
and looking for typical colonies. Using the recommended enrichment protocol, the system was able to isolate 
Salmonella and L. monocytogenes from sprout water inoculated at levels of 10 CFU or higher per 25 ml but 
failed to isolate E.coli O157:I-17 due to interference from background flora. Modifications of the enrichment 
protocol could improve the detection limit for Salmonella and L. monocytogenes to as few as 1 CFU per 25 ml 
for both unconcentrated as well as concentrated samples. In summary, with modified enrichment protocols, 
the combination of sample pre-concentration with IMS could allow the selective isolation of Salmonella and 
L,. monocytogenes from sprout water at levels as low as 1 CFU per 2.5 L. 

PS-28 Evaluation of a Novel Sample Pooling Strategy for High Volume Screening and Detection 
of Escherichia coli 0157, Salmonella spp. and Listeria sp}l. in Food 
ADRIAN PARTON, John Murray, Nicole Prentice, Michael Scott, and Phillip Coombs, Matrix 
MicroScience, Lynx Business Park, Fordham Road, Newmarket, Cambridgeshire, CBS 7NY, UK 

We describe the development of a sample pooling strategy for the screening and detection of Escherichia 
coli 0157, Salmonella and Listeria that enables rapid screening of samples for presumptive positives. The 
principle of the technique involves the simultaneous screening of 5 samples, with the ability to rapidly re-test 
individual samples within the pool within 1 to 2 h to identify individually positive samples. A novel high sample 
volume (analyses 250 ml samples) Immunomagnetic Separation (IMS) system called Pathatrix was used to 
capture and concentrate the pathogens from the pooled samples (5 x 50 ml individual sample enrichments) 
and this concentrate was then analysed by, agar plating, PCR and in the case of Salmonella a colorimetric 
assay called Colortrix. Only 1 of the 5 samples in any pooled sample was positively inoculated at low levels 
(1 to 10 CFU/25 g) to provide the toughest challenge to the system. For the Salmonella study a total of 103 
samples pooled samples (represents 515 individual samples) were analyzed using the Pathatrix+ agar plating, 
PCR and Colortrix methods. For the Listeria study a total of 140 samples pooled samples (represents 700 
individual samples) were analyzed using the Pathatrix + agar plating and PCR methods. For the E. coli 0157 
study a total of 24 pooled 375 g samples (represents 120 individual samples) and 7 un-pooled samples were 
analyzed using the Pathatrix+ agar plating and PCR. Data for all 3 pathogens analyzed indicated that Pathatrix 
pooling could provide the food industry with a rapid and cost-effective tool for the screening a,nd detection of 
pathogens. 

PS-29 Multiplex PCR for Simultaneous Detection of Salmonella spp., Listeria monocytogenes, 
and Eschericliia coli 0157:H7 in Meat Samples 
SUSUMU KAWASAKI, Naoko Horikoshi, Yukio Okada, Kazuko Takeshita, Takashi Sameshima, 
and Shinichi Kawamoto, National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki, 
305-8642, Japan 

The multiplex PCR system has been considered for the simultaneous detection of pathogens since the 
expense of reagents and the preparation time are less in multiplex PCR than in systems where several tubes are 
used. In this study, we describe the development of a multiplex PCR method capable of identifying Salmonella 
spp., Listeria monocytogenes, and Escherichia coli O157:H7 directly from enrichment culture of meat 
samples. In addition, we have evaluated the optimization of pre-enrichment medium, DNA extraction method 
and the multiplex PCR setting. Detection sensitivity of this method showed that DNA from 103 CFU/mL of each 
pathogenic bacteria could be detected. When this protocol was used for the detection of each of the above 
pathogenic bacterium in spiked pork samples, 10° cells/25 g of inoculated sample could be detected within 
30 h. Also in the samples of naturally contaminated meat, Salmonella spp., L. monocytogenes, and E. coli 
O157:H7 were detected by the same time period. Excellent agreement of the results of multiplex PCR with 
that of conventional culture method suggests that the multiplex PCR is a reliable and useful method for rapid 
detection of Salmonella spp., L. monocytogenes, and E. coli O157:I-17 contamination in meat products. In 
conclusion, the multiplex PCR assay described in this study for the simultaneous detection of Salmonella spp., 
L. monocytogenesis, and E. coli 0157:1-17 is capable of detecting as few as 1 CFU/25 g of any of these organisms 
in raw meat after enrichment cultivation for 24 h. 

PS-30 PCR-based Fluorescent Method for Rapid Detection of Campylobacter jejuni, Salmonella 
Ty1Jhimudu111, Eschericliia coli 0157:H7, and Listeria monocytogenes in Poultt-y Samples 
HONG WANG, Yanbin Li, and Michael Slavik, University of Arkansas, 0-320 Poultry Science, 
Fayetteville, AR 72701, USA 

A DNA binding fluorescence method based on polymerase chain reaction (PCR) products was evaluated 
for rapid detection of Campylobacter jejuni, Salmonella Typhimurium, Escherichia coli 0157:1-17, and Listeria 
monocytogenes in poultry samples. Samples of chicken carcasses and ground turkey were separately inocu­
lated with C. jejuni, S. Typhimurium, E.coli 0157:1-17, or L. monocytogenes to obtain final concentrations of 
10° to 105 CFU/ml. One ml of each sample was used to get the DNA template and 5 micro-liter of the sample 
template was added into 25 micro-liter of SYBR Green PCR Master Mix and two specific primers Cl, C4 

148- Journal of Food Protection Supplement 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/sp1/1/1678616/0362-028x-68_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

(C. jejuni), S29, S30 (S. Typhimurium), UidAa, UidAb (E. coli O157:H7), or FP, RP (L. monocytogenes). The 
negative control was the same except 5 micro-liter of each wash solution was added instead of 5 micro-liter 
sample template. The reaction was carried out in a thermocycler. Finally, the fluorescence signal of each PCR 
product was measured using a fluorometer. The PCR products were also confirmed by ethidium bromide 
agarose gel. The results showed that when bacterial cells increased from 0 to 2 CFU/ml, the fluorescence signal 
increased significantly. The PCR-based fluorescence method could detect the target bacteria in min after 
PCR amplification compared to h by gel electrophoresis and also could be done at an earlier time during PCR 
amplification. The detection limit of this method for the poultry samples was 5 CFU/ml for C. jejuni and 2 CFU/ 
ml for alls. Typhimurium, E.coli O157:H7, andL. monocytogenes without any enrichment. 

P5-31 Nanobeads-based Biosensor for RaJJid Detection of Pathogenic Bacteria in Poultry and Meat 
Samples 

YANBIN LI, Qian Sun, Madhukar Varshney, and Hong Wang, University of Arkansas, 0-411 Poultry 
Science Bldg., Fayetteville, AR 72701, USA 

Magnetic nanobeads were coated with specific antibodies and used in both separation and detection of 
target pathogens in poultry and meat samples by use of an impedance immunosensor. Antibodies were immobi­
lized on the surface of the magnetic nano beads by use of streptavidin and biodin conjugation technique. 
Salmonella Typhimurium or Escherichia coli O157:H7 were artificially inoculated into poultry and meat 
samples. After the sample was mixed with the magnetic immuno-nanobeads, target pathogens were separated 
by applying a magnetic field and washing away the rest. Then the magnetic nanobeads were sent to the 
biosensor, consisting of a gold microelectrode in a flow cell and an impedance detector. The microelectrode 
was immobilized with specific antibodies by the protein A method to capture the target pathogen bond with the 
magnetic nanobeads. The impedance value of the target pathogen with nanobeads was measured at 10 kHz and 
was correlated to the cell number of target pathogens in the food sample. The results showed that the magnetic 
immuno-nanobeads-based impedance immunosensor could detectE. coli O157:H7 andS. Typhimurium in 
poultry and meat samples with a detection limit of 2 x 102 cells in 1 h. The detection range was from 102 to 106 

cells/ml with a linear calibration line. The biosensor showed its advantages in highly efficient separation, 
sensitive detection, and enhanced automatic operation for detection of foodborne pathogens. 

P5-32 Detection of an Array of Foodborne Pathogens by Use of Universal Primers and Specific 
Oligoprobes 

BLANCA ESCUDERO, Doris I-I. D'Souza, and Lee-Ann Jaykus, North Carolina State University, 
Dept. of Food Science, 1008 Flex Bldg., 1575 Varsity Drive, Raleigh, NC 27695, USA 

Food safety and security are of continuing concern throughout the world. Unfortunately, most pathogen 
detection methods are designed to test for a single organism per assay. The purpose of this research is to 
develop methods aimed at detecting multiple pathogenic organisms in a single assay. The general approach 
employs non-specific bacterial concentration from the sample matrix followed by specific detection and 
endpoint confirmation with nucleic acid amplification coupled with oligonucleotide array hybridization. In 
this phase of the study, we used universal primers to amplify an approximate 1.5 kb product of the 16s rRNA 
bacterial genome. PCR amplification conditions were optimized for Escherichia coli O157:H7, E. coli DHS-, 
Salmonella enterica serovar Enteritidis, Listeria monocytogenes, Vibrio vulnificus and Shigellajleocneri. 
Detection limits by gel electrophoresis were 103- 104 CFU/ml for various strains of E. coli; 102 CFU/mL for 
S. enterica serovar Enteritidis and L. monocytogenes; and 103 CFU/ml for V. vulnificus and S. jleocneri. 
Specific digoxigenin-labeled oligoprobes and dot blot hybridization were used to confirm Salmonella and 
L. monocytogenes amplicons, with improvement in detection limits to 101 CFU/ml. The specificity of these 
probes was confirmed by testing against amplification products obtained using the universal primers as applied 
to a variety of foodborne bacteria. Studies continue to identify internal oligoprobes to confirm 16S rDNA 
amplicons from other foodborne pathogens, and to develop an oligonucleotide array approach for multiple 
pathogen detection/confirmation. Methods based on the use of universal amplification primers can have 
advantages, including the ability to detect multiple bacterial targets in a single assay. 

P5-33 Rescheduled to P2-02 

P5-34 Adaptive ResJJOnse to Environmental Stresses by Oampylobacter jejuni 

Y. MA, I. Hanning, I-I. Wang, and M. Slavik, University of Arkansas, Poultry Science Center, 
Maple Ave., Fayetteville, AR 72701, USA 

Campylobacter jejuni is one of the leading causes of acute bacterial gastroenteritis in humans. Poultry has 
been implicated as a possible source of C. jejuni in human infection. During poultry processing, C. jejuni may 
encounter different kinds of environmental stresses and C. jejuni cells surviving may become stress hardened. 
To determine the survival and adaptive responses of C. jejuni to environmental stresses, laboratory strains of 
C. jejuni were exposed to sub-lethal stresses of different pH values, different atmospheres, or starvation in 0.lM 
PBS to induce any adaptive stress response. After the stressed cultures were allowed to recover, both the non-
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stressed and stressed cultures were exposed to the same stresses or different stresses. The CFU/ml of each 
culture was determined and survivor plots constructed. Results indicate that some C. jejuni isolates form an 
adaptive tolerance response to high acid and aerobic environments. Acid and aerobically stressed cells were 
able to survive homologous stress twice as long (100 min) as non-stressed cells. After being exposed to acid 
and aerobic stress, some C. jejuni did not have protection from further starvation stress. These results indicate 
stressed isolates may survive further stress in the form of passage through the human gastrointestinal tract 
better than non-stressed isolates. Comparing the ability of pre-processing and post-processing isolates to 
survive environmental stress will be the focus of continuing research. 

P5-35 Highly Virulent Campylobacter jejuni in Retail Raw Chicken Carcass Rinses 
RAMAKRISHNA NANNAPANENI, Robert Story, Keith C. Wiggins, and Michael G. Johnson, 
University of Arkansas, Dept. of Food Science, 2650 N. Young Ave., Fayetteville, AR 72704, USA 

Campylobacter jejuni were easily obtained by direct plating of rinses from retail raw chicken carcasses 
and such randomly collected C. jejuni isolates were tested for virulence against Caco-2 cells. Confluent Caco-2 
cell monolayers in 24-well tissue culture plates were exposed to 108 CFU/well of Campylobacter jejuni for 2 h 
to allow infection of Caco-2 cells, followed by treatment with 120 µg/ml gentamicin for 2 h to kill extracellular 
Campylobacter cells. After gentamicin removal and wash step, Caco-2 cells were then direct plated on Bolton 
agar to recover intracelluar 0. jejuni from Caco-2 infection. The majority of the 0. jejuni isolates tested 
successfully infected target Caco-2 cells within 2 h after challenge. As many as 103 to 104 CFU/well of intra­
cellular C. jejuni were recovered from Caco-2 cells which were challenged with 107 to 108 CFU/well of spiral 
cells of 0. jejuni isolates. Under the same test protocol, only two of the 22 isolates of C. jejuni tested from retail 
raw chicken carcass rinses were found to be weakly virulent, yielding less than 102 CFU/well of intracellular 
C. jejuni from Caco-2 infection. These results indicate predominance of highly virulent 0. jejuni in rinses from 
retail raw chicken carcasses using the Caco-2 invasive assay. 

P5-36 Cross-contamination and Enhanced Attachment to Chicken Skin by Campylobacter jejuni 
Biofilm Isolates 

P5-37 

DSC 

I. HANNING, C. Gilbert, X. Liu, A. O'Leary, H. Wang, Y. Ma, and M. Slavik, University of Arkansas, 
Poultry Science Center, Maple Ave., Fayetteville AR 72701, USA 

Oampylobacter jejuni is a primary cause of diarrheal associated foodborne illness. Our research focused 
on investigating any enhanced attachment to processing materials and chicken skin by Oampylobacter jejuni 
biofilm isolates versus planktonic isolates and survival under processing conditions. Over 150 C. jejuni isolates 
from chicken carcasses, turkey carcasses and humans were screened for biofilm formation, using a 96-well 
plate assay. Three biofilm and three planktoinc isolates were chosen. Using a 24-well plate, isolates were 
cultured with 1.5 cm2 stainless steel, plastic, or rubber coupons or chicken skin in a low temperature, low 
nutrient, or chlorine concentration (20 ppm) environment. After 48 h, two coupons were removed and stained 
for direct microscopic observation. The other coupons were rinsed and vortexed with glass beads to remove 
biofilms. Chicken skin was also rinsed and vortexed but without glass beads. Plates were made of the rinses and 
counted to determine the number of attached cells. Results indicated an enhancement in attachment (two logs) 
to the chicken skin and stainless steel by biofilm formers over planktonic isolates. Biofilm formers attached 
to plastic better than to rubber. In addition, biofilm formers were able to survive processing conditions of low 
nutrients and chlorine exposure better than planktonic isolates. C. jejuni biofilm formation and survival under 
poultry processing conditions may be possible and may be a source of cross contamination. 

Identification of Campylobacter Isolates from Farms by PSTL Ribotyping 
WILLIE TAYLOR, Harry Richards, Philipus Pangloli, Steven P. Oliver, David A. Golden, and F. Ann 
Draughon, University of Tennessee, 2605 River Drive, Room 100, Food Safety Bldg., Knoxville, TN 
37996,USA 

The objective of this study was to use automated ribotyping to determine the feasibility of using the 
Qualicon Riboprinter to identify Oampylobacter in farm animal isolates. A total of 122 Oampylobacter isolates 
were randomly selected from 332 isolates confirmed as C. jejuni, 0. coli, or 0. lari (2002 to 2004). Isolates 
were obtained from 5 production facilities (swine, chicken, turkey, dairy and beef farm) in 5 geographical 
lo'cations (Tennessee, Alabama, North Carolina, California, and Washington State). Oampylobacter isolates 
were analyzed by use of the DuPont Qualicon's RiboPrinter® Microbial Characterization System with the Pstl 
restriction enzyme. Three ATCC reference strains (C. jejuni 29428, C. coli 43133 and C. lari 35221) were also 
analyzed. The ribotype pattern for each isolate was automatically compared to all Oampylobacter RiboPrint 
patterns stored in the RiboPrinter® database, which included 135 isolates of C. jejuni, 24 of 0. coli, 11 of 
0. lari, 6 of 0. jejuni subsp.jejuni, and 1 of 0. jejuni subsp. doylei. Only 9 of the 122 (7.4%) animal isolates 
and 0. coli ATCC 43133 had DuPont identification threshold similarity of> 0.85 and were automatically 
identified by ribotyping. One-hundred and thirteen of the isolates (93%) evaluated in our study had DuPont 
identification threshold similarity of< 0.85 and had to be identified manually by DuPont Qualicon's Manual 
DUP identification criteria. The DuPont Qualicon database is a work-in-progress and identification of C. jejuni, 
C. coli, and 0. lari isolates from farm samples will require addition of farm isolates to the database before 
accurate identification of thermophilic Oampylobacter species from farms can be expedited. 
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P5-38 A Multiplex PCR Assay for 81,eciating Oampylobacter coli and Oampylobacter jejuni Stmins 
by Partial Sequencing of Virulence Genes 

RAJESH NAYAK, Tabitha Stewart, and Mohamed Nawaz, FDA-NCTR, Div. of Microbiology, 3900 
NCTR Road, Jefferson, AR 72079, USA 

Campylobacter coli and C. jejuni are common causes of gastroenteritis in humans. The objective of this 
study was to utilize a multiplex PCR assay for concurrent detection of Campylobacter spp. and C. coli or 
C. jejuni, using probes derived from virulence genes cadF and ceuE and an undefined gene. A total of 97 
Campylobacter strains, isolated from turkey litter (n = 7 4), chicken livers (n = 15) and clinical (n = 8) samples, 
were speciated using the PCR-based assay. PCR amplification of the isolates identified a 400-bp cadF gene, 
conserved in Campylobacter species, an 894-bp ceuE gene, specific for C. coli, and a 160-bp oxidoreductase 
gene, specific for C. jejuni. The ~35 KDa cadF adhesion proteins allow Campylobacter to bind to the intestinal 
epithelial cells and the 37 KDa ceuE lipoproteins are involved in siderophore transport. Sequencing and BLAST 
search of the 160-bp undefined gene yielded a 67% protein identical match with a gene encoding an oxidore­
ductase subunit in C. jejuni. The specificity of the assay was validated on 36 non-Campylobacter strains 
(11 Gram-positive and 25 Gram-negative bacteria). The PCR assay identified 59% of turkey and 4 7% of chicken 
isolates as C. jejuni, and 41% of turkey and 53% of chicken isolates as C. coli. All human isolates were identified 
as C. jejuni. The specificity of this assay to detect C. coli or C. jejuni, by concurrent detection of the 400-bp 
(cad2B) and 894 (ceuE) or 160-bp band was 97%. Rapid identification of Campylobacter spp. can be vital in 
the treatment of campylobacteriosis. 

P5-39 Effect of Freeze-stress on Enrichment, Isolation, and Virulence of Plasmid-bearing Virulent 
Yersinia ente1·ocolitica in Pork Chops 

SAUMYA BHADURI, USDA-ARS-ERRC, Microbial Food Safety Research Unit, 600 E. Mermaid Lane, 
Wyndmoor, PA 19038, USA 

Relatively little is known concerning the ability of plasmid-bearing virulent Yersinia enterocolitica (YEP•) 
to adapt to freeze stress conditions in raw pork products. Furthermore, the ability to isolate/detect low levels 
of YEP+ in pork that is frozen prior to testing may be hindered. Therefore, the influence of freeze-stress at -20"0 
on the enrichment, isolation, detection, presence of virulence plasmid, and expression of virulence of YEP• 
inoculated on pork chops (PC) was assessed. The PC artificially contaminated with 10, 1, and 0.5 CFU/cm2 of 
YEP• (strain GER 0:3) were placed in sterile petri dishes at -20'0 for 24 h. The PC were swabbed when frozen, 
and after thawing at room temperature (RT) and 40'0. Swabs were enriched in modified trypticase soy broth 
containing yeast extract and bile salts at 120'0 for 24 h, and then again incubated for 24 h after the addition 
of 4 µg/ml of Irgasan. The YEP• were isolated by Congo red (CR) binding on CR brain heart infusion agarose 
(CR-BI-IO), and the presence of virulence plasmid was assessed by the appearance of red pinpoint colonies 
showing low calcium response (Lor) and CR binding. The YEP• were isolated under all conditions on PC 
inoculated with 10 CFU/cm2 and at a level of 1 CFU/cm2 when thawed at RT and at 4'0 but not from frozen PC. 
The YEP+ was not isolated from PC inoculated with 0.5 CFU/cm2 and then frozen, whereas YEP• were recovered 
at this level from PC not subjected to freezing. Results of a multiplex PCR targeting the chromosomal ail gene 
and a plasmid-associated virF gene further confirmed that YEP• isolates from CR-BI-IO possessed the virulence 
plasmid. Moreover, multiple in vitro virulence assays including dye binding, Lor, autoagglutination, and 
hydrophobicity indicate that these freeze-stressed isolates are potentially capable of causing foodborne illness. 

P5-40 Loss of Virulence by Ye1-sinia enterocolitica under Various Environmental Conditions 

Diana Stewart, Karl Reineke, and MARY LOU TORTORELLO, FDA, 6502 S. Archer Road, 
Summit-Argo, IL 60501, USA 

Most Yersinia enterocolitica strains isolated from natural environments are avirulent, and it has long been 
recognized that growth at high temperatures can lead to loss of virulence. In this study, we measured loss of 
virulence during long-term storage of cells under various environmental conditions. Virulent Y. enterocolitica 
cells were inoculated into water, peptone water, various concentrations of salt and sucrose in peptone water, 
and milk and incubated at 4°0, 25°0 and 35'0. At various time intervals, samples were withdrawn and plated 
onto Congo Red (CR) agar, and the proportion of CR binding cells in the population was assessed. A multiplex 
PCR for the plasmid-associated virulence determinant yadA and 168 rDNA was used as a confirmation for 
virulence of colonies. The proportion of virulent cells in the population remained stable during storage in water 
at 4 °0 and 25'0 for up to 6 months. In peptone water, growth at 4 'C did not alter the proportion of virulent 
cells, but the population lost virulence over time at 25'0 and at 35°0. The presence of up to 10% salt or 20% 
sucrose did not affect the rate of loss of virulence at 25'0. The ratio of virulent cells did not change appreciably 
during growth in milk at 4'0 or at 25'0; however, growth in milk at 35'0 caused a rapid loss, with virulent cells 
comprising less than 10% of the population within 3 weeks. These data will be useful in quantitative assess­
ments of the risk of Y. enterocolitica in foods and natural environments. 
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P5-41 Comparison of Survival of Yersinia enterocolitica and Yersinia pestis under Various 
Environmental Conditions 

P5-42 
DSC 

Karl Reineke, Diana Stewart, and MARY LOU TORTORELLO, FDA, 6502 S. Archer Road, 
Summit-Argo, IL 60501, USA 

Deliberate contamination of foods with potential agents of bioterrorism is of concern, but there is a lack of 
data that describe the behavior of these agents in food. Although much is known about the survival of Yersinia 
enterocolitica in food, little information is available about the behavior of its close relative and potential agent 
of bioterrorism, Yersinia pestis. In this study, we compared long-term survival of Y. enterocolitica and an 
a virulent strain of Y. pestis under different temperatures ( 4 'C, 25'C and 35'C), during nutrient limitation 
(water vs. peptone water) and in varying salt (0 to 15%) and sucrose (0 to 60%) concentrations. Washed, 
stationary phase cells of each species were inoculated into liquid media at approximately 104 CFU/ml, incu­
bated, and at various time intervals, samples were withdrawn and plated onto tryptic soy agar to assess 
population levels. In general, Y. pestis was shown to be more sensitive to environmental stresses than Y. entero­
colitica by demonstrating faster declines in population levels. In water, Y. enterocolitica maintained stable 
population levels for up to 6 months at 4'C and 25'C but declined within a month at 35'C, while Y. pestis 
showed increasing inactivation rates at 4'C, 25'C and 35'C, Y. pestis was more rapidly inactivated by increas­
ing salt or sucrose concentrations than Y. enterocolitica. These data will be helpful for assessing the use of 
Y. enterocolitica as a surrogate for Y. pestis and for risk assessments in potential contamination events. 

Production and Characterization of Monoclonal Antibodies against Olostridium perjringens 
Alpha Toxin 

ZHENG-YOU YANG, Won-Bo Shim, and Duck-Hwa Chung, Gyeongsang National University, 
Div. of Applied Life Science of Graduate School, Chinju, Gyeongnam, 660-701, Korea 

Clostridium perfringens phospholipase c (PLC), commonly known as alpha toxin, is the lethal, 
dermonecrotic toxin produced by all Clostridium per.fringens strains and is considered a major virulence 
factor in clostridial myonecrosis. In this study, hybrodomas secreting monoclonal antibodies specific for 
Clostridium perfringens type A alpha toxin were produced by fusion of SP2/O myeloma cells with spleen cells 
from BALB/c mice immunized with alpha toxoid. Fifteen ELISA-positive hybridomas were selected and cloned 
twice by limiting dilution. These hybridomas were then grown as ascitic tumors in mice, and monoclonal 
antibodies were purified from the ascites fluids with ammonium sulfate. The antibody activity was evaluated 
by antigen-binding activity in ELISA, by immunoblot assay. These antibodies have sensitivity and specificity, 
and show promise for application to detection of alpha toxin produced from the foodborne pathogen 
Clostridium perfringens. 

P5-43 Influence of Four Retail Foodservice Cooling Methods on the Behavior of Olostridium 
perfringens ATCC 10388 in Turkey Roasts following Heating to an Internal Temperature 
of 14'C 

DAVID OLDS, Aubrey Mendonca, Jeannie Sneed, and Bledar Bisha, Iowa State University, 
31 MacKay Hall, Ames, IA 50011-1120, USA 

The influence of four foodservice cooling methods (CM) on growth of Clostridium perfringens ATCC 
10388 in cooked, ready-to-eat (RTE) turkey roasts was evaluated. Raw whole turkey roasts were inoculated 
with C. peefringens spores, vacuum packaged, and heated to an internal temperature of 74'C, The cooked 
roasts were cooled as follows: whole roast cut into 4 quarters and held at 4'C (CMl); whole roast held in a blast 
chiller (CM2); whole roast loosely wrapped and held at 4'C (CM3); and whole roasts (3 per bag) held at 4'C 
(CM4). Cooled roasts (S'C) were analyzed for C. perfringens by use of Shahidi-Ferguson perfringens (SFP) agar 
and anaerobic incubation (37°C, 24 h). None of the cooling methods met the amended 2001 FDA Food Code 
guidelines for safe cooling of potentially hazardous foods. Times taken for roasts to cool from 57'C to 21 'C with 
CMl, CM2, CM3, and CM4 were 2.27, 3.11, 6.22, and 8.71 h, respectively. Times taken for roasts (21°C) to 
reach S'C ranged from 6.33 h (CMl) to 19.45 h (CM4). No growth of C. perfringens occurred in roasts cooled 
with CMl or CM2; however, populations of the pathogen increased by 1.5 log in the single whole roast (CM3) 
and by 4.0 log in the three bagged roasts (CM4). These findings indicate that certain foodservice cooling 
methods involving refrigeration ( 4 'C) of whole cooked turkey roasts may result in proliferation of C. perfring­
ens that compromises the microbial safety of this RTE meat product. 

P5-44 Protein A, A Source of False Positive Results for Sta1,hylococcal Ente1·otoxins (SET) Detection 
in Food Products 
Christine Cullafroz, Marie-Claire Cavaud, Jean-Marc Dugua, and JEAN-LOUIS PITTET, bioMerieux, 
Chemin de l'Orme, Marcy l'Etoile, 69280, France 

Immunoassays are the most commonly used methods for enterotoxin detection in food products. For milk 
products, concentration of the food extracts is recommended to increase the sensitivity of detection. This is 
achieved either by dialysis of the food extract against a polyethylene glycol (PEG) solution or precipitation 
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with trichloroacetic acid also after purification on immunoaffinity gel chomatography. In this study, we 
compared the results of two immunoassay kits for SET detection (VIDAS SET2 and Transia Plate SET) and the 
three concentration systems previously described, on two ewes' milk cheeses which previously tested positive 
in an Industrial Laboratory.The two products were found positive by the Transia Plate reagent without concen­
tration and after concentration by PEG and immunoaffinity purification but not after TCA precipitation. These 
products tested negative by the VIDAS SET2 reagent whatever the concentration method used. The positive 
results obtained with the Transia Plate method were totally suppressed by the addition of rabbit serum into the 
concentrated food extract. Complementary analysis (gel filtration, immunoblot and protein A assay) demon­
strated that protein A was at the origin of the positive signal obtained with the Transia Plate kit. In conclusion, 
it appeared that research of SET in food products should take into consideration the presence of protein A 
synthesized by the staphylococcal organisms. The VIDAS SET2 reagent does not give false positive results due 

to the presence of Protein A. The TCA concentration method suppresses interference contrary to the PEG or 

the immunoaffinity concentration methods. 

P5-45 A Comparative Study of Methods for the Detection of Staphylococcus aureus in Food Samples 

Bettine Dijs, Sheree Rogers, and JILL GEBLER, Murray Goulburn Co-op Co. Ltd., Food Safety 

Laboratory, Yarram, Victoria, 3971, Australia 

Staphylococcus aureus are pathogenic bacteria of significance to the food industry. They are associated 
with many food intoxication outbreaks following ingestion of the enterotoxins produced by these organisms. 
The presence of S. aureus in processed foods or on food processing equipment is usually an indication of poor 
sanitation practices. Simple, rapid detection methods would aid in screening for these microorganisms. In this 
study, a rapid method, the TECRA Staphylococcus aureus Visual Immunoassay (STAVIA), was compared with 
two commonly used AOAC Reference Methods, the spread plate and MPN procedures. The study focused on 
three foods, skimmed milk powder, infant formula and whole egg powder. Each food was tested for natural 
contamination with S. aureus, and also following inoculation with the organism at low level (1 to 5 cells/g) 
and high level (10 to 50 cells/g). For each food, 36 replicate samples were tested in a blind study, which paired 
the STAVIA and the two reference methods. Results showed that the unspiked foods were not contaminated 
with S. aureus. For foods spiked at the high level, the TECRA method detected S. aureus in all 36 samples, 
while the spread plate and MPN procedures each detected 34/36 samples. For foods spiked at the low level, 
the TECRA and MPN methods were equivalent, but the spread plate method detected significantly fewer 
contaminated samples. This study shows that the TECRA STAVIA is at least as accurate as two commonly 

used standard methods for the detection of S. aureus, and provides a faster result. 

P5-46 Detection of Sliigella spp. by Selective Plating and PCR Methods after Aerobic Enrichment 

in Sliigella Broth 

LYNNE KIKUTA-OSHIMA, Ruben Zapata, Chitra Wendakoon, and Willis Fedio, New Mexico State 

University, Physical Science Laboratory, P.O. Box 30002, Las Cruces, NM 88003, USA 

The current FDA method for detecting Shigella spp. requires anaerobic incubation followed by presump­
tive and confirmatory tests that are time and space consuming. Shigellae are usually present in low numbers in 
foods and difficult to detect by conventional methods, particularly in foods with a high background microflora. 
This study was conducted to evaluate aerobic enrichment for the isolation and detection of low numbers of 
Shigella spp. from artificially contaminated Shigella broth, potato salad and cilantro rinse by selective plating 
and by PCR. To assess the suitability of aerobic enrichment, samples were cultured in Shigella Broth (SB), 
SB with 0.5% novobiocin and SB with 3% novobiocin at 40°C. Evaluations were performed with S. sonnei, 
S. flexneri, S. boydii and S. dysenteriae at four inoculum levels (0 to 1, 1 to 10, 10 to 100 and 100 to 1,000 
colony forming units). After enrichment for 20 h, samples were streaked onto MacConkey, Hektoen Enteric 
and Xylose Lysine Desoxycholate agar and the presumptive shigellae were confirmed by biochemical tests. 
Enriched samples were also used to detect Shigella spp. by nested PCR. In inoculated SB, both PCR and 
selective plating detected shigellae at the lowest inoculum. For potato salad enrichments, the PCR 
procedure was found to be approximately 10 times more sensitive than the selective plating procedure 
for detecting Shigella spp., while for cilantro, a 100-1,000 fold increase of sensitivity was seen for the PCR 
procedure. Competing microorganisms in the cilantro rinse enrichments made the isolation of shigellae 
difficult on the selective agar plates. Different novobiocin levels did not improve the isolation. 

P5-47 Develo1,ment of Protocol for the Rapid Detection of Foodborne Virus in Oyster 

Soo-Yeon Lee, Myoung-Hee Shin, Kang-Whi Lee, Keum-11 Jang, and KWANG-YUP KIM, 

Chungbuk National University, Dept. of Food Science and Technology, Cheongju, Chungbuk, 

361-763, Republic of Korea 

Norwalk-like viruses (NLVs) are becoming major causes of foodborne illness in Korea. This study evaluated 
and modified major steps of virus particle separation and concentration from contaminated oyster. As a 
surrogate model for NLVs, we used Feline Calicivirus that belongs to the same Caliciviridae Family and is 
culturable in CRFK cell line. Instead of an ultracentrifugation method, an efficient method based on solvent 
extraction and PEG precipitation procedure was developed. Direct homogenization of 25 g sample of whole 
oyster in 175 mL PBS provided simplicity in the actual field of food industry. The acid adsorption step was 
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eliminated without dropping he RT-PCR detection level. The general overnight PEG pecipitation step was 
reduced to 3 h by putting the tube on ice and adjusting PEG concentration. The improved method developed 
in this study could be applied efficiently to detect NLVs from the oysters in commercial markets. 

P5-48 RT-PCR Assay for Detecting Noroviruses 
DSC KAREN WILLIAMS and Jianghong Meng, University of Maryland-College Park, 0112 Skinner Bldg., 

College Park, MD 207 42, USA 
Foodborne viral infections are a common cause of diarraheal disease in the United States and around the 

world. Norovirus (formally Norwalk-like virus) may account for 60% of these illnesses. Detection of the virus 
has been difficult because of its genetic variation. Reverse Transcriptase (RT) PCR can be used for the detection 
of Noroviruses. Several different primer sets have been developed. Five primer sets from published work were 
selected and evaluated for their effectiveness at detecting Noroviruses from both Genogroup I (GI) and 
Genogroup II (GII). Control viral RNA was extracted from stool samples from patients known to be shedding 
the virus. One control was from GI, the other from GIL All primers were testing using a one step RT-PCR 
procedure. RT-PCR products were run on a 3% agarose gel, stained with ethidium bromide, and visualized using 
UV light. Detection of noroviruses varied among primer sets. The MON primer set and the NVS1/NV3 primer 
pair both gave a positive result for the GI control and the GII control. The SR primer set gave a positive result 
for the GI control, but a negative result for the GII control. Both the NVpllO/NVp36 and the JV12/JV13 primer 
pairs gave negative results for the GI and the GII control. One major obstacle in detecting noroviruses is the 
extreme variability from virus to virus. This may be the reason that some of the primer sets did not work. 
However, both the MON primers and the NVS1/NV3 primer set gave promising results and should be tested 
further, using various NLV strains to better determine their sensitivity. Further studies will be conducted to 
evaluate the assay in detecting the viruses in fresh produce samples. 

P5-49 Reschuled to Pl-57 

P5-50 Serological TytJing of Pathogenic Vibrio parahaemolyticus Isolated from Oregon 
and Washington Coastal Water 
JINGYUN DUAN and Yi-Cheng Su, Oregon State University Seafood Laboratory, 2001 Marine Drive, 
Room 253, Astoria, OR 97103, USA 

Vibrio parahaemolyticus is the main causative agent of shellfish related outbreaks and a major cause of 
diarrhea associated with seafood consumption in the United States. Four recent outbreaks of V. parahaemo­
lyticus infections associated with raw oysters consumption occurred between 1997 and 1998 in the Gulf Coast, 
Pacific Northwest, and Atlantic Northeast regions of the US. However, distribution of pathogenic V. parahaemo­
lyticus in US coastal waters has not been extensively studied. This study investigated serological characteristics 
of pathogenic V. parahaemolyticus isolated from Oregon and Washington coastal water. A total of 43 pathogenic 
V. parahaemolyticus containing the thermostable direct hemolysin (tdh) gene and/or the tdh-related hemolysin 
(trh) gene isolates from oysters, seawater and sediment in Oregon and Washington were serotyped with 
antiserum (Seiken Corp., Tokyo, Japan) according to the manufacturer's procedures. Seven O (somatic) antigen 
types (01, 03, 04, OS, 08, 010 and 011) were identified among the isolates with OS strains being the most 
prevalent (22 isolates) followed by 01 strains (9 isolates). Both tdh and trh were found in strains of serogroups 
01, 03 and OS. However, only tdh was found in serogroups 04, 08 and 010 while only trh was detected in 
serogroup 011. Serogroups 01, 03 and 08 were all isolated from Washington, which indicated that distribution 
of V. parahaemolyticus might be tied to geographical locations. 

P5-51 Thermal Resistance Characteristics of Bacillus anthracis Spores are Similar to Those 
of Other Bacillus Species 
Rebecca Dengrove, Tara De Siano, Marcelo Bonnet, Donald Schaffner, and THOMAS MONTVILLE, 
Rutgers, The State University of New Jersey, Dept. of Food Science, 65 Dudlley Road, New Brunswick, 
NJ 08901-8520, USA 

The objectives of this study were to determine thermal resistance characteristics of Bacillus anthracis 
spores in several heating media and to compare these characteristics to those of other Bacillus species which 
might be used as surrogates. The viability of spores suspended in buffer (pH 7.0 or 4.5), milk, or orange juice 
was determined after heating at 70, 80, or 90°C. Decimal reduction times (D values) were determined from the 
linear portions of survival curves in duplicate experiments and z values calculated in the usual fashion. The D 
values for B. anthracis strains Sterne, Vollum, and Pasteur ranged from less than one min at 90°C to about two 
hundred min at 70°C and were lower in acidic media than neutral ones. The B. anthracis D values fell within 
the range of D values obtained from eight strains of B. cereus, B. thuringiensis, B. mycoides, and B. subtilis 
under all conditions tested. The z values for all strains were approximately l0°C in milk and pH 7 .0 buffer, 
but were as high as 19°C under acidic conditions for some strains. These results suggest thatB. anthracis 
spores do not have unusual thermal resistance characteristics and that spores from other Bacillus species may 
be appropriate thermal resistance surrogates. 
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P5-52 Development of Fluorescent Reference Bacterial Strains by Chromosomal Integration 
of a Modified Green Fluorescent Protein Gene 

LEONARDO B. PINHEIRO, Moreland D. Gibbs, Graham Vesey, and Peter L. Bergquist, 
Macquarie University, Balaclava Road, North Ryde, Sydney, NSW, 2109, Australia 

Microbiology laboratories maintain reference cultures for quality control of their testing methods. A 
problem encountered by microbiology laboratories is cross contamination. In order to identify cases of cross 
contamination with reference cultures, laboratories use bacterial strains that are rarely detected in their tests. 
However, differentiating these rare reference cultures from contaminating bacteria takes time, and lengthy 
delays can have serious implications. To significantly reduce the time required to distinguish reference culture 
strains from contaminating bacterial strains, fluorescent forms of commonly used reference cultures have been 
developed. A modified version of the green fluorescent protein (GFP) under the control of the strong bacte­
riophage lambda PL promoter has been isolated by mutagenesis and selection. A gene cassette comprising the 
promoter, the modified GFP gene, the chloramphenicol gene, and the MuA transposon DNA arms was con­
structed and integrated via a MuA tranposase-DNA complex into the genomes of two Escherichia coli and two 
Salmonella reference cultures. Colonies originating from cultures carrying the integrated GFP cassette can be 
easily differentiated from their unmodified equivalent by observable fluorescence upon illumination with short 
to medium wavelength UV light. The developed fluorescent bacterial strains have been shown to be 100% viable 
when incorporated into a lyophilised BioBall format and their fluorescence properties remain stable in standard 
non-selective nutrient media free from antibiotics. BioBall is a proprietary delivery matrix for precise numbers 
of viable bacterial cells into or onto microbiological media and test samples. 

P5-53 Precise Reference Standa1·ds for Easy Measurement of Uncertainty 

CHARLOTTE MORGAN, Nicholas Herman, Mark Gauci, Peter A White, and Graham Vesey, 
BTF Pty Ltd., Unit 1, 35-41 Waterloo Road, North Ryde, NSW, 2113, Australia 

Quality Control (QC) standards are routinely used in microbiology to demonstrate the efficacy of testing 
methods and culture media. The variability and inaccuracy of the current QC standards increases the potential 
for false results and makes comparison of method performances difficult. Accreditation to the ISO 17025 
standard requires every test result to have a measurement of uncertainty (MoU). This entails giving a value of 
uncertainty, indicating the range the test result could fall within given all the variables affecting that testing 
process. Considering the complexity of some testing methods and the diversity of matrices, it is possible that 
the MoU will be a significant proportion of the result. A new generation of QC standards contains a precise 
number of bacterial CFU that does not vary from batch to batch. The developed BioBall technology enumerates 
bacterial cells by flow cytometry and sorts the cells into a single droplet, which is then frozen and freeze dried. 
The novel freeze drying cycle maintains a 100% viability and stability of the thirty microorganisms. The 
resulting freeze dried sphere can be re-hydrated onto a culture plate, or into a sample to produce 30 CFU 
( +/- 3 standard deviations). Using this precise reference standard can considerably reduce a MoU result, as the 
variation in the seed dose is reduced to 3 standard deviations, compared to up to lOx the variation obtained 
with dilution prepared spikes. The use of the standard to highlight differences between selective agar recoveries 
of quality control microorganisms will also be reported. 

P5-54 Primer Design for Rapid PCR Detection of Listeria monocytogenes 

KEN WALKER, Ywh-min Tzou, Jean Weese, and Tung-Shi Huang, Auburn University, 
101 Poultry Science Bldg., Auburn, AL 36849, USA 

There is a zero tolerance for Listeria monocytogenes, the most frequent cause of ready-to-eat food recalls. 
This bacterium can cause listeriosis in humans particularly in certain well-defined high-risk groups, including 
pregnant women, neonates, and immunocompromised adults. Therefore, the development of rapid and 
accurate methods for the detection of this foodborne pathogen is necessary for the food industry in order to 
reduce the number of recalls and supply safe food to consumers. The objective of this research is to develop a 
rapid method for L. monocytogenes detection using PCR. A pair of primers from L. monocytogenes EGD-e 
encoding internalin-A was designed specifically to this bacterium from Entrez database in the National Center 
for Biotechnology Information. This sequence was further analyzed in NCBI Blast, and a 450 bps region was 
picked up as our target for the PCR. This region satisfied our criteria because it exists in all pathogenic 
L. monocytogenes strains but not in other strains or species, The specificity of the primers has been tested 
with 61 strains or species of Listeria, E. coli, E. coli 0157 :H7, Salmonella, and Staphylococcus, and only 
L. monocytogenes was shown positive. The sensitivity has been performed using a pure culture of 
L. monocytogenes and the detection limit is 10 cells. From these results, it is shown that these primers 
have high specificity and sensitivity for L. monocytogenes detection. Therefore, using the PCR with enrichment 
and concentration processes has great potential for detectingL. monocytogenes in foods within hours. 
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P5-55 Detection of Bovine DNA by the Wnrnex'"' Renl-11me PCRAssny 

JOHANNE D. LAPORTE, Isabelle Guillet, Geraldine Asselin, and Yvan P. Cote, Warnex Research, 
3885 Industrial Blvd., Laval, Quebec, I-I7L 4S3, Canada 

A ban on ruminant-derived proteins in ruminant feeds has been introduced as a preventive measure to 
avoid the spread of bovine spongiform encephalopathy (BSE), as well as to prevent any potential risk of BSE 
transmission from bovine to human. Current commercial methods to test for the presence of bovine material 
in animal feeds do not appear to be effective, quick or simple. The aim of the study was to develop a real-time 
molecular beacon-based polymerase chain reaction (RT-PCR) assay to identify bovine DNA. The DNA was 
prepared from raw tissue by use of Warnex proprietary methodology. A molecular beacon-based PCR assay was 
used to amplify a conserve region of DNA from a gene specific for bovine species. The sensitivity of the PCR 
assay was tested using serial dilutions of bovine DNA, and results showed a detection limit of 0.1 pg of DNA 
template. The specificity of the assay was tested by comparison with DNA samples from other species. Back­
ground cross-amplification was not detected in the presence of purified DNA from other species, such as sheep, 
pig, horse and goat. The Warnex RT-PCR assay is highly specific and sensitive for bovine, and is suited to be 
used as a routine control assay to evaluate the presence or absence of bovine-derived meat and bone meals in 
ruminant feeds. 

P5-56 Optimization of Ferrioxnmine E Concentration ns Effective Supplementation for Selective 
Isolation of Salmonella Enteritidis in Egg White 

GRACE TI-IAMMASUVIMOL, Kun I-I. Seo, and Kwang Y. Song, FDA, 5100 Paint Branch Pkwy., 
College Park, MD 20740, USA 

Studies show that utilization of ferrioxamine E (FE) as a sole source of iron distinguishes Salmonellae from 
a number of related species, including Escherichia coli. Ferrioxamine E is not able to feed E. coli or the 
Proteus-Providencia-Morganella-group. This confers a selective advantage on Salmonella Enteritidis in egg 
white supplemented with FE. The optimum concentration of FE for selective growth of SE in egg white was 
determined. Four supplementation concentrations were evaluated (500 µg/ml, 200 µg/ml, 50 µg/ml, and 25 µg/ 
ml) in egg white artificially inoculated with proportionally mixed cultures of a Rifampicin-resistant strain of 
Salmonella Enteritidis (0.1 ml of 102 CFU/ml) and E. coli K12 (0.1 ml of 101 through 108 CFU/ml). After 24 h 
incubation at 37°C, Salmonella and E. coli populations were enumerated. At higher concentrations of FE (>50 
µg/ml), both Salmonella and E. coli were able to utilize the iron supplement (log 1 to 8.5 and log 1.8 to 8 CFU/ 
ml, respectively); however, lower FE concentrations ( <50 µg/ml) exclusively promoted Salmonella growth. 
Salmonella was unrecoverable without supplementation. This study indicates that optimum levels of FE 
supplementation in egg can improve selective detection for Salmonella Enteritidis against other competitive 
organisms. 
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Technical Abstracts 

Tl-01 

DSC 

An Examination of Media Reporting Trends of Produce-related Food Safety 

BENJAMIN CHAPMAN and Douglas Powell, University of Guelph, Food Safety Network, 
Dept. of Plant Agriculture, Crop Science Room 202, Guelph, ON, NlG2Wl, Canada 

Produce has been increasingly linked to cases of foodborne illness in North America. The public discussion 
of produce safety has also increased, impacting belief formation with respect to safe food consumption. Risk 
managers addressing produce food safety must monitor and understand media trends to adjust programs and 
communication strategy relevance. Risk management activities for the produce industry should include the 
use of risk communication to consumers to potentially minimize the impact of any unpredictable economically 
damaging crises. News articles culled from representative public agenda-setting sources were examined for 
reporting risk message trends, using quantitative and qualitative content analysis methods. This database of 
articles was then compared to actual documented outbreaks to explore information omissions from media 
reports. Factors leading to media coverage were discovered, including number of cases resulting from an 
outbreak; geographical footprint of an outbreak; implication of imported produce; information available to 
media; and the stigma of vehicles and pathogens. Produce industry stakeholders can apply the results of this 
research and create a template to be used in extension activities to support produce-specific on-farm food 
safety issues. 

Tl-02 Microbial Safety Evaluation of Organic and Conventional Fresh Produce at the Pre-harvest 
Stage 

AVIK MUKHERJEE, Dorinda Speh, Aaron Jones, Lue Xiong, Kathleen Buesing, and Francisco 
Diez-Gonzalez 

Microbiological analyses of fresh fruits and vegetables produced by organic and conventional farmers in 
Minnesota and Wisconsin were conducted to determine coliform and Escherichia coli counts and prevalence 
of Salmonella and E. coli 0157 :I-17, at the pre-harvest stage. Among the participating farmers, 24 claimed to use 
organic practices but weren't certified, 8 were certified organic and 14 were conventional growers. A total of 
1,182 produce samples (539 from non-certified growers, 295 from certified organic and 348 from conventional 
growers) were collected during the 2004 harvest season. Major produce types included lettuce, other leafy greens, 
cabbage, broccoli, pepper, tomato, zucchini, summer squash, cucumber, berries and other minor types like bok 
choi, pea, cauliflower and cantaloupe. A farmers' survey on relevant farm-level production, handling and manage­
ment practices were collected at the beginning of the season. The average coliform counts in non-certified, certi­
fied organic and conventional produce were 2.2, 2.3 and 1.5 log MPN/g, respectively. E.coli counts were 2.4, 
2.3 and 1.9 log MPN/g, respectively, in non-certified, certified organic and conventional produce. E. coli pre­
valence was significantly higher in non-certified and certified organic samples compared to their conventional 
counterpart. E. coli prevalence were also significantly greater among leafy greens compared to all other major 
produce types. None of the produce samples tested positive for Salmonella and E. coli 0157 :I-17. 

Tl-03 Results of Microbial Baseline Study of Ontario Grown Fresh Fruits and Vegetables 

LINDSAY ARTHUR and Sandra Jones, Ontario Ministry of Agriculture and Food, 1 Stone Road W., 
Guelph, ON, NlG 4Y2, Canada 

A baseline study of selected indicator and pathogenic bacterial prevalence in Ontario-produced fresh fruit 
and vegetables was carried out between August and October of 2004. This was the first study of its kind in 
Ontario. Comparison of this study with others that are similar in nature revealed that Ontario had a lower 
prevalence rate of pathogens, which may be due to Ontario's climate. Samples were collected from locations 
where consumers most often obtain their produce, including distribution centers (82% of samples obtained), 
farmers markets (15%) and organic site operations (2%). This sampling plan also enabled the largest percentage 
of Ontario farms to be sampled. The 1183 samples consisted of 151 cantaloupe, 173 green onions, 263 leaf 
lettuce, 155 head lettuce, 112 organic leaf lettuce, herbs (61 cilantro and 127 parsley) and 141 fresh market 
tomatoes. These commodities were chosen because they have a higher attributable risk compared to other 
foods of plant origin commodities, and there is a limited amount of information available about the prevalence 
of foodborne pathogens in these commodities in Ontario. Samples were analyzed for Salmonella spp., Shigella 
spp. and generic Escherichia coli. Any samples positive for E. coli were further analyzed for verotoxigenicity. 
No samples were positive for verotoxigenicity or for Shigella spp. Two (2) samples were positive for Salmonella 
spp., resulting in a prevalence rate of 0.17% for the whole study. The prevalence rate for generic E. coli was 
5.3% of all commodities sampled, and the prevalence rate for generic E. coli for all commodities ranked as 
parsley>organic leaf lettuce>leaf lettuce>green onions>cilantro>cantaloupe>head lettuce and fresh market 
tomatoes. 
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Tl-04 Salmonella enterica and Enterohemorrhagic Eschericliia coli 0157:1-17 Survival on Pl'oduce 
is Altered by the Presence of Epiphytic Bacteria 

Tl-05 
DSC 

MICHAEL COOLEY and Robert Mandrell, USDA-ARS, 800 Buchanan St., Albany, CA 94710, USA 

Both Salmonella enterica and Escherichia coli O157:I-17 contaminate fresh produce. In the field, these 
pathogens can survive in low numbers in soil and on plants. Occasionally conditions may occur in the field 
or during processing that lead to an outbreak. Survival of the pathogens in the field is controlled to a certain 
extent by complex interactions with indigenous soil-borne and seed-borne epiphytes. Insight into the nature 
of these interactions may improve produce safety. 'l\vo epiphytes were isolated from pathogen infected plants 
that displayed opposite interactions with these pathogens. Ralstonia paucula enhanced the survival of E. coli 
O157:I-I7 Odwalla two-fold on lettuce and had no effect on S. enterica Newport. In contrast, Enterobacter 
asburiae reduced the survival of both pathogens on lettuce. E.coli O157:I-I7 Odwalla showed a 20 to 30-fold 
reduction in the foliage when E. asburiae and E. coli O157:I-17 Odwalla were previously co-inoculated on 
lettuce seed. Competition against S. enterica was four-fold less effective. Additionally, E. asburiae was also 
competitive against several other strains of E. coli O157:I-17 and S. enterica. Epi-fluorescent images of co­
inoculated plants in vitro indicated that the pathogens are restricted to small, isolated colonies. Also in vitro, 
pathogen competition with E. asburiae was only seen while the bacteria grew on plant exudate. Hence, 
E. asburiae likely competes with these pathogens for nutrients found in plant exudate. Good agricultural 
practices that encourage the growth of competing bacteria, like E. asburiae, may reduce the incidence of 
produce contamination. 

Evaluation of Steam Blanching fol' Salmonella Enteritidis Reduction on Almond Surfaces 
SUBEN CHANG, Jose Reyes, Joseph R. Powers, and Dong-Hyun Kang, Washington State University, 
P.O. Box 646376, Pullman, WA 99164-6376, USA 

This study was conducted to investigate the effectiveness of steam blanching (204 F) for reducing Salmo­
nella Enteritidis on almond surfaces. Batches of 25 g "Nonpareil" almonds were inoculated with 101-s CFU/ml 
of either S. Enteritidis cocktail (S, Enteritidis 43353, ME-13, ME-14) or S. Enteritidis PT-30 and allowed to dry 
overnight. Inoculated almonds were then subjected to steam treatment through a pilot-sized blanching ma­
chine for time intervals of 5, 15, 25, 35, 45, 55, and 65 s. Survival of S. Enteritidis was evaluated with tryptic 
soy agar (TSA) and xylose lysine desoxycholate (XLD) for injured and healthy cells, respectively. Results 
indicate no significant differences (P > 0.05) between the two S. Enteritidis inoculums. Reduction of S. Enter­
itidis increased as a function of treatment time, with 25 s being sufficient to achieve a 5-log reduction. Though 
steam blanching resulted in more reduction as treatment time increased, it also resulted in degradation of 
almond qualities. Discoloration and visible formation of wrinkles were observed after steam blanching of 
35 s, agreeing with other almond investigations stating that steam treatments of longer than 30 to 40 s would 
negatively affect almond qualities. We thus conclude that steam blanching of 25 s is effective to achieve a 5-log 
reduction of S. Enteritidis without compromising almond quality. 

Tl-06 Migl'ation of Salmonella Enteritidis PT 30 through Almond Hulls and Shells 
DSC MICHELLE D. DANYLUK, Maria T. Brandl, and Linda J. Harris, University of California-Davis, 

Dept of Food Science and Tech., One Shields Ave., Davis, CA 95616, USA 

Tl-07 
DSC 

Recent outbreaks of salmonellosis from consumption of raw almonds have generated interest in potential 
modes of contamination of this nutmeat. The ability of Salmonella Enteritidis PT 30 to migrate through 
almond hulls and shells was evaluated in two ways. Shell halves from five varieties of almonds were glued inside 
Petri dish lids so that the outer shell only was submerged in a suspension of S. Enteritidis PT 30 (106 CFU/ml 
in Butterfield's buffer) placed in the bottom half of the Petri dish. Following incubation for 24 hat 24±2°C, the 
inside of the shell was swabbed, streaked directly onto XLD agar and incubated for 24 h at 35±2°C. The swab 
was transferred into 25 ml of lactose broth and enriched using standard methods. S. Enteritidis was isolated 
from the inside of almond shells by both direct swabbing (14/30) and enrichment (30/30), Additionally, intact 
whole almonds (hulls, shells, and kernels) were soaked 24 to 72 h at 24±2'C in buffer containing 103 to 109 

CFU/ml of green fluorescent protein (GFP)-labeled S. Enteritidis PT 30. After incubation, populations of 
S. Enteritidis PT30 were 108 to 109 CFU/ml regardless of initial inoculum level. Almonds were drained and the 
kernel removed using aseptic techniques. GFP-Salmonella was detected on almond kernels, outer and inner 
shells, and on and within the hull by confocal laser scanning microscopy. These combined data provide direct 
evidence that wet conditions allow for Salmonella multiplication and migration through the hull and the shell, 
thus providing a means by which almond kernels may become contaminated. 

Inactivation of Bacteria, Yeasts and Molds on Palletized Highbush Blueberries Using Chlorine 
Dioxide Sachets 
IULIANO POPA, Eric J. Hanson, Annemiek Schilder, Ewen C.D. Todd, and Elliot T. Ryser, Michigan 
State University, Dept. of Food Science and Human Nutrition, East Lansing, MI 48824, USA 

Chlorine dioxide (ClO) gas generated by a dry chemical sachet was tested against three foodborne 
pathogens, five yeasts and five molds known for spoilage. Initially, five fresh blueberry samples (100 g) were 
separately inoculated with Listeria monocyto&enes, Salmonella, Escherichia coli O157:I-17 (3 strains each), 
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and yeasts and molds (5 strains each) to contain ~106 CFU/g and treated with ClO2 (4 mg/I) for 12 h in a sealed 

20-1 container (99.9% RH) at ~22'C (3 replicates). After gassing, blueberries (25 g) were diluted 1:5 in neutral­

izing buffer, pulsified for 1 min and plated using standard FDA procedures to quantify survivors. This treatment 

yielded reductions of 3.94, 3.62, 4.25, 3.10, and 3.17 log CFU/g for L. monocytogenes, Salmonella, E. coli, 

yeasts and molds, respectively. Thereafter, 30 lugs of blueberries ( ~9.1 kg/lug) were stacked on 4 x 4 ft pallets 

(5 lugs/level x 6 levels) (6 replicates), tarped, and exposed to ClO
2 

(18 mg/I) for 12 h. After gassing, significant 

(P < 0.05) reductions of 2.12, 1.61, 0.72, 1.76, and 1.55 log CFU/g were seen for mesophilic aerobic bacteria 

(MAB), yeasts, molds, coliforms, andE. coli, respectively, compared to ungassed controls. No significant 

differences (P > 0,05) in microbial inactivation were seen between lug levels and, with one exception (MAB), 

between the bottom and top surface of individual lugs. Based on these findings, ClO
2 

sachets may provide a 

simple, economical and effective means of enhancing the microbial shelflife and safety of fresh blueberries. 

Tl-08 Variability of Virus Attachment Patterns to Butterhead Lettuce 

DSC EVERARDO VEGA, Jeannon Smith, Jay Garland, Anabelle Matos, and Suresh D. Pillai, 

Texas A&M University, 2472 TAMU, College Station, TX 77843, USA 

Enteric viruses are a major cause of foodborne illness in the United States. The objective of this study was 
to determine whether the isoelectric point (pl) of viruses such as Feline Calicivirus (FCV), Echovirus 11, and 

bacteriophages phiXl 7 4 and MS2 had any effect on their attachment to Butterhead lettuce. The adsorption of 
virus particles to the lettuce was variable. Bacteriophage MS2 was the only virus showing maximal attachment 

at its critical pH and was the only virus fitting the DLVO model of virus attachment. Echovirus 11 had the 
highest affinity to lettuce surface. Echovirus 11 exhibited reversible attachment above its pl, whereas below the 
pl, a strong adsorption was observed. At low salt concentrations, Echovirus adsorption was strongly influenced 
by its pl, indicating that at intermediate salt concentrations both electrostatic and hydrophobic forces are 
responsible for Echovirus adsorption. Adsorption of FCV was at its maximum above the viral pl. Bacteriophage 
phiXl 7 4 exhibited the most complex adsorption pattern with attachment occurring only at the pH extremes 
(pH 3.0 and pH 8.0). These results suggest the current model for virus adsorption to sediment does not 
adequately explain the attachment of virus to lettuce. Importantly, the results suggest that current sample 
processing methods to recover viruses from lettuce can differentially select for certain viral types and that 
a pathogenic human virus has a high affinity to lettuce. 

Tl-09 Evaluation of Hepatitis A Virus Inactivation by Higb Pressure Processing in Strawberry Pm-ee 

and Sliced Green Onions 

DAVID I-I. KINGSLEY, Dallas G. Hoover, and Dongsheng Guan, USDA-ARS-MFSRU, Delaware State 

University, J. W.W. Baker Center, Dover, DE 19901, USA 

To investigate the potential of high pressure processing (HPP) as an intervention strategy for virus-contam­
inated fruits and vegetables, strawberry puree and sliced green onions were contaminated with > 106 PFU 
of hepatitis A virus (HAV) and treated with pressures ranging from 225 to 375 MegaPascals (MPa) in 25-MPa 
increments at ambient temperature. Virus extraction and plaque assay determined that HAV was inactivated 
in strawberry puree and sliced green onions after 5-min exposures to pressures of 375 MPa, with log PFU 
reductions of 4.32 and 4.75, respectively. For treatments of< 325 MPa, the virus was more sensitive to pressure 
in strawberry puree than in sliced onions, with log reductions of 1.2, 2.06, and 3.13 observed for strawberries, 
and 0.28, 0.72, and 1.42 observed for onions, after 5-min treatments at 250, 275 and 300 MPa, respectively. 
Results show 1-IPP will inactivate 1-IAV in these foods at these pressures and times. 

Tl-10 Survey of Biosecurity Practices in Produce Operations in the Soutbeast 

KAREN W. SIMMONS, Mark A. Harrison, William C. Hurst, Judy A. Harrison, Jeffrey Brecht, 

Keith R. Schneider, Amy Simonne, and James W. Rushing, University of Georgia, Dept. of Food 

Science and Teoh., Athens, GA 30602, USA 

Fresh produce is potentially vulnerable to tampering because it is usually eaten raw or in a minimally 

processed state. It is grown, harvested and packed literally "in the open" and there is typically no kill step 

to destroy microbial pathogens prior to consumption, In a collaborative effort with researchers from Georgia, 

South Carolina and Florida, this study was undertaken to assess the current status of security at fresh produce 

facilities in these states. Security audit forms were prepared and used to survey growers, packers, and fresh-cut 

processing operations. A total of 25 farms, 25 packinghouses and 7 fresh-cut produce processing operations 

were surveyed. Practically all of the fresh-cut processors have a written security plan, conduct security training 

for their employees and have restricted access to their facilities. However, only about half of the farm and/or 

packinghouse operations provide employee security training, and only one farm and one packinghouse sur­

veyed have written security plans. About half (52%) of the packinghouses surveyed have perimeter fencing and 

only half have locks on the cooler doors. Documentation of any sort of security practice is lacking among both 

growers and packers. Survey data collected to date indicates that while fresh-cut processing facilities are 

dealing with current security challenges, farm and packing operations in the tri-state region are lagging behind. 

More training programs and assistance to increase awareness and to facilitate incorporation of feasible, 

preventative measures are needed by segments of the industry. 
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Tl-11 Impact of Regulations on Juice-associated Outbreaks 
JAZMIN VOJDANI and Robert Tauxe, CDC, Foodborne and Diarrheal Diseases Branch, 1600 Clifton 
Road, MS A-38, Atlanta, GA 30333, USA 

FDA's 1998 juice labeling regulation required either implementation of process control measures to 
achieve a 5-log pathogen reduction or a warning label indicating the health risks of drinking untreated juice. 
These were interim measures until the 2001 juice 1-IACCP regulation became effective between January 2002 
and January 2004. This regulation required nearly all juice processors to implement 1-IACCP systems, including 
a 5-log pathogen reduction. Retail establishments processing and selling directly to consumers are exempt from 
the 2001 rule but subject to the 1998 rule if they operate in more than one state. We reviewed outbreaks for 
which the implicated vehicle was fruit juice reported to CDC's Foodborne Outbreak Reporting System. From 
1994 to 2004, 26 juice-associated outbreaks (JAOs) were reported to CDC; 38% implicated apple juice or cider, 
27% orange juice, 23% lemonade, and 12% other juice. These outbreaks caused 1,370 illnesses, with a median 
size of 11 cases (range 2 to 398). Among the 17 outbreaks of known etiology, 5 were caused by Salmonella, 
4 by E.coli O157:I-17, 3 by Norovirus, 2 by Cryptosporidium, 2 by chemical agents, and 1 by E, coli 0111 and 
Cryptosporidium. Among the 17 JAOs reported from 1998 through 2001, pasteurization information was 
available for 7, all of which were unpasteurized. All 4 JAOs reported between 2002 and 2004 were associated 
with apple juice or cider. Fewer JAOs have been reported since the implementation of the juice HACCP rule. 
Apple juice or cider operations exempt from processing requirements continue to cause illness. 

Tl-12 Lethality of Vanillic Acid toward Escherichia coli Ol57:H7 in Unpasteurized Ap11le Juice 
PASCAL DELAQUIS, Kwan Deog Moon, Peter Toivonen, Susan Bach, Kareen Stanich, 

T2-0l 
DSC 

and Leanne Harris, Agriculture and Agri-Food Canada, Pacific Agri-Food Research Centre, 
4200 Hwy. 97 S., Summerland, BC, V0H lZ0, Canada 

Unpasteurized apple juices made from Granny Smith, Gala, Empire, McIntosh, Red Delicious and Golden 
Delicious apples were supplemented with O, 5 or 10 mM vanillic acid and were inoculated with a five strain 
mixture of Escherichia coli 0157:1-17. Cell populations gradually declined and no viable cells were recovered 
from control juices made with McIntosh, Golden Delicious, Empire and Granny Smith apples after 7 days 
storage at 15°C. In contrast, populations were stable in high pl-I (Gala and Red Delicious) juices stored for 
7 days at 15°C and in juices from all cultivars stored at 4°C. Vanillic acid exerted a concentration, pl-I and time 
dependant lethal effect towardE. coli 0157:1-17, Supplementation with 5 mM vanillic acid accelerated death 
of E. coli O157:H7 and population reductions ranged from 2 log CFU/ml in low pl-I juice (Granny Smith pl-I = 
3.18) to <1 log CFU/ml in high pl-I juices (Gala, pl-I= 3.90) after 7 days at 4'C; and 5 log CFU/ml in Granny 
Smith and 2 log CFU/ml in Gala juice after 7 days at 15°C. No sensory difference or preference was detected 
by triangle testing in two of the six juices supplementated with 5 mM. Supplementation with 10 mM vanillic 
acid led to a 5 log CFU/ml reduction in E. coli 0157:1-17 populations after 7 days at both temperatures but 
sensory analysis revealed significant differences from and preference for un-supplemented juices. Adjustment 
of pH would therefore be required for the effective control of E. coli 0157 :I-17 in unpasteurized juice by vanillic 
acid. 

Evaluating Microbial Safety of a Slow Partial-cooldng Process for Bacon: Use of a Model Based 
on Small-scale Meat Inoculation Studies 
GREG M. BURNHAM, Melody Fanslau, and Steven C. Ingham, University of Wisconsin-Madison, 
1605 Linden Drive, Madison, WI 53706, USA 

Pathogen growth and toxigenesis potential during slow partial-cooking of meats should be evaluated in a 
Hazard Analysis. To aid this evaluation, the safety of slow partial-cooking, Salmonella spp., Escherichia coli 
0157:1-17, and Staphylococcus aureus lag-times were modeled using small-scale (25 g) ground pork isothermal 
inoculation studies. Lag times ranged from> 9 hat 21°C to 3 hat 35°C and> 6 hat 46'C. To test model 
predictions, cured pork bellies were inoculated with these pathogens, subjected to commercial slow partial­
cooking processes and analyzed for pathogen numbers. Processes lasted 6 h, with the product interior within 
the 21 to 46°C range of the model for 139 to 325 min (high-humidity processes) and 173 to 245 min in (low­
humidity processes). For the pork belly interior, the model predicted growth of Salmonella spp., E.coli 
0157 :1-17, and S. aureus for 3 of 6, 1 of 6, and 4 of 6 trials, respectively. The model was fail-safe, as pathogen 
growth did not occur in 5 trials for which it was predicted. In one high-humidity trial S. aureus grew as 
predicted (0.6 to 0.7 log CFU). Similarly, no meaningful pathogen growth (-1.0 to +0.3 log CFU change) 
occurred in trials for which growth was not predicted. For the pork belly surface, the model correctly predicted 
growth/no growth in every trial, except for one trial with slight (0.4 to 0.9 log CFU) increases for Salmonella 
spp. and S. aureus. Our study shows pathogen growth is unlikely during several 6 h bacon partial-cooking 
processes and the usefulness of an inoculation-study model in process safety evaluation. 
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1.'2-02 
DSC 

Survival of Listeria monocytogenes, Listeria innocua, and Lactic Acid Bacteria Species 
in Chill Brines 

RENEE M. RAIDEN, Susan S. Sumner, Robert C. Williams, Joseph D. Eifert, Wafa Birbari, 
and Dave Jones, Virginia Teoh., 22 FST Bldg., Blacksburg, VA 24061, USA 

Listeria monocytogenes is the major pathogen in ready-to-eat meat products. Contamination can occur 
via salt brines used to cool thermally processed meats. Both L. monocytogenes and lactic acid bacteria can 
grow under these brine conditions, and may compete with each other for available nutrients. This study 
investigates effects of a three strain cocktail of lactic acid bacteria (LAB) Enterococcusfaecalis, Garno­
bacterium gallinarum, and Lactobacillus plantarum on survival of Listeria monocytogenes and L. innocua 
in brines stored under low temperatures for up to 10 days. Three brine concentrations (0%, 7.9%, and 13.2% 
NaCl) were inoculated with 7 .0 log CFU/ml of one of five cocktails (L. monocytogenes, L. innocua, lactic acid 
bacteria (LAB), L. monocytogenes + LAB, or L. innocua + LAB) and stored for 10 days at 4 or 12°0. Three 
replications of each brine/cocktail/temperature combination were performed. No significant reductions of 
L. monocytogenes were seen in 7.9 or 13.2% brines when LAB were present; however, reductions ofL. mono­
cytogenes were seen in the 0% brine solution when LAB were present (1.43 log CFU/ml at 4°0 and 3.02 log 
CFU/ml at 12°0). L. innocua was significantly less resilient to environmental stresses of the brines than 
L. monocytogenes, both with and without LAB present (P < 0.05). Lactic acid bacteria are not effective at 
reducing L. monocytogenes in brines at low temperatures. Under these conditions L. innocua should not 
be used as a model for L. monocytogenes. Since£. monocytogenes survives in brine, technologies for its 
elimination in brine solutions need to be investigated. 

1.'2-03 Alternative Cutting Methods to Minimize Transfer of S11ecified Risk Materials dul'ing Steak 
Pre11amtion from Bone-in Short Loins 

MARISSA LOPES, Jarret Stopforth, Katie Sucre, Robert Miksoh, Ellis Giddens, and Mansour 
Samadpour, Institute for Environmental Health, 15300 Bothell Way NE, Seattle, WA 98155, USA 

Steaks produced from bone-in loin subprimals where the vertebral column bone is first cut out may 
inherently leave residual specified risk materials (SRM) on steak surfaces when undercut. The objective of this 
study was to evaluate current and alternative cutting methods that could be used to minimize the transfer of 
SRM tissue during preparation of steaks from bone-in short loins. Loins were cut as follows: (i) method 
I - vertebral column bone removed prior to cutting the loin into steaks from medial (vertebral column) to distal 
(meat) end; (ii) method II - loin cut into steaks from medial to distal end prior to removal of vertebral column 
bone; and, (iii) method III - loin cut into steaks from distal to medial end prior to removal of vertebral column 
bone. Results indicated that surface areas along the vertebral column cut line had detectable (0,100 and 0.215% 
/ 100 cm2

) and, thus, higher SRM contamination compared to resulting steak surfaces or the cutting blade. 
Overall, there were no detectable ( <0.100% I 100 cm2) differences in SRM contamination of steaks produced by 
the three cutting methods. Furthermore, immunohistochemical evaluation of areas on steak surfaces excised 
and ground indicated that none of the cutting methods were responsible for transferring contamination from 
the medial to distal end of the steak following cutting. These results imply that steaks may be cut from bone-in 
subprimals prior to removal of vertebral column bone without affecting transfer of SRM tissue at concentrations 
<0.100% / 100 cm2 to resulting steaks. 

1.'2-04 Decontamination of Beef Cuts, Intended for Blade/Needle or Moisture-enhancement 
Tendel'ization by Surface Trimming vs. Rinsing with Solutions of Hot (82°C) Water, 
Warm (55°C) Lactic Acid or Activated Lactoferrin Plus Warm (55°C) Lactic Acid 

COURTNEY HELLER, John Scanga, John Sofas, Keith Belk, R. Todd Bacon, and Gary Smith, 
Colorado State University, Center for Red Meat Safety, Fort Collins, CO 80523, USA 

The objective of this project was to investigate interventions that may minimize the risk of transferring 
E. coli 0157 :H7 from the exterior, to the interior, of whole-muscle cuts during blade/needle or moisture-enhance­
ment tenderization. 'l\vo-hundred outside round pieces were inoculated with an average of 4.17 log CFU/100 cm2 

of E. coli 0157:H7 with a 24-h culture. Inoculated pieces were vacuum packaged and stored for 10 to 18 days 
at 2-4°0. Enumeration using CT-Smac was performed on 100 cm2 samples cut from each outside-round piece 
before and after interventions were applied and after further processing. Each piece was treated with one of five 
interventions: Postive control, (1) external trim using GMPs, (2) hot water (82'0) (3) warm 2.5% lactic acid 
(55°0), (4) warm 5.0% lactic acid (55°0), and (5) activated lactoferrin plus warm 5.0% lactic acid (55°0). Inocu­
lated outside-round pieces were used as positive control. The mean reduction of E. coli 0157:H7 after interven­
tions were applied were 1.10, 1.00, 0.99, 1.07 and 0.93, respectively. Mean E. coli 0157:H7 counts from the 
internal surface of outside-.round pieces post-blade tenderization were non-detectable, Mean E. coli 0157 :H7 
counts from the internal surface of outside-round pieces post-moisture-enhancement were 2.13, 1.32, 1.23, 1.20, 
1.15, and 1.39 The mean percent of E.coli 0157:H7 transferred from the external surface, post-intervention, to 
the internal surface, post-blade-tenderization, were 5.85, 3.63, 3.71, 4.52 and 4.68 for external trim, hot water, 
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5.0% LA and ALF + 5.0% LA. The mean percent transferred from the external inoculated surface before inter­
vention to the internal surface after blade-tenderization were .82, .37, .41, .40, .51 and .38. The mean percent 
of E. coli O157:I-17 transferred from the external surface post-intervention to the internal surface, post-moisture­
enhancement were 3.88, 4.97, 5.26, 5.55, 6.08, and 4.96. The mean percent of E. coli O157:I-17 transferred from 
the external surface of the inoculated outside-round pieces to the internal surface post-moisture-enhancement 
were 3.88, .65, .59, .82, .53, and .92. 

T2-05 Microbial Loads on Subprimals and the Imtlact on Injection 

JARRET STOPFORTH, Marissa Lopes, John Shultz, Robert Miksch, and Mansour Samadpour, 
Institute for Environmental Health, 15300 Bothell Way NE, Seattle, WA 98155, USA 

Beef subprimals tenderized by marinade injection may allow pathogenic bacteria on meat surfaces to be 
internalized and consequently increase their likelihood of survival during cooking. The objective of this study 
was to determine microbial loads and pathogen incidence on incoming raw beef and in processing marinades 
as well as the potential to distribute such contamination. Incoming beef subprimal samples (n = 982), pre­
injection marinade samples (n = 40) (SO ml), and marinade samples during beginning (n = 175), middle 
(n = 131), and end (n = 137) of the injection process were microbiologically analyzed for levels of microbial 
populations ( total plate [TPC], total coliform [TCC], and Escherichia coli counts [ECC]) and presence of 
E. coli O157:I-17 and Salmonella spp. Samples of incoming beef subprimals yielded levels of 4.0 to 6.2, 0.8 to 
2.7, and< 0.8 log CFU/g for TPC, TCC, and ECC, respectively. Incidence rates of E. coli O157:H7 and Salmo­
nella on incoming raw beef subprimals were 0.3 and 2.2%, respectively. Pre-injection marinade samples yielded 
levels of 0.8 to 1. 7 log CFU/ml for TPC while TCC and ECC were < 0.8 log CFU/ml and was not contaminated 
with E. coli 0157 :I-17 or Salmonella. Microbial populations in marinades increased from 1. 9 to 5.3 (TPC) and 
0.8 to 2.3 (TCC) log CFU/ml during beginning to end of meat injection and became contaminated with Salmo­
nella (1.8% incidence rate). These results confirm the presence of pathogens on subprimals and the potential 
risk of such meat contaminating recirculated marinades as well as highlighting the need to introduce interven­
tions to control the microbiological quality of such marinades. 

T2-06 Prevalence and Numbers of Oampylobacter jejuni and O. coli in Uncooked Retail Meats 
in New Zealand 

TECK LOK WONG, Lauren Hollis, Angela J Cornelius, Carolyn Nicol, J Andrew Hudson, and 
Roger L Cook, Institute of Environmental Science and Research, P.O. Box 29-181, Christchurch, 
Canterbury, 8004, New Zealand 

A national quantitative survey of Campylobacter in uncooked retail meats (beef, unweaned veal, chicken, 
lamb/mutton and pork) covering four seasons was undertaken from August 2004 to June 2005 to establish 
baseline proportionality data. Qualitative analysis was performed on each sample by PCR and was followed 
by quantitative analyses of positive samples using MPN/PCR methodologies. A total of 1011 meat samples were 
tested. The prevalences of C. jejuni and C. coli in the meat species (minced or diced) were chicken 89.1% (205/ 
230), pork 9.1% (21/230), lamb/mutton 6.9% (16/231) and beef 3.5% (8/230). Unweaned veal, comprising, in the 
absence of minced or diced products, frozen or chilled cutlets was 9.5% (21/230). Campylobacter jejuni was 
identified in the majority of positive samples (246/259); seven contained mixed cultures of C. jejuni/0. coli and 
six contained C. coli only. Campylobacter jejuni counts in chicken meat showed that of 205 positive samples, 
84 had counts of< 0.3MPN/g, 104 had counts ranging from 0.3 to 10.9 MPN/g, 12 of 23.7 MPN/g, 1 of 28.8 MPN/ 
g, 3 of 45. 9 MPN/g and l of 110 MPN/g. Enumeration of C. jejuni from the other positive meat species ( 49 
samples) showed that, except for one unweaned veal sample with a count of> 10.9 MPN/g, counts were equal 
to, or below, 0.3 MPN/g. The results provide benchmark proportionality profiles of Campylobacter in the five 
meat species that will facilitate (a) exposure assessment in the light of other information such as consumption 
data and (b) subsequent quantitative risk assessment. 

T2-07 Enhancement of Food Safety Surveillance in the Republic of Ireland 

EMILY JORDAN, Karen McGillicuddy, John Ward, Kevin Kenny, Bernard Bradshaw, Charles Dullea, 
Paul Rafter, Stanley McDowell, Nola Leonard, and John Egan, Central Veterinary Research 
Laboratory, Dept. of Agriculture and Food, Abbotstown, Castleknock, Dublin, 15, Ireland 

The primary responsibility for food safety in Ireland rests with food producers and food processors. Official 
agencies monitor the effectiveness of controls as well as ensuring that effective systems are in place for rapidly 
identifying food safety alerts. In many countries data on food safety tests undertaken by industry in private 
laboratories is generally not collated and made available to the regulatory agencies. While official agencies in 
all developed countries undertake independent testing of food, it is estimated to account for only 3 to 5% of 
total testing. In the Republic of Ireland the food industry, under the regulation of Department of Agriculture 
and Food (DAF), is required to undertake its microbiological analysis of animal foodstuffs in private laborato­
ries approved by DAF. These private laboratories are required to submit monthly reports on tests to the Central 
Veterinary Research Laboratory; the National Reference Laboratory for Zoonoses. The FoodMicro database, 
developed in 2001 to collate this information, now contains a significant bank of data on potential sources of 
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zoonoses pathogens from foods on the island of Ireland. Surveillance is focused on Salmonella, Campylobacter, 
Listeria and Escherichia coli 0157. Since 2001 over 500,000 tests have been recorded in this database, 
making it the largest database on microbiological testing in Ireland. This has allowed the development of a 
laboratory based food safety surveillance system and facilitated more effective food safety monitoring by 
combining the test data collected in both official and private laboratories. 

T2-08 Indigenous Protein Markers for Evaluation of Prion Inactivation in Processed Meat Products 

FUR-CHI CHEN, Agnes Kilonzo-Nthenge, Dwyan Young, and Abdullah Abdullah, Tennessee State 
University, 3500 John A. Merritt Blvd., Nashville, TN 37209, USA 

Bovine Spongiform Encephalopathy (BSE) is thought to enter the human food chain through beef products 
contaminated with infectious prion proteins. Studies have demonstrated the potential applications of emerging 
processing technology in reduction of prion infectivity in meat products. However, lack of a rapid verification 
measurement to facilitate evaluation of such technology has hampered its further development. Our objective 
was to identify heat- and protease-resistant protein markers that can be used as an indication of inactivation 
effectiveness to evaluate/optimize the processing procedures. Indigenous protein markers from bovine muscle 
were identified based on their resistance to heat and proteolysis. SDS-PAGE of muscle extract showed that the 
majority of the proteins were insolubilized by heating. The few proteins remaining soluble and stable at higher 
temperatures were identified as the potential candidates. These proteins were presumptively determined as 
myosin heavy chain, tropomyosin, and troponin subunits, based on their relative mobility. Among these 
candidates, tropomyosin exhibited the most promising features. Under a high temperature (133 C/30 psi), 
tropomyosin remained integral in the solution with minor degradation to another stable fragment (25 kD). As 
seen in the time-resolved-proteolysis by Proteinase Kat 1/1000 (w/w), tropomyosin was completely hydrolyzed 
in 60 min to form three partially resistant fragments ranging from 15 to 18 kD. One of these fragments (17 kD) 
retained its resistance up to 240 min. Our results indicated that tropomyosin could be a useful marker for 
monitoring the inactivation of BSE agent in meat products, if an immunoassay to quantify the denaturation 
of the protein marker is developed. 

T2-09 Distribution and P1·evalence of Salmonella SerotY}Jes in Maryland Retail Poultry Meat 

DSC MAUNG S. MYINT, Yvette J. Johnson, Nathaniel L. Tablante, and Estelle Russek-Cohen, University 
of Illinois at Urbana-Champaign, College of Veterinary Medicine, 1008 W. Hazelwood Drive, 
Urbana, IL 61802, USA 

According to the World Health Organization, Salmonella is a leading cause of foodborne illness worldwide. 
Since the implementation of the HACCP system for pathogen reduction in poultry processing plants, the Food 
Safety Inspection Service (FSIS) of the US Department of Agriculture reports substantial reductions in the 
prevalence of Salmonella contamination of raw poultry at processing plants. However, limited data is available 
regarding the prevalence and distribution of Salmonella contamination in poultry meat at retail grocery stores. 
Random samples of retail grocery stores within the state of Maryland were selected for this cross-sectional 
study. The objectives of this study were to estimate the Salmonella prevalence in chicken meat products from 
retail grocery stores throughout Maryland and to identify risk factors for Salmonella contamination in retail 
poultry meat products. Out of 180 poultry meat samples that were collected, the overall prevalence of Salmo­
nella contamination was 22. 7% (C.I 15.16-30.86). Integrator brand ground poultry (19%) was at increased risk 
for Salmonella contamination when compared to integrator brand non-ground poultry products (7%) but this 
difference was not significant (P = 0.053). Among non-ground products, store brand poultry was 18 times more 
likely to be contaminated with Salmonella than integrator brand poultry products (CI 5.1 to 61.2). 57% (24/42) 
of positive samples were S. Heidelberg, 24% were S. Kentucky, an.d 19% were S. Typhimurium (Copenhagen). 
88% of positive ground chicken samples were S. Typhimurium (Copenhagen) and 70% of positive non-ground 
chicken samples were S. Heidelberg and S. Kentucky. 

T2-10 Water Spray and Extended Dry 'Ilme to Lower Bacterial Numbers on Soiled Flooring 
from Broiler 'fransport Cages 

MARKE. BERRANG and Julie K. Northcutt, USDA-ARS-RRC, P.O. Box 5677, Athens, GA, 
30604-56 77, USA 

Broiler transport cages soiled with Campylobacter-positive feces have been demonstrated to result in cross 
contamination of processed broiler carcasses. Washing and sanitizing cage surfaces does not always effectively 
eliminate bacteria. The objective of this study was to examine drying as a means to lower bacterial numbers on 
transport cage flooring. Small squares (5 x 5 cm) of fiberglass flooring from transport cages were intentionally 
contaminated with 1 g of Campylobacter-posltive broiler gut contents. Soiled floor squares were sprayed with 
water and allowed to dry for 0.25, 24 or 48 h. Unsprayed squares were examined at each time period as 
controls. All squares were sampled by cotton tipped applicators, which were cultured for Campylobacter, 
coliforms and E. coli. Sampling unsprayed squares at 0.25 h yielded 7.3 log CFU Campylobacter, 6.2 log CFU 
coliform and 5.9 log CFU E. coli. Water spray alone resulted in a significantly lower number of organisms 
recovered: 4.1 log CFU Campylobacter, 3.6 log CFU coliform and 3.2 log CFU E. coli. When water spray was 
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followed by a 24 h drying period, no Campylobacter, coliforms or E. coli were detected on the floor surface. 
However, allowing unsprayed soiled flooring to simply dry for 24 or 48 h also resulted in no recovery of 
Campylobacter and very low numbers of coliforms and E. coli. A 24 or 48 h drying period for fecal matter 
on broiler transport cage flooring may be a viable method to lower bacterial numbers on these surfaces. 

Evaluation of Water Quality and Prevalence of Bacterial Pathogens and Their Antimicrobial 
Resistance in Food Fish and Their Pond Water in Trinidad 
A WEEDA NEWAJ-FYZUL, Abiodun Adesiyun, and Alexander Mutani, University of the West Indies, 
School of Veterinary Medicine, Faculty of Medical Sciences, St. Augustine, Trinidad and Tobago 

In Trinidad, Tilapia (Oreonchromis spp.) is one of the most important freshwater food fish and the number 
of farms has been increasing annually. This study determined the water quality, bacterial pathogens and their 
antimicrobial resistance in the local food fish industry. 75 apparently healthy fish and 15 pond water samples 
from 3 fish farms were processed. Chemical analysis of water revealed values outside the recommended 
standards for pH, unionized ammonia and nitrites in 7 (46.7%), 9 (60.0%) and 8 (53.3%) ponds, respectively. 
Of 202 bacterial isolates from fish slurry and 88 from water, 13 and 16 genera respectively were identified. The 
predominant bacteria from fish slurry were Pseudomonas spp. ( 60.0%), Aeromonas spp. ( 44.0%), Plesiomonas 
( 41.3%) and Chromobacterium (36.0%) (P < 0.05) compared with isolates from pond water, where Bacillus spp. 
(80.0%), Staphylococcus spp.,Alcaligenes spp. andAeromonas spp. (60.0%) were most prevalent (P < 0.05). 
Using 8 antimicrobial agents, 168 (97.1%) of 173 bacterial isolates from fish slurry exhibited resistance to one 
or more antimicrobial agents, compared with 47 (90.4%) of 52 from water. Regardless of farm, 51(98.1%) of 
52 isolates ofAeromonas spp., 33 (97.1%) of 34 Chromobacterium spp., 34 (92.1%) of 35 Plesiomonas spp. 
and 33 (100%) of 33 Pseudomonas spp. exhibited resistance (P > 0.05). Resistance was highest to ampicillin 
(78.8%) and erythromycin (51.9%) but lowest to norfloxacin (3.8%) and sulfamethoxazole/trimethoprim (7.7%). 
In conclusion, the rather high prevalence of bacterial pathogens in fish coupled with their high prevalence of 
resistance to antimicrobial agents might pose a health risk to consumers. 

T2-12 Antimicrobial Resistance in Salmonella and Escliericliia coli Isolated from Commercial 
Shell Eggs 
MICHAEL MUSGROVE, Deana Jones, Julie Northcutt, Nelson Cox, Mark Harrison, Paula 
Fedorka-Cray, and Scott Ladely, USDA-ARS, Egg Safety and Quality Research Unit, 950 College 
Station Road, Athens, GA 30604, USA 

Antimicrobial resistance in foodborne and commensal bacteria has become a problem. Salmonella and 
Escherichia coli from shell egg samples were analyzed for resistance to 16 antimicrobials. Shell eggs (n = 990) 
from multiple points in 3 commercial plants were individually sampled using a saline rinse. Pooled samples 
were pre-enriched in buffered peptone water and selectively enriched in TT and Rappaport-Vassiliadis broths. 
Presumptive Salmonella colonies from selective agar plates (BGS and XLT-4) were identified and serotyped. 
Enterobacteriaceae were enumerated from individual shell rinses by use of Violet Red Bile Glucose agar plates. 
Randomly selected isolates were identified as E. coli. Salmonella and E. coli antimicrobial susceptibility testing 
was conducted with a semi-automated system. A greater degree of resistance was observed with Salmonella 
isolates (n = 41) than with E.coli isolates (n = 194). Of the Salmonella isolates, S. Typhimurium was the most 
prevalent (69.0%) serotype and had the greatest multiple-resistance. Salmonella Kentucky, the least prevalent 
(5.0%) serotype recovered, was also the most susceptible. While 34.1% of the Salmonella were susceptible to all 
compounds, 60.1% were resistant to more than 5. Antimicrobials for which the greatest numbers of Salmonella 
isolates exhibited resistance were tetracycline (63.4%), nalidixic acid (63.4%), and streptomycin (61.0%). A 
majority of E. coli isolates (73.2%) were susceptible to all compounds studied. Other E. coli isolates exhibited 
resistance to tetracycline (29.9%), streptomycin (6.2%), and gentamicin (3.1%). Only 1% of E. coli isolates were 
resistant to 4 compounds. These data indicate that shell eggs can harbor resistant foodborne and commensal 
bacteria. 

T3-0l Multistate Foodborne Outbreaks in the United States, 1973 - 2003 
ELIZABETH BLANTON, Michael Lynch, and Chris Braden, CDC, 1600 Clifton Road NE, 
Atlanta, GA 30333, USA 

The US food supply includes many widely distributed food items. Contamination of these items can lead 
to widespread outbreaks of foodborne illness. To better characterize the epidemiology of multistate outbreaks 
in tl10 United States, we reviewed outbreaks reported to CDC. We reviewed data from the Foodborne Outbreak 
Reporting System from 1973 to 2003. We defined a multistate outbreak as a foodborne outbreak caused by 
a common food that was consumed in two or more states. From 1973 through 2003, 123 (0.6%) of 20890 
foodborne outbreaks were multistate outbreaks. These 123 outbreaks resulted in 15,011 illnesses, 1108 
hospitalizations, and 72 deaths. The number and size of multistate outbreaks reported increased during this 
30 year period, from 28 outbreaks with a median size of 27 persons during 1973 - 1983, to 79 outbreaks 
with a median size of 47 persons during 1993 - 2003. For 119 multistate outbreaks the etiology was known: 
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Salmonella ( 41% of outbreaks), enterohemorrhagic E. coli (15%), Hepatitis A (7%), Norovirus ( 6%), Listeria 

monocytogenes (5%), Shigella (4%) and other pathogens (22%). In 110 outbreaks, a specific food vehicle was 

implicated: fruits and vegetables (35% of outbreaks), beef (17%), shellfish (13%), dairy (10%), fish ( 4%), non­

dairy beverages ( 4%), poultry (3%), and other foods (14%). The number of multistate outbreaks has increased 

in the past 30 years. Fruits and vegetables account for over a third of these outbreaks. As more multistate 

outbreaks are identified, multistate coordination and action is critical to investigate, control, and prevent 

them in the future. 

T3-02 A Review of Foodbome and Wate1·bor11e Disease Outbreaks 1998 - 2004 

JUDY GREIG and Janet Harris, Public Health Agency of Canada, 160 Research Lane, Unit 206, 

Guelph, ON, NlG 5B2, Canada 

In response to the information need associating aetiology and food vehicle, data were examined from 

1,964 outbreaks reported from 1998 to 2004. Information collected from peer-reviewed journals, newspapers, 

listservs, press releases, and government websites was entered into a Microsoft Access'" database. The majority 

of the outbreaks were reported from the USA (59%), the EU (14%), Canada (10%) and Australia and New 

Zealand (7%). There were 970 deaths and 100,496 confirmed cases of illness reported. Aetiology was identified 

in 85% of outbreaks: bacterial disease 62%; viruses 18%; and parasites 4%. The most frequently reported 

aetiologies were Salmonella in 31% of outbreaks, norovirus in 14%, Escherichia coli in 11% and Clostridium 

per.fringens in 4%. Waterborne outbreaks resulted in the most deaths: Vibrio cholerae (529) and hepatitis 

E virus (139). The majority of deaths from mainly foodborne pathogens resulted from E. coli ( 66), Listeria 

monocytogenes (27), Shigella (26), Salmonella (25) and Staphylococcus aureus (16). Restaurants and 

commercial caterers were associated with 37% of the outbreaks, the home 20%, school 6%, and hospitals/homes 

for aged 3%. Home/community based outbreaks were associated with 84% of the reported deaths, schooV 

daycare 5%, processing plants 2%, church/community centers 2%, hospitals or homes for the aged 2% and 

restaurants or catering 1%. Food vehicles were identified in 60% of the outbreaks and included multi-ingredient 

foods 17%; meats 17%; water 9%; produce 9%; and seafood 6%. The most frequently reported causative factors 

were water system deficiencies, eating of raw food, ingestion of recreational water, inadequate cooking and 

infected food handlers. 

T3-03 Outbreak Alert! Trends in Foodbome Illness Outbreaks, 1990 - 2003 

CAROLINE SMITH DEWAAL and Giselle C. Hicks, Center for Science in the Public Interest, 

1875 Connecticut Ave. NW, #300, Washington, D.C. 20009, USA 

The Center for Science in the Public Interest (CSPI) maintains a unique database of foodborne illness 

outbreaks in the United States, categorized by food vehicles. Linking outbreaks to specific foods alerts consum­

ers to food safety hazards and provides policy-makers with better information for food safety resource alloca­

tion. CSPl's database was compiled from sources including the Centers for Disease Control and Prevention 

(CDC), state health departments, and medical and scientific journals. It is updated regularly, and contains only 

outbreaks with known or suspected etiology and food vehicles. The database is extremely useful to identify 

trends, for example, whether food types implicated in restaurant outbreaks differ from those due to home­

prepared foods. Between 1990 and 2003, 4,491 foodborne illness outbreaks with 138,696 cases were listed 

in the CSPI database. Forty percent (n = 1,777) of these outbreaks were identified as occurring in restaurants, 

while twenty-three percent (n = 1,028) occurred in private households. The food most commonly linked to 

outbreaks in both settings was seafood, although it constituted a greater proportion of outbreaks within private 

homes than within restaurants (31% vs. 23%, P < 0.05). Produce was linked to the most cases in restaurants 

(30%), but not within private households (13%), where both seafood (14%) and beef (12%) were also among 

the foods most commonly linked to cases. These findings suggest that differences exist in the foods associated 

with restaurant outbreaks and home-prepared food outbreaks. Contributing factors may include consumption 

trends, the number of people involved in food preparation, and differing risks of cross-contamination. 

T3-04 Difference in the Causes of Foodbome Illness among Young Children and Older Adults 

in the United States, 1998 - 2003 

RACHEL WOODRUFF, John Painter, and Chris Braden, CDC, 1600 Clifton Road NE, Atlanta, GA 

30333,USA 

Background: Young children and older adults are the most susceptible to foodborne illness. Variation in the 

most important foodborne agents and food vehicles with age has not been described. We reviewed foodborne 

outbreak data reported through the National Electronic Foodborne Outbreak Reporting System (EFORS) from 

1998 through 2003. Outbreaks were included if at least 50% of ill persons were under the age of 5 years or over 

the age of 49 years. Between 1998 and 2003, 109 outbreaks were reported in which at least half of the cases 

were under 5 years of age (2710 illnesses in children under 5). Of those 109 outbreaks, 57 had known etiolo­

gies: 86% were bacterial (16 Salmonella, 8 E coli and 5 Yersinia enterocolitica outbreaks), 10% viral, and 3% 

marine biotoxin. Thirty-three of the 109 (30%) had known vehicles; the most frequent were poultry (42%) and 

pork (18%) products. There were 1005 outbreaks reported in which at least half of the cases were over 49 years 
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of age (21,043 illnesses in adults over 49). Of those 1005 outbreaks, 603 (60%) had known etiologies: 49% were 
bacterial, 38% viral, and 11% marine biotoxin. 301 of the 1005 had known vehicles; the most frequent were 
seafood (35%), poultry (18%), fruits/vegetables/grains (16%), and beef (15%). Most foodborne outbreaks affecting 
young children were caused by bacterial pathogens; poultry was the most common vehicle. Both bacteria and 
viruses were common etiologies in older persons; poultry was a less common vehicle amongst older adults than 
young children. 

T3-05 Salmonella Serotype Enteritidis Outbreaks in the United States, 1993-2003 
NYTZIA E. PEREZ, Christopher R. Braden, and Timothy J. Barrett, CDC, 1600 Clifton Road, 
NE MS-A-38, Atlanta, GA 30333, USA 

Salmonella Enteritidis (SE) emerged in the US in the 1980s. SE is the second most common human 
Salmonella serotype and is often associated with egg contamination. National SE outbreak surveillance data 
was reviewed from 1993 through 2003 to determine outbreak characteristics and trends. A total of 517 
confirmed outbreaks of SE were reported. These outbreaks resulted in 17,112 illnesses, 1,370 (8%) hospitaliza­
tions, and 22 ( < 1%) deaths. A suspected food vehicle was identified for 408 (79%) outbreaks; 230 (53%) of 
these were confirmed by culture or statistical association. Eggs were ingredients in 172 (74%) of the 230 
outbreaks with confirmed food vehicle. In addition, eggs were ingredients in 113 (63%) of 178 outbreaks in 
which the suspected food item was not confirmed. Commercial foods were implicated in 276 (53%) outbreaks. 
Egg traceback investigations were conducted for 73 ( 42%) of 172 outbreaks in which the suspected or con­
firmed vehicle contained eggs. The most common phage types were 8 (32%), 13a (24%), and 4 (19%). The two 
regions with the highest number of SE outbreaks reported were the Mid-Atlantic and the Pacific states. There 
was a decline in reported outbreaks from 66 in 1993 to 34 in 2003. The number of cases in outbreaks de­
creased from 2,215 in 1993 to 578 in 2003. National SE outbreak surveillance revealed a decline in outbreaks 
in the last decade, possibly because of improved prevention, including improved food handling due to egg 
traceback investigations and intervention programs which prevented SE contamination to shell eggs. 

T3-06 Public Health Investigation of Salmonella in Raw Shell Eggs Used in Catering 

CHRISTINE L. LITTLE, Satnam K. Sagoo, Richard Elson, Robert T. Mitchell, Linda Ward, John 
Threlfall, Iain Gillespie, Bob Adak, Gordon Nichols, and Henry Smith, Health Protection Agency, 
I-IPA Centre for Infections, 61 Colindale Ave., London, NW9 SEQ, UK 

The Health Protection Agency in October 2002 initiated an outbreak-related public health investigation 
(PHI) in response to a dramatic change in the epidemiology of Salmonella enterica serotype Enteritidis in 
England and Wales thought to be associated with raw shell eggs. Raw shell eggs from premises linked to 
outbreaks, or their sources of supply, were examined for the presence of Salmonella spp. It is important to note 
that the focus of this investigation undoubtedly influenced the rates of contamination reported. Eggs sampled 
were those in use in food premises or suppliers at the time of sampling, Between October 2002 and November 
2004, 12,615 shell eggs were sampled, and Salmonella spp. was recovered from 4.1% of eggs. Salmonella was 
isolated from 5.5% of Spanish eggs used in catering premises linked to outbreaks - a level significantly higher 
than that (1.1%) found in non-Lion Quality UK eggs sampled. The small sample of UK Lion Quality eggs tested 
(reflecting their lack of use in premises visited) did not contain Salmonella. Eighteen different strains of 
S. Enteritidis were isolated from Spanish eggs and often, egg and human Salmonella isolates were indistin­
guishable by molecular typing techniques. A number of S. Enteritidis strains recovered from these eggs has 
never been hitherto reported. The use of Spanish eggs by the catering sector has been identified as a consistent 
causal factor in many of the outbreaks of S. Enteritidis non-PT4 infection in England & Wales during 2002-
2004. The significance of these findings for public health will be discussed. 

T3-07 Analysis of Food Commodities Recalled for Microbial Reasons 2003 - 2004 
JUDY GREIG and Janet Harris, Public Health Agency of Canada, 160 Research Lane, Unit 206, 
Guelph, ON, NlG SB2, Canada 

Outbreak investigations attempt to associate specific food or water vehicles with the causative pathogen. 
Information from recalls confirms the source of foodborne disease and identifies new commodity-pathogen 
combinations. Analysis of country-of-origin data for recalled products identifies areas where contamination 
occurs. In response to the information need associating aetiology and food vehicle, data were examined from 
940 recalls reported for 2003 and 2004. Information collected from peer-reviewed journals, newspapers, 
listservs, press releases, and government websites was entered into a Microsoft Access'" database. Most recalls 
were reported from the EU (57%), the USA (27%) and Canada ( 4%). The majority of recalled meat, dairy, 
poultry and seafood products originated in Europe. North America was the origin of the majority of recalled 
produce and nuts. Bacterial contamination caused 97% of all recalls, reflective of testing bias. The most 
frequently reported pathogens were Salmonella ( 43%), Listeria (30%), Vibrio parahaemolyticus ( 6%) and 
Escherichia coli (6%). Food groups most frequently associated with recalls were meats (38%); seafood (27%); 
dairy (11%); produce (6%) and nuts (5%). Salmonella was associated with the largest number of recalls in all 
meat categories: poultry 58%, beef 43% and pork 76%. Seafood contaminants included Listeria (33%), vibrios 
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(24%) and Salmonella (17%). Dairy products were most often recalled because of Listeria ( 66%). Half of all 
produce recalls were due to Salmonella and 29% due to Listeria. Analysis of recalls focuses allocation of 
inspection and testing resources on commodities of greatest risk. Identification of novel commodity-pathogen 
combinations can prevent foodborne illness. 

T3-08 Salmonella Serotypes in Selected Classes of Food Animal Carcasses and Raw Ground 
Products, 1990 - 2000 

PRISCILLA LEVINE, Bonnie E. Rose, Alecia L. Naugle, Gerri M. Ransom, Walter E. Hill, and Moshe 
Dreyfuss, USDA-FSIS-OPHS, 1400 Independence Ave. SW, Room 344 Aerospace Center, Washington, 
D.0. 20250, USA 

From 1990 through 2000, the United States Department of Agriculture (USDA), Food Safety and Inspec­
tion Service (FSIS) conducted fifteen separate microbiological baseline studies/surveys for selected classes of 
food animal carcasses and raw ground products to estimate the prevalence of Salmonella spp. contamination. 
Here, we report the frequencies of Salmonella serotypes recovered from these baseline studies/surveys and 
describe the relative rankings for individual serotypes within and among certain product classes: young 
chicken carcasses, young turkey carcasses, goose carcasses, ground chicken, ground turkey, cattle carcasses 
(cows, bulls, steers, and heifers), ground beef, swine carcasses, and fresh pork sausage. Sampling and microbio­
logical methods are described in official FSIS reports and laboratory guidelines. In total, serotype information 
was obtained for 1,955 Salmonella isolates. The observed distribution of 70 discrete serotypes reveals the 
diversity and variety of serotypes both within and among specific classes of red meat and poultry products. 
For example, in carcasses and raw ground product originating from chicken, S. Kentucky, S. Heidelberg, and 
S. Hadar represented 50.3% of serotyped isolates; in swine carcasses and fresh pork sausage, S. Derby, 
S. 'fyphimurium (Copenhagen), and S. Anatum represented 47.6% of serotyped isolates. This report is the 
first to present data regarding the specific serotypes isolated during the course of FSIS baseline microbiological 
testing for Salmonella, thus presenting important regulatory and public health information. 

T3-09 Studies to Evaluate Chemicals/Conditions for Lowering Microbial Counts on Cattle Hides 
DSC BRANDON A. CARLSON, Ifigenia Geornaras, Yohan Yoon, John A. Scanga, Keith E. Belk, John 

N. Sofos, and Gary 0. Smith, Colorado State University, Dept. of Animal Sciences, Fort Collins, 
CO 80523-1171, USA 

T3-l0 
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Contamination of beef carcasses with Escherichia coli 0157:H7 has been attributed primarily to transfer 
of such contamination from the hide during its removal. This study evaluated the efficacy of antimicrobials 
for reduction of contamination on cattle hide samples. The samples (25 cm2

) were inoculated with a 5-strain 
composite of rifampicin resistantE. coli 0157:H7, and then sprayed (7 s) with acetic acid (AA, 10%; 23 or 
55°0), lactic acid (LA, 10%; 23 or 55°0), sodium hydroxide (SH, 3%; 23°0), sodium metasilicate (SM, 4 and 5%; 
23°0), or distilled water (DW; 23'0). Each chemical solution was also applied before or after spraying with 
distilled water (7 s). Two min following final spraying, samples were placed into DIE neutralizing broth, 
pummeled (2 min) and plated on tryptic soy agar (TSA) + rifampicin (100 µg/ml) plates. Initial populations 
(6.3 ± 0.5 log CFU/cm2) were reduced by 1.8 to 2.5 log CFU/cm2 when subjected to AA (55°0), LA (55°0), SH 
or SM ( 4 or 5%) sprays followed by water rinse. These, the most effective treatments, were then evaluated for 
reductions of aerobic plate (APO), total coliform (TOO) and E. coli (ECO) counts by spraying specified areas of 
whole uninoculated cattle hides. Initial populations were 3.9 to 4.3 and 3.7 to 4.1 log CFU/100 cm2 for TOO and 
ECO, respectively. Average ECO reductions for all treatments were 2.2 to 2.9 log CFU/100 cm2

• Of treatments 
evaluated, the organic acids are the least corrosive and the most worker-safe treatments. Thus, they may be 
worthy of further consideration for application as potential interventions for lowering microbial contamination 
on hides of incoming slaughter cattle. 

An Innovative Method for the Recovery of Escliericliia coli, Olostridia, and Ye1·sinia 
enterocolitica from Air Samples 

BETH CROZIER-DODSON and Daniel Fung, Kansas State University, Dept. of Animal Sciences 
and Industry, 1600 Midcampus Drive, Call Hall 202, Manhattan, KS 66506-1600, USA 

Recovering and identifying bacteria from the air can be difficult due to drying stress, nutritional deficien­
cies, or injuries incurred during air sampling. Previous studies using conventional agars for recovery of bacteria 
from air samples identified only 2/511 (0.004%) bacterial isolates as Escherichia coli, none as Clostridia, and 
only 1/511 (0.002%) isolates as Yersinia. As these bacteria may be under-reported, a new method for the 
recovery of E. coli, Clostridia, and Yersinia enterocolitica from animal confinement air samples was devised. 
Air samples were collected on Tryptic Soy Agar plates using an impaction air sampler. Depending on the 
location, 60 to 180 L of air were sampled. The plates were overlaid with 25 ml of either Fluorocult® Brilliant 
Green 2% Bile (BRILA) broth for E. coli, Differential Reinforced Clostridial broth (DRCM) for Clostridia, or an 
in-house-developed broth for Y. enterocolitica enrichment. The DRCM plates were sealed with Parafilm® and 
all plates were incubated for 24 to 48 hat 35 to 37°C. Following incubation, cultures were identified using 
appropriate microbiological methods and test kits. Using the new approach, 75% of the BRILA plates recovered 
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E. coli, 80% of the DRCM plates recovered Clostridia, and 100% of the plates containing the newly developed 
broth recovered Y. enterocolitica. This research is significant as we successfully identified a novel, effective, 
and simple method for the recovery of E. coli, Clostridia, and Y. enterocolitica from air samples. Moreover, 
a highly selective Y. enterocolitica enrichment medium was developed. 

Sensitive Detection of Listeria monocytogenes Using Fully Engineered Recombinant scFv 
Antibody ll'ragments 

PAUL LEONARD, Stephen Hearty, John Quinn, and Richard O'Kennedy, Dublin City University, 
School of Biotechnology, National Center for Sensor Research, Dublin, D9, Ireland 

Listeria monocytogenes is a major concern to the food industry and has been responsible for many recent 
well-publicized food poisoning outbreaks. The inclusion of L. monocytogenes in the list of organisms subject to 
HACCP has driven the search for detection methods suitable for on-line monitoring. The aim of this work was 
the development of a biosensor-based immunoassay for the sensitive detection of L. monocytogenes. We have 
generated murine recombinant scFv antibody fragments against the L. monocytogenes invasion-associated 
protein, internalin B (In!B). The gene encoding In!B was cloned into E. coli, biotinylated in vivo and used for 
the selection of anti-In!B antibody fragments by phage display on streptavidin-coated magnetic beads. Random 
mutagenesis techniques such as DNA shuffling and error prone PCR were employed to affinity maturate 
selected scFv antibodies. Antibody binding kinetics were analysed, using the Biacore 3000 optical biosensor, to 
evaluate affinity improved antibody mutants. Epitope mapping studies were performed to define the antibody­
binding domain of immobilized metal affinity chromatography (IMAC)-purified recombinant In!B fragments of 
varying lengths. Antibodies expressed in soluble form were found to interact with the N-terminal region of In!B 
(region consisting of the cap and leucine rich repeat (LRR) domains) by Western blot analysis. Selected 
antibodies were characterised by ELISA and used in the development of new biosensor-based immunoassay 
for the reliable detection of L. monocytogenes from enriched samples. 

Listeria monocytogenes Subtypes Commonly Found in Foods Show Reduced Invasion 
in Human Intestinal Cells Due to Distinct Non-sense Mutations in inlA 
KENDRA NIGHTINGALE, Katy Windham, Kelly Martin, Marie Yeung, and Martin Wiedmann, 
Cornell University, 412 Stocking Hall, Ithaca, NY 14853, USA 

Internalin A (InlA), encoded by inlA, is a cell wall anchored surface protein that is sufficient for Listeria 
monocytogenes to invade human intestinal epithelial cells. Previous in!A sequencing data revealed three novel 
nonsense mutations leading to premature inlA stop codons. To probe the distribution of these mutations, 
additionalL. monocytogenes isolates from human clinical cases (n = 46), foods (n = 116), and healthy animals 
(n = 58) were screened for the presence of premature in!A stop codons. Premature inlA stop codons were 
observed in sixL. monocytogenes strains (EcoRI ribotypes). While all isolates belonging to ribotypes DUP-
1046B, DUP-1062A, DUP-16645A, and DUP-1031A contained premature inlA stop codons, ribotypes DUP-
1052A and DUP-1025A contained isolates with and without premature inlA stop codons. Western immuno­
blotting showed that these non-sense mutations in inlA resulted in production of an InlA that was truncated 
in size and secreted rather than cell wall anchored. Searches of the PathogenTracker database, which contains 
subtype and source information for more than 5,000 L. monocytogenes isolates, showed that the six ribotypes 
known to contain isolates with premature inlA stop codons were common among food isolates and rarely 
associated with human listeriosis. A Caco2 cell invasion assay L. monocytogenes isolates with a truncated 
and secreted InlA have significantly (P < 0.0001) reduced invasiveness in human intestinal epithelial cells as 
compared to isolates with a full-length InlA. Our data showed that specific L. monocytogenes strains, which 
are common among US food isolates but rarely associated with human listeriosis, carry inlA mutations leading 
to an attenuated invasion phenotype. 

Determination of Minimum Inhibitory Concentrations of Sodium Lactate and Sodium 
Diacetate Combinations against Individual Listeria monocytogenes Strains 
GIANNA DURAN and John N. Sofos, Colorado State University, Dept. of Animal Sciences, 
1171 Campus Delivery, Fort Collins, CO 80523-1171, USA 

Processors include combinations of sodium/potassium lactate and diacetate in the formulation of ready­
to-eat meat and poultry products for control of Listeria monocytogenes. Lactate and diacetate are approved 
by the Food Safety and Inspection Service for use in these products at levels up to 4.8% and 0.25%, respectively. 
The objective of the present study was to determine MIC of lactate (0 to 4.8%) and diacetate (0 to 0.25%) 
combinations in broth, using 96-well microtiter plates; four strains, classified from previous studies as fast­
(N7150 and 558) and slow-growing (Scott A and NAl), were studied. Growth responses at 4°0 (60 days), 7°C 
(15 days) and 30°0 (24 h) were determined turbidimetrically (630 nm) with a microplate reader. At 7°C, MIC 
of lactate and diacetate ranged from 0.5 to 4.8%, and 0.1 to 0.2%, respectively, depending on strain. The MIC 
(7°C) of combinations of lactate/diacetate (%) were 3/0.1 and 2/0.15, 2.5/0.05 and 2/0.1, 0.5/.05, and 2/0.05 
for strains N7150, 558, Scott A and NAl, respectively, and the results suggested that lower lactate/diacetate 
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concentrations were effective for slower growing strains. Overall, growth at TC was inhibited by 4.8% lactate or 

0.15% diacetate or by combinations of 2.5% lactate and 0.05% diacetate or 2% lactate and 0.1% diacetate, while 

at 30°0 the effective combination consisted of 1.5% lactate and 0.2% diacetate. These results should be useful 

in efforts to validate optimal co'ncentrations of lactate/diacetate for control of L. monocytogenes in broth. 

Combined Inhibition of Listeria monocytogenes Growth Using Lactic Acid, MonofaUl'in, 
and Nisin 

OLEKSANDR TOKARSKYY and Douglas L. Marshall, Mississippi State University, Dept. of Food 

Science, Nutrition and Health Promotion, Mailstop 9805, Herzer Bldg., Starkville, MS 39762, USA 

Listeria monocytogenes is a foodborne pathogen associated with refrigerated ready-to-eat foods. One 

approach to control this pathogen is through use of antimicrobial ingredients in the formulation or as decon­

tamination aids. To overcome the sensory limitations of some antimicrobials, such as organic acids, use of 

combined agents at lower concentrations may be useful. Previous work has shown that lactic acid, monolaurin, 

and nisin have individual antimicrobial activity against£. monocytogenes. The objective of this study was to 
evaluate L. monocytogenes growth inhibition by combinations of lactic acid, monolaurin, and nisin. Using 

a microtiter plate growth assay, two levels of each antimicrobial, zero and sublethal concentrations (0.24% 

lactic acid at pH 5.43, 5 µg/ml monolaurin, and 25 IU/ml nisin) were used individually or combined to assess 

L. monocytogenes ATOC 7644 growth at 35°0 in trypticase soy yeast extract broth for 40 h. All combinations 

of factors and their levels resulted in N = 2n experimental design. The four•parameter Gompertz equation was 

applied to growth curves to calculate detection time and growth rate. Treatments that included lactic acid and 

nisin, monolaurin and nisin, and the three combined antimicrobials prevented growth. The combination of 

lactic acid and monolaurin resulted in a slower combined growth rate (0.023 A600/h) and a longer detection 

time (26 h) than either antimicrobial alone (0.041 A600/h and 10.6 h for lactic acid and 0.210 A600/h and 8.4 7 

h for monolaurin). This study demonstrates that a combination of lactic acid, monolaurin, and nisin may prove 

useful to control growth of L. monocyto&enes. 

The Antibacterial Effects of Decanol with and without Nisin against Listei·ia monocytogenes 

Strains 

I-IESHAM A. ELGAALI, Melissa C. Newman, Thomas R. Hamilton-Kemp, and William B. Mikel, 

University of Kentucky, 221 W. P. Garrigus Bldg., Lexington, KY 40546-0125, USA 

Historically alcohol has been used to control pathogenic bacteria in the meat industry. In the present study 

the minimum inhibitory concentration (MIC) for decanol, a natural by-product of enteric bacteria, was deter­

mined for six strains of Listeria monocytogenes (LM) (pH 7 and 30JO). The antibacterial effect of decanol in 

Muller Hinton Broth was determined spectrophotmetrically (660 nm) following 12, 24, 36, 48, and 60 h of 

incubation. Greater than or equal to 40-ppm decanol concentrations significantly inhibited the growth of all 

LM strains compared to control samples (P < 0.05). Decanol concentrations less than 30-ppm increased the 

population of LM strains at 24 h. To evaluate the ability of decanol to affect the antilisterial activity of nisin, 

cultures were grown in the presence of both compounds. Nisin concentrations of 400 and 800 IU in combina­

tion with 20-ppm decanol showed significant population reductions of LM following 24 h of incubation com­

pared to a control (P < 0.05). Following 24 hrs incubation cell populations increased and reached 109 OFU/ml 

at 60 hrs. Lower concentrations of nisin (100 and 200 IU) did not have any significant effects on reducing LM 

population (P < 0.05). Treatments containing decanol concentrations of 10, 20 and 30-ppm and 50 IU nisin 
were examined and results showed no significant inhibitory effect on total LM population (P < 0.05). These 

results indicate that decanol is effective in reducing LM populations in broth cultures and may be an effective 
option for controlling LM in meat products. 

T4-04 Multi-drug Resistance in Nalidixic Acid Resistant Mutants of Salmonella Typhimurium 

DSC KAREN KILLINGER MANN and Mindy Brashears, Texas Tech. University, Box 42141, Lubbock, 

TX, 79409, USA 

The emergence of multi-drug resistant foodborne pathogens is a concern affecting human and animal 

medicine as well as the food processing industry. Acquisition of antibiotic resistance can occur through chromo­

somal mutations or horizontal transfer. To examine the development of multi-drug resistance through chromo­

somal mutations, 21 nalidixic acid resistant mutants were developed using Salmonella Typhimurium ATOO 

14028 as the wild type strain. Mutants were developed separately in a stepwise selection with a 50 µg/ml endpoint 

resistance. Minimum inhibitory concentrations were determined for 15 antibiotics, using a 96 well microdilution 

plate; resistance was determined by use of the Clinical and Laboratory Standards Institute interpretive standards. 

The wild-type strain was susceptible to all of the antibiotics tested. Multi-drug resistance was observed in the 

nalidixic acid resistant mutants; 11 mutants were resistant to two or more antibiotics. One mutant was resistant 

to 6 antibiotics (nalidixic acid, sulfisoxazole, tetracycline, chloramphenicol, cefoxitin and streptomycin). Mutants 

with resistance to four and five antibiotics were also observed. Six mutants were resistant to two antibiotics, and 

2 mutants were resistant to 3 antibiotics. The most common resistance observed was sulfisoxazole (6 mutants), 
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followed by chloramphenicol (5 mutants), cefoxitin and streptomycin (4 mutants, respectively) and tetracycline 
(3 mutants). Studies have shown the number of foodborne pathogens with resistance to nalidixic acid appears 
to be increasing, and both animal and human isolates of nalidixic acid resistant foodborne pathogens have been 
observed. The results of this study indicate that chromosomal mutations leading to nalidixic acid resistance can 
also produce multi-drug resistant Salmonella Typhimurium. 

T4-05 The Effect of Dried Plum Mixtures on Microbial Shelf Life of Ground Beef 
DSC LESLIE K. THOMPSON and Daniel Y.C. Fung, Kansas State University, SO Bridge St., 

North Tonawanda, NY, 14228, USA 
Spices and essential oils containing phenolic compounds can control or prevent the growth of foodborne 

pathogens and spoilage organisms in media and food systems. Commercial dried plums and dried plum 
mixtures (Prunus domestica cv. French) contain phenolics and have been shown to reduce foodborne patho­
gens in liquid medium, ground beef, and pork sausage. The objective of this study was to determine the effect 
of dried plum mixtures on the microbial shelf life of ground beef when added to meat with low or medium 
initial aerobic plate count (APC). The effect of dried plum mixtures on microbial shelf life of ground beef was 
determined by adding plum juice concentrate, dried plum puree, or prune powder to ground beef at 3% and 6% 
for low initial APC and 6% for medium APC and comparing to ground beef without dried plum mixtures. The 
meat was stored at 7°C for 18 days, with APC determined every other day for the extent of storage. The dried 
plum mixtures were able to increase the microbial shelf life of ground beef by maintaining the APC of the 
ground beef with dried plum mixtures after initial growth with the low APC samples and throughout storage 
with the higher initial APC samples while the APC of the ground beef without dried plum mixtures continued 
to increase to greater than 9 log CFU. Because of the dried plum mixtures' ability to control microbial growth, 
the addition of dried plums to ground beef would be very beneficial. 

T4-06 A Comparative Study as Related to the Effects of Glucose Monohydrate, Hot Water 
and Sodium Pyrophosphate on Some Quality Critel'ia of Deboned and Matmed Brisket 
UGUR GOGUS, Faruk Bozoglu, and Hami Alpas, Middle East Technical University, Vocational 
School of Higher Education, Ankara, Turkish Republic, 06531, Turkey 

Organic acids, hot water and chlorine have been commonly used in carcass decontamination for years. 
Organic acids had adverse effects on color and were corrosive, while high temperature water was discoloring. 
On the contrary, glucose fermentation by lactic acid bacteria in meat during rigor might be effective in micro­
bial inhibition without adverse effect. Maturation of beef brisket primal cuts occurred for 2 days at l1°C and 
then at S°C for 4 clays in 85% relative humidity. Briskets were dipped in D( +) Glucose Monohydrate (GM) 
(16.51 g/100 ml, 15%) on the 7th day of this maturation. Other primals were treated by hot water immersion 
(HW); Sodium Pyrophosphate (SPP) and HW; GM+SPP+HW; or GM+HW. 1.63 and 1.41 log reductions in 
coliforms, 1. 90 and 1.80 log reductions in Pseudomonas spp., and 0.83 and 0. 72 log reductions in MAB 
(Mesophile Aerobic Bacteria) were observed in GM+HW and SPP+GM+HW respectively at day 8 of shelf life 
under 4°C, indicating a significant protective effect of the concerned applications with their lowest acidity 
losses, while SPP's increasing effect of heat penetration was not detected during pasteurization, from the 
standpoint of Pseudomonas and coliform inhibitions (P < 0.05 and P < 0.01). 

T4-07 Prevalence and Enumeration of Eschericliia coli 0157 in Beef Steers Receiving Various 
Strains of Direct-fed Microbials 
LINDSAY M. CHICHESTER, Guy H. Loneragan, Mindy M. Brashears, Tyler Stephens, David J. Kunze, 
Tammy M. Platt, Lacey L. Proffit, and Douglas Ware, West Texas A&M University, P.O. Box 60419, 
Canyon,TX,79016,USA 

The need for effective strategies to control fooclborne pathogens in the pre-harvest area is increasing. 
Previous research has indicated steers supplemented with Lactobacillus acidophilus (strain NP 51) have 
reduced prevalence of E. coli 0157 and improved animal performance. We conducted a study to evaluate fecal 
E.coli 0157 prevalence and concentration in feedlot steers fed four differingLactobacillus-supplemented diets. 
Fecal samples were collected immediately prior to shipment to the abattoir. E. coli 0157 was detected with 
selective enrichment and IMS methodologies. A novel MPN method was used to determine concentration of 
E. coli 0157 on positive samples. Prevalence varied among the four treatment diets and the control (P < 0.01). 
The greatest prevalence was in the controls (26.6%), which was greater (P < 0.05) than those supplemented 
with NP51 or NP28. The greatestE. coli 0157 concentration was also observed in the controls (3.2 log CFU/ 
10g); this concentration was greater than in positive animals receiving NP51 or NP24 (P < 0.05). Specific 
strains and combinations of Lactobacillus reduced prevalence of E. coli 0157 by more than 50% in harvest­
ready cattle. In addition, treatment animals had on average, a 99% reduction in E. coli 0157 concentrations 
in their feces. 

170 - Journal of Food Protection Supplement 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/68/sp1/1/1678616/0362-028x-68_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

T4-08 Compal'ison of Petrifilm and Clll'omAgar ECC for Isolation of Escliericliia coli from Chicken 

J. STAN BAILEY, Paula F. Cray, Mark E. Berrang, and Jodi R. Plumbee, USDA-ARS-SAA-BEAR, 
P.O. Box 5677, Athens, GA 30606, USA 

Generic Escherichia coli is frequently recovered from processed broiler chickens, and FSIS is requiring 
meat and poultry slaughter plants to test carcasses for generic E. coli as an indicator of the adequacy of the 
plant's process control for fecal contamination. The majority of E. coli enumeration in the poultry and meat 
industries currently uses Petrifilm as the plating medium of choice. The objective of the current study was to 
determine if different subpopulations of E. coli were selected for by Petrifilm in comparison to ChromAgar 
ECG, a chromogenic medium for isolation of E. coli, and to compare the relative effectiveness of these two 
media to enumerate generic E. coli from processed broiler chicken rinsates. Rinse samples of broiler chickens 
taken from the processing line immediately after the picker or after the chill tank from eight processing plants 
were transported to the laboratory and sampled within 24 h. Serial dilutions of the rinses were plated on 
Petrifilm and ChromAgar, and plates were incubated for 24 and 48 h before counts were determined. Selected 
colonies were stored to compare antimicrobial resistance profiles and PFGE patterns. No significant difference 
in E. coli counts (log 2.58 vs log 2.49) were found between Petrifilm and ChromAgar. However, analysis of 
antibiotic resistance profiles and PFGE patterns indicates that the two plating media select for different 
subpopulations of E. coli. In general, ChromAgar selected for E. coli which had more antibiotic resistance. 
Further studies are required to determine the origins and significance of the differentE. coli populations. 

T4-09 The Microbial Efficacy of Commercial A1>plication of CPC Antimicrobial to Prechill Broiler 
Citrcasses 

KELLY BEERS, Christine Farrance, April Hernandez, Joe Rheingans, and Amy Waldroup, 
Safe Foods Corporation, Little Rock, AR 72118, USA 

A 90 day in-plant trial was conducted in an USDA-inspected broiler processing facility to determine the 
antimicrobial efficacy of Cecure (cetylpyridinium chloride:CPC) as a prechill whole carcass treatment. The 
trial was designed to evaluate microbial effects of treating inspection-held "visually contaminated" carcasses. 
Treatment of these carcasses was necessary to determine whether CPC could be utilized as an integral part of 
a plant's on-line reprocessing procedure for carcasses accidentally contaminated with digestive tract contents. 
Over the 90 day trial, carcasses were collected on 20 sampling days. On each day carcasses (n = 10) were 
collected at four sites, including visually clean carcasses before CPC treatment, visually contaminated car­
casses before CPC treatment, visually contaminated carcasses after CPC treatment, and visually contaminated 
carcasses after traditional off-line reprocessing (manual wash-out with chlorinated water). All carcasses were 
microbiologically evaluated for APC, E. coli, total coliform, incidence and level of Garnpylobacter, and inci­
dence of Salmonella. Treatment of visually contaminated carcasses with CPC significantly reduced APC by 2.5 
logs, Escherichia coli by 1.6 logs, total coliforms by 1.2 logs, and Garnpylobacter by 1.2 logs. CPC treatment 
resulted in greater than 90% and 70% reduction in incidence of Gampylobacter and Salmonella, respectively, 
on the prechill carcasses. The microbial condition of CFC-treated visually contaminated carcasses was signifi­
cantly improved in comparison to non-treated "clean" carcasses and traditional off-line reprocessed carcasses. 
The data suggest that use of CPC as a prechill carcass treatment provides a viable alternative to labor intensive 
off-line reprocessing as well as providing carcasses with significantly reduced microbial levels. 

T4-10 Random Amplified Polymorphic DNA Analysis and Antibiotic Resistance Patterns 
of Salmonella SJ>p. from Whole Broiler Carcass Rinses 

Leonard L. Williams, Rita Stevenson, ARETHA CLISBY, Cornelius Howard, Lloyd 1'. Walker, N'Jere 
Austin, and Tyrico English, Alabama A&M University, 4900 Meridian St., Normal, AL 35762, USA 

The objective of this study is to compare antibiotype and random amplified polymorphic DNA (RAPD) 
profiles of Salmonella isolates from whole broiler carcass rinses and determine the correlation between 
antibiotic susceptibility and RAPD profiles. In a previous study, 38 Salmonella isolates obtained from whole 
carcass broiler rinses (51% broiler samples positive for Salmonella) were tested for antibiotic resistance 
patterns against 10 antimicrobial agents. About 68% of the isolates were found to be resistant while 24 % were 
sensitive to antimicrobial agents. The isolates were further analyzed by random amplified polymorphic DNA 
(RAPD) analysis by use of five decamer universal primer pairs and compared with antibiotics susceptibility 
profiles. Five isolates from each susceptibility group or antibiotype (resistant, intermediate resistant and 
sensitive) were subjected to RAPD and a dendrogram was generated. The data showed that 66% of the strains 
resistance to antimicrobial agents had similar profiles in comparison to intermediate resistant (52%) and 
sensitive strains (38%). Overall, sensitive strains exhibited fewer polymorphic bands (11) compared to interme­
diate (18) or resistant (19) strains. This study indicates that the strains with increased resistance to antibiotics 
may have acquired antibiotic resistance genes during the evolutionary process, therefore showing higher 
genomic polymorphism or mutational divergence than the sensitive Salmonella strains. 
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T4- l l Antimicrobial Resistance Profiles of Salmonella, Campylobacter, and Escliericliia coli 
from Chickens Reared without Exposure to Antibiotics 
J. STAN BAILEY, Paula F. Cray, and Mark E. Berrang, USDA-ARS-SAA-BEAR, P.O. Box 5677, 
Athens, GA 30606, USA 

The antibiotic resistance profiles of Salmonella, Campylobacter, and Escherichia coli from retail broiler 
chickens reared without exposure to subtherapeutic or therapeutic antibiotics were determined. For Salmo­
nella and E. coli, resistance profiles to the antibiotics used in the National Antimicrobial Resistance Monitoring 
System (NARMS) were compared to those previously reported for NARMS poultry isolates. Overall resistance of 
Salmonella isolates from chickens reared free of antimicrobials was less than observed in poultry isolates from 
NARMS. Only ampicillin resistance was found more frequently among the current study isolates and this was 
attributed to one sampling period from one company. Overall, E. coli isolates also demonstrated less resistance 
than NARMS isolates, with the exception of kanamycin and trimethoprim/sulfamathoxazole, which were 
resistant at approximately the same levels as NARMS isolates. Campylobacter were tested for resistance to 
eight antimicrobials. C. jejuni from chickens reared free of antimicrobials were susceptible to azithromycin, 
clindamycin, and eythromycin. Resistance was only observed for ciprofloxacin (n = 33; 15.2%), naladixic acid 
(n = 33; 15.2%), and tetracycline (n = 33; 48.5%). Overall, isolates of C. coli were more resistant than isolates 
of C. jejuni. While less antimicrobial resistance was observed in isolates from chickens reared without exposure 
to antibiotics, resistance was still observed for all major classes of antimicrobials. This suggests that rearing of 
chickens without antimicrobials decreases, but does not eliminate, the prevalence of resistance. 

T4-12 Deconbunination of Whole Cantaloupes Using a Pilot-scale Chlorine Dioxide Gas Treatment 
System 

YINGCHANG I-IAN, Travis L. Selby, Fan Yang, Shuangqi Hu, Philip E. Nelson, and Richard I-I. Linton, 
Purdue University, 7 45 Agriculture Mall Drive, West Lafayette, IN 4 7907, USA 

Multi-state cases of salmonellosis from cantaloupes have raised concern. Our objectives were to evaluate a 
pilot-scale 0102 gas treatment system to reduce Salmonella on cantaloupes and its effects on microbial quality 
and skin color after the treatment and during refrigerated storage. Each cantaloupe was spot-inoculated with 
7 to 8 log CFU of a mixture of five Salmonella strains on an area of 4 x 4 cm2 of cantaloupe surface, stored for 
24 hat 22°0, treated with 5 to 12.5 mg/I 0102 gas for 10 min at 22°0 and 80 to 95% relative humidity with an 
automated pilot-scale treatment system, and then stored for 1 to 4 weeks at 4'0. Populations of Salmonella, 
aerobic plate count (APO), and yeast and molds (YM) were determined by surface-plating on xylose lysine 
desoxycholate agar, plate count agar, and dichloran rose bengal chloramphenicol agar, respectively. Surface 
.color was measured using a Hunter colorimeter. The levels of Salmonella were reduced by 3.31 log CFU 
-immediately after 5 mg/I treatment and further reduced by 4.98 log CFU in total after one-week storage. The 
12.5 mg/I treatment led to a reduction of 4. 70 ± 1.07 log Salmonella, 3.0 ± 1.18 log on APO, and 2 3.80 ± 0.4 
log on YM. Further storage for 4 weeks at 4°0 resulted in a total reduction of 6.0 ± 0.12 log Salmonella, 4.17 
± 2.0 log on APO, and 3.77 ± 0.62 log on YM. During the storage, Salmonella level decreased and APO and YM 
populations increased on untreated samples. No significant color changes were observed after 010

2 
gas treat­

ments. 0102 gas technology is promising for reducing Salmonella and maintaining quality on cantaloupes. 

T5-0l Foodborne Illness Litigation and How to Avoid It 
WILLIAM D. MARLER, Marler Clark LLP, PS, 701 Fifth Ave., Suite 6600, Seattle, WA 98104, USA 

Pathogens in food cause an estimated 76 million cases of human illness in the United States each year. 
CDC estimates that 325,000 individuals are hospitalized and 5,000 people die as a result of consuming con­
taminated food. Only a small percentage of these injured persons pursue legal action as a result of their illness 
but when they do, it can mean catastrophe to a food service establishment and its suppliers. Based on the rule 
of strict liability, food service administrators can be held liable if the food they serve is unsafe and causes 
injury. The speaker will discuss issues such as liability and how it is determined, the discovery process, and 
why ignorance is a bad defense. Real-life examples from past foodborne illness litigation will be used to illus­
trate how food service establishments can avoid catastrophe and survive in the event a foodborne outbreak 
occurs. 

T5-02 Framework for Identification and Collection of Data Useful for Risk Assessments of Mic1·obial 
Foodborne or Waterborne Hazards 
ILSI Risk Science Institute Advisory Group on Data Collection for Microbial Risk Assessment, 
ILSI Risk Science Institute, One Thomas Circle, Washington, D.C. 20005, USA 

The ILSI Risk Science Institute (RSI) has established an Advisory Committee on Data Collection for 
Microbial Food Safety Risk Assessment (MRA) in developing countries. The committee includes representatives 
from FAO, WHO, governments, non-profits and academics from Asia, Europe, Africa and the Americas as well 
as ILSI branches. There is a need for capacity building in developing countries, both in how to do MRA, and on 
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the types of data needed to ensure that the risk assessments are meaningful. At present, data for international 
risk assessments come mainly from North America, Western Europe, Australia, New Zealand and Japan, as few 
data are available from other regions of the world. Risk assessments will be more relevant and useful if a 
broader data set is used, particularly when collecting data for exposure assessment or epidemiological food 
attribution. The Committee is developing a framework for data collection for MRA that could be used by 
national governments worldwide. The framework includes specific information on how governments can use 
existing data, and what types of new data may need to be generated in order for an assessment of risk to be 
made. The document lists both the minimum and the optimum data sets needed for MRA, focusing on data to 
determine burden of foodborne and waterborne disease, contamination of food/ water and food consumption 
patterns. Case studies on Vibrio in shellfish in Thailand and Malaysia and on Gampylobacter in chickens in 
Uganda are used to illustrate the framework. 

T5-03 The OIE Standard for BSE: A Case of International Risk Management 
MARK R. POWELL, USDA, 1400 Independence Ave., SW, Room 5248 SAG, Washington, 
D.C. 20250, USA 

The World Organization for Animal Health (OIE) standard for bovine spongiform encephalopathy (BSE) is 
reviewed, focusing on the criteria for classifying the risk status of a country's cattle population. The decisional 
criteria used in crafting the international BSE standard are compared with those prescribed for national 
standards under the World Trade Organization (WTO) Sanitary and Phytosanitary Agreement (SPS Agree­
ment). The SPS Agreement may be interpreted to require purely risk-based national standards designed to 
achieve a country's appropriate level of protection (ALOP). The OIE standard for BSE is not based on a 
numeric risk estimate or safety standard. Instead, it qualitatively classifies the risk status of a cattle population 
based on a combination of numeric and narrative criteria and identifies restrictions on trade in live animals 
and animals products that are considered commensurate with the BSE risk classification. The OIE standard­
setting involves balancing the risks and benefits of trade and consideration of other factors, such as enforce­
ment aspects of regulatory design and maintaining the confidence of consumers and trading partners. Thus, 
risk management decisions such as the OIE standard for ESE inherently require judgments that extend beyond 
the scope of science. Consequently, some tension is to be expected between the decisional criteria prescribed 
under the SPS Agreement and those applied by the international risk management agency. 

T5-04 RTE Food Product Exposure from Cross-contamination Vectors 
JOHN HO LAH and Debra Smith, Campden & Chorleywood Food Research Association, Food Hygiene 
Dept., Chipping Campden, Gloucestershire, GL55 6LD, UK 

Currently, very little information is available for use in exposure assessments tackling the complex area 
of post heat-treatment, microbial cross-contamination transfer to ready-to-eat (RTE) foods during production. 
Consequently, CCFRA, together with a Working Party of UK and multinational RTE food manufacturers, have 
established a workplan to evaluate product exposure from studies both in the laboratory and in selected food 
manufacturing environments. The objective of this on-going 3 year program is to produce a Guideline Docu­
ment that contains information, experimental data, case studies, expert opinion and selectively developed 
models that can be used to help assess the exposure of RTE foods to microbial cross-contamination, This will 
include a ranking of selected vectors, in order of significance, with regard to microbial transfer to selected RTE 
foods. In addition, cross-contamination data will also be available in a format that will be useful in other risk 
assessment models. Sources of microbial contamination and vectors of transfer have been determined for three 
manufacturing process lines: cooked and sliced ham, cooked pasta (as an ingredient on a lasagne line) and leaf 
salad. Factory studies are gathering data on the levels of TVC and selected microorganisms associated with 
selected vectors (the air, liquid aerosols, stainless steel contact surfaces, foodhandlers hands) and the fre­
quency/duration of the contact of these vectors with the products during production periods. Laboratory 
studies are being undertaken to examine and model microbial transfer rates from the selected vectors to the 
selected product surfaces. Transfer variables of e.g. contact time, contact pressure, degree of surface moisture, 
product surface characteristics and microorganism type are being investigated. 

T5-05 Withdrawn 

T5-06 Impact of Contact 'lime and Product Weight on Transfer of Listeria monocytogenes from 
Different Conveyor Belt Surfaces to Ham and Bologna 
ZI-IINONG YAN, Ewen G.D. Todd, Lei Zhang, and Elliot T. Ryser, Michigan State University, Dept. 
of Food Science and Human Nutrition, 215 G. M. Trout Bldg., East Lansing, MI 48824, USA 

Given Listeria monocytogenes concerns surrounding delicatessen meats, transfer rates from interlocking 
conveyor belts composed of high-density polyethylene (HDPE), acetyl resin (A) and polypropylene (PP) to 
sliced ham and bologna were determined using different contact times and product weights. Sterile I-IDPE, 
A and PE conveyor belt coupons (5 x 8 cm) were inoculated with a 6-strain L. monocytogenes cocktail ( ~ 105 

CFU/coupon). After 30 min, one ham slice (20 g) was placed on the inoculated surface followed by a 12 oz 
(340.2 g) deadweight and held for 30 to 90 s. The ham was then appropriately diluted and plated on Modified 
Oxford Agar overlaid with Trypticase Soy Agar+ 0.6% yeast extract to quantify Listeria. Contact times of 30, 60 
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and 90 s yielded statistically similar transfer rates of 86.5%, 88.2% and 87.0% for all three materials, respect­
ively. Using deadweights of 4 (113.4 g), 8 (226.8 g) and 12 oz (340.2 g) and a contact time of 1 min, fewer 
listeriae (P < 0.05) were transferred using a 4 (71%) compared to an 8 (79%) or 12 oz (82%) deadweight. When 
L. monocyto&enes transfer from HDPE conveyor belt coupons to bologna was assessed using contact times of 
15 s to 5 min (1 pound deadweight) and 60 s (1, 3, and 5 lb. deadweights), no significant differences (P > 0.05) 
were seen between results with different contact times. However, transfer was greater (P < 0.05) at 3 and 5 
compared to 1 lb. Thus, Listeria transfer rates were primarily dictated by product weight rather than contact 
time or surface material. 

T5-07 Validation of the Safety of Bacon Processing from Biological Hazards of Olostridium 
perfrin~ens and Staphylococcus aureus 
PETER J. TAORMINA and Gene W. Bartholomew, John Morrell & Co., c/o The Coca-Cola Company, 
One Coca-Cola Plaza, TEO 640, Atlanta, GA 30313, USA 

It is unclear how rapidly heat-treated, not fully cooked meat products, such as bacon, should be cooled to 
prevent outgrowth of sporeforming bacterial pathogens while also limiting growth of vegetative cells. Pork belly 
substrates with or without 1.25% liquid smoke (LS) were inoculated with Clostridium perfrin&ens spores and 
vegetative cells and Staphylococcus aureus. Substrates underwent thermal profiles of industrial smoking to 
48. 9°C and cooling (3 h) of bacon, or a 15 h-cooling phase, until reaching 7 .2•c. Laboratory-scale smoking and 
15 h cooling using whole belly pieces was also performed. Under industrial smoking and cooling thermal 
conditions, growth of C. perfrin&ens in substrates was <1-log regardless of smoke. Increase of S. aureus was 
2.38 log CFU/g, but only 0.68 log CFU/g with LS. When cooling of non-LS substrates spanned 15 h, both 
pathogens grew by about 4-log and staphylococcal enterotoxins were detected in 5 of 6 samples. LS inhibited 
C. perfrin&ens, but S. aureus grew by 3.97-log, though without enterotoxin production. In whole belly pieces, 
initial C. perfrin&ens populations of 2.23 log CFU/g were reduced during smoking to 0.99 log CFU/g, and were 
0.65 log CFU/g after 15 h of cooling. Smoking reduced populations of S. aureus from 2.00 log CFU/g to a final 
level of 0.74 log CFU/g after cooling in 15 h. LS plays a critical role in preventing pathogen growth during 
smoking and cooling of bacon. If smoked bacon is cooled from 48. 9 to 7 .2•c within 15 h, a food safety hazard 
from C. perfrin&ens or S. aureus is not likely to occur. 

T5-08 Variation among Batches of Freshly Ground Chicken Breast Meat Com1,licates the Modeling 
of Salmonella Growth I{iuetics 

THOMAS P. OSCAR, USDA-ARS, University of Maryland Eastern Shore, Center of Food Science 
and Technology, Room 2111, Princess Anne, MD 21853, USA 

The objective of the current study was to develop and verify a tertiary model for predicting the high­
density (3.7 log CFU/g) growth of Salmonella on freshly ground chicken breast meat as a function of time and 
temperature. A multiple antibiotic resistant strain of Salmonella Typhimurium was inoculated onto the surface 
of one-g portions of freshly ground chicken breast meat. Changes in pathogen density over time of incubation 
at 10 to 40°C were assessed by viable cell counts on a selective medium with four antibiotics. Kinetic data were 
fit to the modified Gompertz primary model to determine lag time (LT), maximum specific growth rate (SGR) 
and the total log cycles of growth (C). Secondary models for LT, SGR and Casa function of temperature were 
developed and combined with the primary model in a computer spreadsheet to create the tertiary model. 
Ability of the tertiary model to predict the CFU data (n = 928) used in model development (verification) was 
evaluated using the recently published acceptable prediction zone method. The proportion of prediction errors 
(pD) that fell in an acceptable prediction zone from a log cycle difference (D) of -0.5 (fail-safe) to 0.25 (fail­
dangerous) was 0.552, which was below the acceptable value of 0. 700 for pD. The failed verification of the 
tertiary model was not explained by performance of the primary model, which had an acceptable pD of 0.934, 
or by improperly fitting secondary models. Rather, it resulted from variation of Salmonella growth kinetics 
among batches of ground chicken. 

T5-09 Correlation of Visual Perception of Cleanliness and Reported Cleaning Practices with Levels 
of Microbial Contamination in Home Refrigerators 

SANDRIA GODWIN, Furchi Chen, and Richard Coppings, Tennessee State University, Institute of 
Agricultural and Environmental Research, Dept. of Family and Consumer Sciences, 3500 John 
Merritt Blvd., Nashville, TN 37209-1561, USA 

Consumers are the final line of defense against foodborne illness. Consumers' food handling and storage 
practices greatly impact the degree of microbial contamination in the home refrigerator and the risk of 
foodborne illness for family members. Trained observers used a cleanliness scale to assign scores for the 
apparent condition of four areas of over 100 in-home refrigerators, and swabs were collected from the surface 
of those areas. Additionally, each consumer completed a home refrigeration practices survey. Aerobic plate 
counts (APC), psychotrophic plate counts (PPC) and a microbial ATP bioluminescense procedure (mATP) were 
carried out on swabs to assess microbial contamination. The highest correlation (r = 0.895) was found between 
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mATP and the average of APC and PPG. Microbial ATP was not highly correlated with consumer's self-reported 
refrigerator cleaning practices. Cleanliness scores for several refrigerator compartments were correlated with 
mATP found on the bottom shelf. Microbial ATP in the vegetable bin was correlated with the cleanliness score 
for that compartment. Fewer vegetable bins contained nondetectable mATP (14%) while over 22% had higher 
levels of microbial contamination. Microbial ATP appears to be a suitable rapid method for assessing the degree 
of microbial contamination of home refrigerators. Consumers should regularly engage in adequate cleaning of 
their refrigerators regardless of visible soiling. 

T5-10 An Evaluation of the Medical Screening Methods Used for Employees and Visit01·s to Food 
Manufacturing Plants in the USA, Canada, UI{ and Mainland Europe 

DAVID LLOYD, University of Wales Institute-Cardiff, School of Applied Sciences, Western Ave., 
Cardiff, South Glamorgan, CFS 2YB, Wales, UK 

Humans can be a source of foodborne pathogens and food handlers have been identified as the original 
source of the pathogen in a number of outbreaks. Control measures include testing and identification both 
sufferers and symptomless carriers. Food safety systems vary in the demands for medical screening both for 
employees and visitors to food processing sites.The varying expectations of international food safety audit 
programs have been studied. The practices and requirements for medical screening to assess the levels of 
control over employee and visitors health were analyzed using the BRC (Global Food) Technical Standard as 
a benchmark. The methods for reporting health status were also analyzed. Key areas were training; screening 
techniques for both visitors and employees; reporting structure for illnesses while employed; documented 
policies on the above. The effects of culture on medical screening and reporting behaviors and practices are 
also discussed. Strategies on how these may be overcome are reported. In total the practices of 20 companies 
were studied across the two continents. Fifty percent had documented training materials outlining the controls 
employed during medical screening. Sixty percent failed to screen visitors with a questionnaire on recent 
health and exposure to foodborne illness or food poisoning possibilities. Thirty percent had no ongoing assess­
ment of employee health and no method of reporting foodborne illness and exposure through contacts to such 
risks. For those companies that did utilize checks, many only operated a restricted range of enquiries and 
requirements likely to miss important foodborne pathogens. Thirty-five percent operated a visitor screening 
questionnaire, with 25% specifying food poisoning or foodborne diseases within the screening process. Visits 
to some countries have been reported as a risk factor in some outbreaks of food poisoning and is of particular 
importance given the global nature of current food trade, however, only 25% specifically mentioned foreign 
travel in their screening protocol. The findings of the study will be discussed within the context of food safety 
and international trade. 

T5-ll In Situ Sensor Technology 

MATTHEW SMITH, David Fries, and Andrew Farmer, Center for Ocean Technology, College of Marine 
Science, 140 Seventh Ave. S, St. Petersburg, FL 33701, USA 

In situ sensor technology is increasingly being utilized as a panacea to protect public safety and infrastruc­
ture. We have combined molecular biological techniques with Microsystems technology to allow in-field genetic 
analysis, thereby removing the separation between sample collection and analysis. These sensors are open 
platform and tunable. Development of the sensors has used a combination of micro-fluidic management 
systems, Micro-Electro-Mechanical-Systems (MEMS), non-standard Printed Circuit Board (PCB) technology 
and off-the-shelf components to produce systems that allow in-field application of molecular biological tech­
niques. Using Nucleic Acid Based Sequence Amplification (NASBA) as a base methodology we have developed 
a fully automated in-field analyzer and semi-autonomous systems that require varying degrees of user input. 
We have utilized a Personal Data Assistant (PDA) as a user interface for a handheld real-time NASBA detection 
system that allows a user to manually prepare and analyze samples in the field. Amplifications are displayed 
to the user on the PDA as a real-time plot of fluorescence with time. The device can be tuned to virtually any 
nucleic acid sequence and is comparable to current instrumentation. Similarly, use of PCB/MEMS technology 
sample preparation and amplification modules are integrated into a "match-box" size sensor. The eventual 
target for this research is to enable integration of automated and semi-autonomous sensors with the aim of 
producing multifunctional (chemical/biological) in situ adaptive sensor arrays. Combined with microbial 
growth models and RFID-technology, these instruments will help provide a secure and safe food supply and 
provide cost effective in-house quality assurance monitoring capabilities. 

T5-12 Assessment of Temperature Fluctuation in MultitJle Locations of In-home Refrigerators 
in Four USA States 

SANDRIA GODWIN, Furchi Chen, Richard Coppings, and Cindy Thompson, Tennessee State 
University, Institute of Agricultural and Environmental Research, Dept. of Family and Consumer 
Sciences, 3500 John A. Merritt Blvd., Nashville, TN 37209-1561, USA 

Refrigerators help maintain the microbiological safety of the food supply by inhibiting the growth of 
bacteria that reproduce rapidly when above 40°F. Yet, little current information is known about actual temp­
eratures at which cold foods are stored within the home and the variation of those temperatures. Thus the 
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objective of this project was to evaluate the temperatures within refrigerators within 200 homes in four states 
in the US. Temperature loggers were used to record temperatures each min in 2-3 places for 3-7 days. In some 
homes a thermocouple was also placed in a commercially sealed hot dog and a cup of yogurt, both of which 
were provided by the researchers. Mean temperatures ranged from 35°F for the top shelf to 38°F on the bottom 
shelf. Four percent had average temperatures above 45°F and 25 percent were above 40°F. The mean tempera­
ture on the door was 4l.3°F; however, 61 percent had average temperatures above 40°F, and 15 percent had 
average temperatures above 45°F. The majority of the refrigerator doors (71%) were above 40°F for more than 
six h per day. The temperature of the hot dogs (mean 36.3°F) and the yogurt (mean 37.1 °F) fluctuated less 
than the temperature of the surrounding air. Therefore, a large percentage of refrigerators were not maintaining 
the recommended temperature continuously, and remained in the danger zone for more than two h a day. 

T6-01 Research on Consumer Attitudes and Behaviors as a Foumfation for Educational Programs 
in FightBAC! 
MILDRED M. CODY and Hilary S. Thesmar, Georgia State University, Dept. of Nutrition, 
P.O. Box 3995, Atlanta, GA 30302-3995, USA 

The basic FightBAC! messages form the framework for baseline measures of food safety behaviors of 
consumers and foodservice workers for Healthy People 2010, the public health blueprint for the USA. Because 
they are research-based, consistent, collaborative messages, they are the backbone of public food safety 
campaigns in the USA. These messages originate in the scientific literature and proprietary research on 
consumer attitudes and behaviors. The Partnership for Food Safety Education (PFSE) reviews this research to 
determine what consumer attitudes and behaviors are barriers to optimal consumer food safety practices. 
Using expertise of government, professional, consumer, and trade association partners, PFSE develops a range 
of alternative messages and consumer tests them for clarity and motivation. Once developed, the messages are 
available to partners and others for dissemination through government outreach, private industry initiatives, 
school education programs, and media placements. The partnership component of FightBAC ! is critical to 
developing, disseminating, and evaluating food safety messages that will make a public health and personal 
health difference in the USA. During this presentation, we will explore the development and application of 
effective partnership strategies as a force for establishing research needs, developing priority messaging, 
disseminating messages through grassroots membership of partner organizations and public members of the 
BAC fighters, and evaluating the success of food safety campaigns both large and small. We will also share the 
next steps of FightBAC ! and describe how you and your organization can participate in those steps and share 
the success. 

T6-02 Influencing Factors for the Ado1>tion of Food Safety Controls in the Mexican Meat Sector 
EMA MALDONADO-SIMAN, Leticia Rodriguez-Rivera, Jose Cadena-Meneses, and Melit6n C6rdoba­
Alvarez, Universidad Autonoma Chapingo, Animal Science Dept., Km. 38.5 Carretera Mexico-Texoco, 
Texcoco, Edo. de Mexico, 56230, Mexico 

This study explores the factors that motivated the adoption of quality and food safety controls in Mexican 
enterprises, Type Federal Inspection (TIF) by the implementation of HACCP System. A questionnaire was sent 
to 160 meat processing plants in the 25 Mexican States. Principal Component Analysis identified four key 
factors that have motivated the adoption of HACCP, that is, internal efficiency and profitability of plant, being 
a good practice, to improve quality of meat products and to reduce product wastage in plant. The results 
indicate that there are differences in the HACCP adoption process between individual firms. Domestic market 
will be protected by gradual adoption of HACCP by Mexican meat processing firms. 

T6-03 Evaluation of Consumer Food Hygiene Initiatives in the UR 
ELIZABETH C. REDMOND and Christopher Griffith, University of Wales Institute-Cardiff, 
Food Research and Consultancy Unit, Western Ave., Cardiff, South Glamorgan, CF52YB, UK 

It is estimated that 3.5 million UK consumers are annually affected by episodes of foodborne disease. The 
majority of cases are thought to be sporadic, with the domestic kitchen a significant origin. Thus, consumer 
education concerning risks and correct domestic food-handling behaviors is essential. The purpose of this 
research is to attain an understanding of the extent and diversity of consumer food hygiene education in the 
UK. Self-complete questionnaires were distributed to > 2500 UK organisations including Environmental Health 
(EH), Health Promotion (HP) and Public Health departments within Local Authorities (LAs) (response rate 
> 75%) and the National Health Service (response rate 34%). In addition, product-specific and industry 
organisations, supermarkets and local consumer groups were also contacted. Questionnaires were designed to 
identify specific details of recent, current and proposed initiatives. Cumulatively, findings suggest that a wide 
range of organisations in the UK do undertake consumer food hygiene education. The largest coordinated 
initiatives are those undertaken by the Food Standards Agency and Food and Drink Federation. Furthermore, 
94% of EH/HP departments in LAs currently provide food-handling advice for consumers. Intervention mater!-
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T6-04 
DSC 

als collected from LAs and other organisations were reviewed in terms of content, format and intended audi­
ence. The most common food hygiene issue currently addressed in UK initiatives was cross contamination 
(82% of LAs). Other common food safety issues identified will be discussed. Intervention materials provided in 
UK initiatives included mainly leaflets, posters, bookmarks, reminder-aids and magnets as well as advice on the 
Internet. Evaluation of initiative effectiveness was reported in only 22% LAs, most commonly using self-report 
questionnaires. Cumulative results from this study will be discussed in the context of generic recommendations 
for strategy development of consumer education applicable for use in different countries. 

Comparison of Computer-based and Face-to-face Personal Hygiene Training Methods 
in Food Processing Facilities 

GINGER D. FENTON, Luke F. LaBorde, Rama B. Radhakrishna, J. Lynne Brown, and Catherine 
N. Cutter, Pennsylvania State University, 111 Borland Laboratory, University Park, PA 16802, USA 

Because of convenience, self-pacing ability, and ease of use, computer-based training may be an option for 
educating workers in the food processing industry. The objectives of this project were to determine if personal 
hygiene training through a computer-based method is as effective as a face-to-face format in knowledge gain 
and improved food safety attitude. Employees from four food processing facilities (n = 99) were randomly 
assigned to a control group, a face-to-face training group, or a computer-based training group. Evaluation 
instruments consisted of a pretest and a posttest to measure knowledge gain, a step-scale to measure attitude 
after training and retrospectively before training, and a brief set of interview questions to gauge participants' 
reactions to the computer-based training. The instruments were reviewed by a panel of experts and pilot tested 
prior to actual data collection in food processing establishments. Results for both treatments indicated in­
creases in knowledge compared to the control, although the difference was not significant (P > 0.05). However, 
there was a significant increase in attitude scores for both groups, although the difference between groups was 
not significant. Interviews after training demonstrated that the computer-based group reacted positively to the 
training, thus indicating this method may be an acceptable alternative to face-to-face training, Issues discov­
ered that may limit application of computer-based training in processing environments include low literacy, 
language barriers, and time constraints within companies. These and other variables should be taken into 
account in future research projects. 

T6-05 Consumer Attitudes, Self-reported and Observed Behaviors Relating to Cloth-wiper Usage 
in the Domestic lutchen 

ELIZABETH C. REDMOND and Christopher Griffith, University of Wales Institute-Cardiff, 
Food Research and Consultancy Unit, Western Ave., Cardiff, South Glamorgan, CF52YB, UK 

Cross contamination of bacterial pathogens in domestic kitchens is an important food safety issue. 
Research has shown that domestic cloth-wipers may harbor large numbers of microorganisms, including 
pathogens, and may also be significant intermediary vectors for transferring microbial contaminants within the 
kitchen. Relatively little is currently known about domestic usage of cloth-wipers and perceptions of associated 
microbial risks. Therefore, consumer attitudes and domestic cloth-wiper behaviors, including decontamination 
events, have been investigated. Self-reported behaviors were assessed using structured telephone interviews 
(n = 100) and attitudes toward microbial risks were evaluated by use of a self-complete postal questionnaire 
(response rate 91%). Cloth-wiper behaviors were observed during meal preparations (n = 30) undertaken in a 
model domestic kitchen. Survey and observational data suggest that consumers frequently use different types 
of cloth-wipers in the domestic kitchen for a multitude of different purposes. Discrepancies between attitudes, 
self-reported and observed behaviors have been identified and will be discussed. The majority (> 90%) of 
consumers believed that cloth-wipers are frequently contaminated with potentially large numbers of bacteria, 
yet cloth-wipers were used on average 20 times per meal preparation. High-risk cross contamination practices 
associated with cloth-wiper usage have been identified, for example, direct contact between raw chicken and 
cloth-wipers was observed in 30% of meal preparations and 7% of respondents reported wiping their hands on 
cloth-wipers immediately after handling raw chicken. Decontamination events, methods and timing were 
highly variable and were frequently ineffective. Cumulatively, findings from this research indicate the need for 
an improvement in cloth-wiper behaviors in the domestic kitchen. The implications of these results will be 
discussed in the context of knowledge provision for consumer risk communication. 

T6-06 Teaching Food Safety Principles to Children Using Smart Iuds FightBAC?® Computer Games 

JUDY A. HARRISON, Melissa P. Mixon, and Angela M. Fraser, The University of Georgia, 204 Hoke 
Smith Annex, Athens, GA 30602, USA 

The University of Georgia, Mississippi State University and North Carolina State University, in cooperation 
with The Partnership for Food Safety Education, FSIS-USDA and CSREES-USDA, have developed food safety 
computer games based on the Smart Kids FightBAC!® animated video. Six games offer fun-filled, interactive 
environments for learning food safety principles while learning math, science, language arts and computer 
skills for K-3rd grade curriculum standards. Three difficulty levels of play in one- and two- player formats with 
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support materials including a "BAC-tionary," "BAC-lopedia," etc. make this a rich tool for a variety of skill 
levels, including gifted learners, Focus groups with teachers and students ensured appropriate content, design 
and usability, Final pilot testing occurred in three states. Children in test groups watched the animated video, 
completed workbook activities from the Smart Kids FightBAC!® curriculum and played the computer games, 
Control groups followed the same format without exposure to the computer games. Results of pre-, post- and 
post-post tests indicate that the program is most effective in increasing knowledge of food safety at the K-2nd 
grade levels. The control group (n = 614) scored significantly higher than the CD-ROM group (n = 620) on the 
pre-test (P < 0.05), Immediately following implementation, there was no significant difference between the 
post-test means for the two groups (P > 0.05). However, by the end of the 8-week study, the CD-ROM group 
had a significantly greater increase in knowledge (P < 0.05) over the course of the study, indicating that these 
computer games may stimulate children's interest and ability to learn food safety information. 

T6-07 Food Safety Practices of Vendors at Farmers' Markets in Florida 
AMY SIMONNE, Mickie Swisher, and Kellee Saunders-Ferguson, University of Florida, 
3028 McCarty Hall D, P.O. Box 110310, Gainesville, FL 32611, USA 

Fresh produce consumption is on the rise in the US. Although fresh produce is considered a low risk 
product, an increase in produce-related foodborne illness outbreaks has prompted increased interest among 
professionals and consumers, According to a recent USDA ERS report, one market channel for fresh produce 
is through direct markets, such as farmers' markets. The goal of this study is to assess current food safety 
practices among vendors at farmers' markets in Florida in order to understand the current situation and to 
identify any educational gaps. A statewide farmer's market survey with 16 questions was conducted during the 
peak season. A total of 4 7 vendors returned the completed surveys. Overall, more than 50 per cent of products 
sold at Florida farmers' markets are produce-related items, Other outlets for their products include U-pick, 
restaurants, and produce stands, The majority of vendors use either compost or manure to amend the soil used 
in growing those products. Even though more than 50 per cent think food safety is important for their opera­
tion, only 32 per cent of respondents have completed food safety training, The majority of the respondents 
provide the farm labor themselves, or family members are the primary labor source. Very few vendors use 
permanent or temporary workers. When asked about the FDA's Guide to Minimize Microbial Food Safety 
Hazards for Fresh Produce (GAPs), the majority ( 44%) of the vendors were not aware of this publication. The 
results of this survey will provide insights for educators to create a food safety educational program for this 
segment of the produce industry. 

T6-08 Thermometer Education Program 
JULIE A. ALBRECHT and Carol Plate, University of Nebraska-Lincoln, 119 RLH, Lincoln, NE 
68583-0807, USA 

USDA-FSIS has developed educational materials to promote the use of thermometers with consumers to 
determine the proper <loneness of foods. A thermometer educational display was developed with a 3 question 
survey for use at health fairs and other educational events to promote thermometer usage by consumers. The 
educational display contained pictures of different thermometers, pictures and directions for proper insertion 
of thermometers in food items and the FightBAC ! message, The survey was developed by a group of extension 
educators. One question focused on types of food thermometers that the participants have in their homes, The 
second question focused on what food items the consumer uses a thermometer to determine <loneness and the 
third question was a knowledge question. The educational display was used at two major events during the 
summer of 2004. To encourage participation, a drawing for a grill was held, Participants received a Thermy 
magnet as a reward for completing the survey. From these events, 862 participants completed the survey, 
Approximately half (50.3%) of the participants had candy thermometers, while 33.2% had refrigerator ther­
mometers and only 18.1% had a dial thermometer. The food item with which participants most often used a 
thermometer was turkey (24.2%) while 36.2% did not use a thermometer to determine doneness. Forty ( 40%) 
of the participants correctly answered the question on the proper temperature to cook hamburgers. The results 
of the survey indicate that more education of consumers is needed on the use of thermometers to determine 
doneness. 

T6-09 Educating Consumers to Use Food Thermometers with Thin/Small Meat Items 
SANDRA M. MCCURDY, Val Hillers, and Sandra Cann, University of Idaho, School of Family 
and Consumer Sciences, P.O. Box 443183, 1030 Niccolls Bldg., Moscow, ID 83844-3183, USA 

Most consumers are awat·e of the need to adequately cook meats to kill pathogens, but few use a thermom­
eter to check <loneness of small meat items, Particularly for ground beef patties, color is an unreliable indicator 
of endpoint temperature, yet only 6% of consumers use a thermometer with hamburgers. In this research, four 
consumer focus groups were convened to probe for barriers and motivators regarding food thermometer use 
when cooking small/thin meat items, such as hamburgers. Participants were asked to read two prototype, 
informational brochures and to cook a small/thin meat item, using both dial and digital instant-read food 
thermometers to assess endpoint temperature, The participants provided a variety of views on this use of a 
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thermometer, a new behavior for most, and made suggestions about the brochures. Information provided aided 
the preparation a full-color brochure and recipe cards, which were sent, along with a thermometer, to a random 
sampling of 100 Idaho consumers. Via telephone survey, before receiving the materials, 37 of the 100 respon­
dents thought it was very important to use a thermometer to determine <loneness in hamburger. Six weeks 
after receiving the materials, 54 of the 79 consumers (68%) we could contact for the follow-up survey said it 
was very important; the difference was statistically significant. Thermometer use increased from 3% before the 
materials were received to 19% afterwards. Although increasing consumer thermometer use will be a challenge, 
many individuals responded positively to the educational message regarding improved safety and palatability 
when cooking thin/small meat items. 

T6-10 School-related Foodborne Illness Outbreaks Low-The Food and Nutrition Service Collabo­
rates with Other Agencies and Works to Assure Safe Food in Schools 
Audrina Lange, Marion Hinners, BRENDA HALBROOK, and Margaret Venuto, USDA-FNS, 
Food Safety Unit, 3101 Park Center Drive, Room 500, Alexandria, VA 22302-1500, USA 

Recent national media outlets have questioned the safety of food served in school lunches. The Govern­
ment Accountability Office's (GAO) Report to Congress in May 2003, however, cited data from the Centers for 
Disease Control and Prevention (CDC) and concluded that meals served in schools are generally safe. The 
report also stressed that the opportunity exists to enhance data collection and food safety practices. The Food 
and Nutrition Service (FNS) is responsible for administering the National School Lunch Program (NSLP), 
School Breakfast Program and other nutrition assistance programs. Roughly 28 million lunches and 8 million 
breakfasts are served daily at participating schools. FNS has responsibility for and is committed to ensuring the 
safety of foods served in schools. The Food Safety Unit of FNS was created to address all aspects of food safety 
related to USDA nutrition assistance programs and has formed strong relationships with other federal agencies 
and private organizations involved in food safety education and the prevention of foodborne disease. These 
partnerships have enhanced the safety of foods in the NSLP. In particular, our complaint process involves data 
sharing with the USDA Food Safety and Inspection Service and Agricultural Marketing Service, which has 
strengthened our ability to protect school lunches. The partnerships have also improved communication and 
public health monitoring through coordination with CDC and strengthened food safety education efforts 
through cooperative projects with the Food and Drug Administration, such as Hazard Analysis and Critical 
Control Points (HACCP) and food biosecurity for school food service operations. 

T6-11 I{nowledge and Routines in Equipment Hygiene in Finnish Food Factories 
Kaarina Aarnisalo, Satu Salo, and GUN WIRTANEN, VTT Biotechnology, P.O. Box 1500, Tietotie 2, 
Espoo, FI-02044 VTT, Finland 

Food processing equipment has been shown to contaminate food products. In Europe, the most important 
legislation giving criteria for hygienic design is Council Directive 89/392/EEC revised in 1998 (98/37/EC) and 
the EN 1672-2 standard. They contain safety requirements and basic principles of hygienic design. National 
standards and/or directives applicable to the hygienic design of food machinery are also available, but few 
international standards exist and they are mainly directed at the dairy industry. Guidelines and methods for 
the design of new hygienic equipment published by EHEDG, 3-A Sanitary Standards Inc. and NSF International 
are also available. A questionnaire on equipment hygiene in the Finnish food industry was sent to 184 com­
panies. The expert in equipment hygiene in each company was asked to answer the questionnaire and the 
respondents were able to remain anonymous. The questions were categorized into seven topics: hygienically 
problematic equipment, acquisition of the equipment, cleanability of the equipment, cooperation between 
parties affecting equipment hygiene, lubricants used in the equipment, information acquisition on equipment 
hygiene and background information on the respondent plant. Packaging machines, conveyers, dispensers, 
slicing and cooling machines were recognized as the most problematic equipment. Hygiene problems were 
mainly caused by poor hygienic design. It was also found that responsibilities in hygiene matters should be 
clearly defined. Furthermore, the equipment in the process lines must be hygienically integrated. This study 
also showed that the information flow between equipment manufacturers, food processors, cleaning and 
maintenance personnel, and cleaning chemical manufacturers must be improved. 

T6-12 Unification of Retail and Process HACCP 

0. PETER SNYDER, JR., Hospitality Institute of Technology and Management, 670 Transfer Road, 
Suite 21A, St. Paul, MN 55114, USA 

Today, HACCP is mandated in USDA and fish plants, but not in FDA processing or retail food. However, in 
retail food operations, it is optional, unless operators want to do a new process. Then, they must prepare a 
variance and submit a HACCP plan for approval to their local regulatory authority. Actually, the biological, 
chemical, and physical hazards and process control (performance) criteria for kill and growth are identical, 
whether food is prepared in a home kitchen, a restaurant, or a process plant. Many regulatory rules are based 
on historical precedent. The only analytical, science-based way to know that a process in a food operation will 
be safe is to prepare a HACCP plan. It also leads to uniformity. This presentation will show how the principles 
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T7-01 
DSC 

of the NACMCF I-IACCP plan can be merged with the process control science of the ICMSF to form a unified set 
of documents, language, and science. I-IACCP documentation for any process begins with the I-IACCP recipe 
and includes the I-IACCP flow process chart; the I-IACCP plan; and the food safety system policies, procedures, 
and standards manual. Adopting a unified set of I-IACCP documents with an ICMSF science and terminology 
base will mean that, once food preparers have learned the I-IACCP documentation and control rules, they will 
be able to work in any food process, large or small, and be able to produce a product meeting a desired Food 
Safety Objective with an Appropriate Level of Protection. 

The Direct Detection of Salmonella and Esclierichia coli O157:H7 from Raw Alfalfa S1>routs 
and SJ>ent Irrigation Water by Use of Polymerase Chain Reaction 
LYNETTE JOHNSTON, Driss Elhanafi, Mary Anne Drake, and Lee-Ann Jaykus, North Carolina State 
University, 4004 Blue Water Ct., Raleigh, NC 27606, USA 

Raw seed sprouts have been recognized as an important cause of foodborne disease. Consequently, the 
U.S. Food and Drug Administration recommended that spent irrigation water from each lot of raw seed sprouts 
be tested for Salmonella spp. and Escherichia coli O157:I-I7 as a means of assuring the safety of the product. 
In an effort to streamline such testing, the purpose of this study was to develop a method to pre-concentrate 
pathogens from sprouts and spent irrigation water to facilitate the direct (without prior cultural enrichment) 
detection of pathogens by use of the polymerase chain reaction (PCR). Alfalfa sprouts and spent irrigation 
water were seeded with S. enterica serovar Typhimurium and E. coli O157:I-I7 in the range of 101 to 106 CFU/g 
or ml. Samples were then centrifuged to sediment the total bacterial population. The precipitate was processed 
for DNA isolation, PCR amplification, and amplicon confirmation by Southern hybridization. Recoveries after 
centrifugation ranged from 96 to 99% for both pathogens in both matrices. Using primers targeting the inv A 
gene for S. Typhimurium and the stx genes of E. coli O157:I-17, it was possible to detect both pathogens in 
alfalfa sprouts at seeding levels as low as 101 CFU/g. PCR detection limits for both pathogens from spent 
irrigation water were 10-1 CFU/ml, the equivalent of 102 CFU/1. This study demonstrates progress toward a rapid 
and sensitive method for the detection of pathogens associated with this commodity, and one that is relevant 
to current industrial practices and needs. 

T7-02 Location of Bung Bagging during Beef Slaughter Influences the Potential for S1,reading 
Pathogen Contamination on Cai·c,1sses 

T7-03 
DSC 

JARRET STOPFORTH, Marissa Lopes, Robert Miksch, and Mansour Samadpour, Institute 
for Environmental Health, 15300 Bothell Way NE, Seattle, WA 98155, USA 

Pre-evisceration carcass washing prior to bung bagging during beef slaughter may allow pooling of wash 
water in the rectal area and consequent spread of potential pathogens. The objective of this study was to 
compare protocols for bung bagging after pre-evisceration washing to an alternative method prior to pre­
evisceration washing on the potential to spread enterohemorrhagic Escherichia coli (EHEC), E. coli O157:H7, 
and Salmonella spp. on carcass surfaces. The study evaluated incidence rates of pathogens in pre-evisceration 
wash water (10 ml) samples (n = 240) and on surface (100 cm2) sponge samples (n = 240) in the immediate 
bung region when bagging occurred before (post-bag) and after (pre-bag) pre-evisceration washing. Pre-bag 
surface sampling yielded incidence rates of 29.4, 2.5, and 4.0%, while wash water sampling yielded 14.2, 0.8, 
and 2.4% for EI-IEC, E. coli O157:H7, and Salmonella, respectively. Post-bag surface sampling yielded incidence 
rates of 16.7, 0.8, and 0%, while wash water sampling yielded 8.9, 0, and 4.0% for EI-IEC, E.coli O157:I-I7, and 
Salmonella, respectively. Results indicate that bung bagging, as proposed in this study, prior to rather than 
after pre-evisceration washing was more effective (P < 0.05) overall in controlling potential pathogen spread 
on carcasses. Although regulatory authorities do not permit bung bagging and dropping inside the body cavity 
before pre-evisceration washing, the proposed protocol suggests bagging the bung to form a plug that when 
receded to its natural location covers the rectal opening. These data will assist the beef industry in decisions 
regarding Hazard Analysis Critical Control Point (I-IACCP) reassessments. 

ImJ>act of Bacterial Stress and Biofilm Forming Ability on Transfer of Surface-dried Listeria 
monocytogenes Cells during Slicing of Delicatessen Meats 
LINDSEY A. KESKINEN, Ewen C. D. Todd, and Elliot T. Ryser, Michigan State University, Dept. of 
Food Science and Human Nutrition, East Lansing, MI 48824, USA 

Listeria contamination of delicatessen slicer blades can lead to cross-contamination of luncheon meats. In 
the present study, six previously identified strong and weak biofilm-forming strains of L. monocytogenes were 
grown at 37'C/18 to 24 hon trypticase soy agar containing 0.6% yeast extract, harvested in 0.1% peptone and 
then combined into two 3-strain cocktails. The cocktails were resuspended in turkey slurry with or without 
prior cold-shock at 4°0/2 hand then used to inoculate flame-sterilized stainless steel delicatessen slicer blades 
at a concentration of 106 CFU/blade. After incubation at 22°0 / ~ 78% relative humidity for 6 and 24 h, the 
inoculated blades were attached to a gravity-fed delicatessen slicer and used to generate 30 slices from retail 
chubs of roast turkey breast or Genoa salami. Slices ( ~25 g) were diluted 1:5 in phosphate buffered saline or 
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University of Vermont Medium and then pour-plated (5 ml) into 150-mm dia. Petri plates using 20 ml of 
Tryptose Phosphate Agar containing esculin and ferric ammonium citrate with results reported as the average 
of 30 slices. Overall, strong biofilm-formers transferred more readily (3.8 log CFU/slice) than weak biofilm­
formers (2.7 log CFU/slice) with transfer greater to turkey (3.8 log CFU/slice) than to salami (2.7 log CFU/ 
slice). Previous cold-shock significantly increased Listeria transfer (3.9 log CFU/slice) compared to healthy 
cells (2. 7 log CFU/slice). Length of blade incubation (6 vs. 24 h) did not significantly affect transfer. Greater 
transfer for the strong biofilm cocktail suggests that these strains are better adapted to survive stressful 
conditions when dried on stainless steel. 

T7-04 Transfer of Listeria monocytogenes during Slicing of Turkey Breast, Bologna, and Salami 
Using IGtchen Knives 

KEITH L. VORST, Ewen G.D. Todd, and Elliot T. Ryser, Michigan State University, Food Science 
and Human Nutrition, East Lansing, MI 48808, USA 

Knife blades are now recognized as an important vector for Listeria contamination in delicatessens. To 
assess Listeria transfer rates, grade 304 and 316 electropolished stainless steel knife blades were inoculated 
with a 6-strainListeria monocytogenes cocktail to contain ~108, 105,103 CFU/blade. Chubs of bologna, salami, 
and roast turkey (3 replicates) were sliced (30 slices) at a cutting speed of 50.8 cm/min using knife blades 
attached to an Instron compression analyzer. Slices (25 g) were diluted 1:5 in PBS, stomached for 2 min, pour­
plated (5 ml) in 20 ml of Modified Oxford Agar and/or enriched in University of Vermont Medium. Transfer 
from knives inoculated at 108 CFU/blade was logarithmic (R2 = 0.92) with populations decreasing 2 logs after 
12 slices. At inoculation levels of 105 and 103 CFU/blade, transfer was more sporadic for all products with 
direct counts out to 13 to 20 and 5 slices, respectively. Normalizing data on a log scale for the first 10 slices 
demonstrated significantly greater Listeria transfer and a greater tailing effect for grade 304 as opposed to 
316 stainless(?< 0.05). Surface profilometry measurements on 1-year old blades also showed that grade 
304 blades were significantly rougher (P < 0.001) than those prepared from 316 grade stainless. While cutting 
speed was not significantly affected by stainless grade (P > 0.05), significant differences were seen between 
salami and turkey (P < 0.05). Given the extended tailing seen for Listeria on grade 304 stainless, use of grade 
316 stainless for knives and food contact surfaces in retail delicatessens would be preferred. 

T7-05 Evaluation of Hot Water and Sanitizer DitJ Tt·eatments of Contaminated Meat-cutting l{nives 
PETER J. TAORMINA and Warren J. Dorsa, John Morrell & Co., c/o The Coca-Cola Company, 
One Coca-Cola Plaza, TEO 640, Atlanta, GA 30313, USA 

Hot (82.2°C) water [HW] is used for sanitation of meat cutting implements in most slaughter facilities, 
but validation of actual practices against meat-borne bacterial pathogens and spoilage flora is lacking. 
Observed implement immersions in 1-IW in two large pork-processing plants were found to typically be 1 s. 
Knives were inoculated with raw pork residues and Escherichia coli 0157 :H7, Salmonella Typhimurium 
DT104, Clostridium perfringens, andLactobacillus spp. and were sampled before and after 1 or 15 s dips of 
blades in HW, warm (48.9°C) water [WW], or warm sanitizers (neutral or acid quaternary ammonium com­
pounds at 400 ppm [QAC], or peroxyacetic acid at 700 ppm Hp2 and 165 ppm peroxyacetic [PAA]). Simulta­
neous scrubbing and 15 s dipping in 1-IW or acid QAC was also evaluated. Reductions on knives dipped for 1 s 
were usually < 1 log and were not significantly different (P > 0.05) between treatments. Reductions of E. coli 
O157:H7 after 15 s in HW, neutral QAC, acid QAC, or PAA were 3.02, 2.38, 3.04, and 1.52 log, respectively. 
Reductions of other bacteria due to 1-IW were not significantly different from sanitizers and were significantly 
greater than WW for all bacteria except C. perfringens. Combined scrubbing and 15 s dipping in 1-IW resulted 
in a 2.91 and 2.25-log reduction of E. coli O157:H7 and S. Typhimurium DT104, respectively, while reduction 
caused by acid QAC was significantly less at about 1.7 log each. Brief dip treatments of contaminated knives 
have limited efficacy, but longer immersions cause greater reductions that were not enhanced by scrubbing. 
QAC is a suitable alternative to I-IW in this application. 

T7-06 Evaluation of the VERicleen Hygiene Indicator Test, Compared with Traditional 
Microbiological Methods, to Assess the Efficacy of Hand Washing 

LOUISE FIELDING, Tracy Pritchard, and Chris Griffith, University of Wales Institute-Cardiff, 
School of Applied Sciences, Llandaff Campus, Western Ave., Cardiff, CFS 2YB, UK 

Hand hygiene is extremely important in the food industry and the potential for inadequately washed 
hands to cause cross contamination, resulting in food poisoning, is of major concern. To monitor compliance, 
the results of hand decontamination should be available in time to implement corrective action. This project 
compares the VERicleen hygiene indicator test with microbiological testing, as a method of assessing hand 
decontamination efficiency. The VERicleen test and dipslides (a microbiological method) were performed on 
100 participants before and after handwashing. Performance of handwashing was compared with the UK Food 
Standards Agency recommended procedure by observation. Data were analysed using the Mann-Whitney and 
Kruskal-Wallis tests. Of the 100 participants, 95% failed the VERicleen test before hand washing. Fifty-four 
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percent did not wash their hands in accordance with the full FSA procedure. Of these 61% passed the 
VERicleen test and 39% were microbiologically satisfactory. Of the 46% who did fully wash their hands, 74% 
passed the VERicleen test and the remaining 26% marginally failed. The number testing positive with the 
VERicleen before handwashing was significantly higher than those after handwashing. A similar trend was seen 
for dipslides where microbial growth was less in 95% of cases after hand washing, There was no significant 
difference in the ability of dipslides or the VERicleen test to measure the effectiveness of hand washing. The 
VERlcleen system is a cheap, rapid (2 min) alternative to traditional microbiological methods for assessing the 
efficacy of hand washing and may be valuable in improving compliance. 

T7-07 Restructuring Employee Health Requirements in the FDA Food Code to Reduce the Risk 
of Tt·ansmitting Viral and Bacterial Pathogens from Infected Food Em1>loyees in Food 
DAVID ACHESON and Wendy Fanaselle, FDA-CFSAN, 5100 Paint Branch Pkwy., College Park, 
MD 20740, USA 

When the Food Code was first developed in 1993, there was little appreciation of the importance of 
Norovirus (NoV) as a foodborne pathogen. However, NoV, known previously as "Norwalk-like virus", is now 
recognized as the single most common cause of gastroenteritis in all age groups, and one of the most important 
foodborne pathogens in the western world. A number of studies have now demonstrated that consuming food 
contaminated by infected food workers is a leading risk of NoV foodborne illness. The ease of Norovirus trans­
mission as an aerosol, or through the hands of infected food workers to ready-to-eat food items, combined with 
the low infectious dose emphasizes that more must be done to control the spread of this pathogen in a food 
environment. New data on the transmissibility and extreme infectivity of NoV has allowed us to develop 
improved guidance in the Food Code to further reduce the risk of transmitting NoV at the retail level. These 
changes in the food code represent a trilateral approach to food safety by exclusion of workers exhibiting 
specific symptoms, washing hands and avoiding bare hand contact. This presentation will provide an overview 
of the revised structure of Employee Health and review both the data that led to the changes in the 2005 Food 
Code as well as the changes themselves. 

T7-08 Rat>id Determination of Bacterial Load for Assessment of Water Quality 
ROLF DEININGER, Ji Young Lee, and David Trudil, University of Michigan, Dept. of Environmental 
Health, School of Public Health, 109 S. Observatory, Ann Arbor, MI 48109, USA 

A safe water source is essential for food and beverage processing, effective animal production, and safe 
recreational activities, as well as maintaining human health. Except for emergencies relating to disasters, such 
as the Tsunami in the Indian Ocean, most assume safe water is a given. With the aging of the water distribution 
systems, contamination of bottled mineral water and even contaminated water on aircraft, there are renewed 
concerns as to water quality. Currently, the current methods for assessing water quality include heterotrophic 
plate counts (I-IPC), acridine orange direct count (AODC), direct viable count (DVC), fecal coliform tests and 
others. These methods take from 1 to 7 days to obtain results. There remains a need for a rapid on site 
evaluation of the bacterial quality of water. A rapid luminescence based system has been developed that can 
effectively measure generic total bacteria (TBC) and, with utilization of specific antibodies, identify generic 
Escherichia coli. The TBC result can be available within 10 min with a detection limit of less than 1000 cells. 
The specific E. coli assay system can detect less than 20 CFU/100 ml of water in less than 1 h. Specificity for 
the E. coli system depends on the antibody utilized. This study compares this luminescence field system with 
standard methods. Hundreds of data points comparing these systems will be presented. The equipment is 
portable and the reagents field stable. The system is suitable for laboratories and food processing plants as 
well as farms. 
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Symposium Abstracts 

S0l Labol'atory Response to Food Bioterl'Orism: How Prepared Are We? 

ARTHUR LIANG, CDC, National Center for Infectious Diseases, 1600 Clifton Road, Mail Stop G24, 

Atlanta, GA 30333, USA; JAMES PEARSON, Virginia Division of Consolidated Laboratory Services, 

600 North 5th St., Richmond, VA 23219, USA; NATI-IAN RUDGERS, National Association of State 

Departments of Agriculture, 1156 15th St., NW, Suite 1020, Washington, D.C. 20005, USA; ROBERT 

BUCHANAN, FDA-CFSAN, 5100 Paint Branch Pkwy. #2B064 I-IFS-006, College Park, MD 20740, USA; 

PATRICK MCCASKEY, USDA-FSIS, P.O. Box 6085, Athens, GA 30604, USA; RUSSELL FLOWERS, 

Silliker Group Corp., 900 Maple Road, Homewood, IL 60430, USA 

In December 2004, Health and Human Services Secretary Tommy Thompson issued a stark warning about 
the vulnerability of the food supply in the United States to deliberate acts of contamination with chemical or 
biological agents. Because of the high degree of centralization of food production and processing, wide distribu­
tion of food products, and increased importation of foods from all parts of the globe, very large numbers of people 
in a country can be affected by a food contamination event. Depending on the magnitude of a food bioterrorism 
event, clinical, public health, food regulatory agency, and food industry laboratories may be faced with the 
analysis of tens of thousands of food and environmental samples for the suspected etiologic agent(s). 
Prioritization of specimens for analysis, use of the best available screening and confirmation methods, standard­
ization and harmonization of analytical methodology across state and federal agencies and commercial organiza­
tions, and rapid and secure exchange of results among those who need to know are some of the critical factors 
for successful, rapid identification of the source of contamination and for implementation of appropriate control 
measures. This symposium will explore the factors that will be required to mount a cohesive and well-coordi­
nated laboratory analysis strategy to support the investigation of a food bioterrorism event. 

802 Microbiological Predictive Models: Development, Use and Misuse 

MARK TAMPLIN, USDA-ARS, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA; DONALD 
SCHAFFNER, Rutgers University, Food Science Dept., 65 Dudley Road, New Brunswick, NJ 08901-

8520, USA; BRADLEY MARKS, Michigan State University, 210 Farrall Hall, East Lansing, MI 48824-

1323, USA; LEE JOHNSON, ConAgra Foods - Culinary, 9 ConAgra Drive, Omaha, NE 68102, USA; 

ROBERT I-IASIAK, USDA-FSIS-OPPED-TSC, Suite 300 Landmark Center, 1299 Farnam St., Omaha, 

NE 68102, USA; TOM ROSS, University of Tasmania, Private Bag 54, Hobart, Tasmania 7001, Austra­

lia; TOM MCMEEKIN, University of Tasmania, Private Bag 54, Hobart, Tasmania, 7001, Australia; 

IAN JENSON, Meat and Livestock Australia, Locked Bag 991, North Sydney, NSW, 2059, Australia 

The purpose of the symposium is to present the latest developments in microbiological predictive models, 
practical and regulatory uses and limits of predictive models, and an international perspective. The audience is 
industry, regulators and academics who use, develop or validate microbiological predictive models. Three active 
model developers in the field will present their latest developments. The ARS Pathogen Modeling Program has been 
continuously improving since its early versions as a spreadsheet. Combining it with the European ComBase has 
greatly expanded its utility and made ComBase available to many more workers. Modeling microbial responses to 
continuously changing conditions has been a challenge. 1\vo developers will present their work on a cooling model 
and a thermal inactivation model. For context, two regulatory microbiologists will add industry and government 
perspectives on the utility of current predictive models and their limits for practical and regulatory use. Finally, one 
of the pioneers of microbial predictive modeling will sum up with his insights on optimizing the use of predictive 
models as well as offering the experience of the Australian meat industry. Thus, this symposium will also give model 
developers additional insight on improving the utility and application of models that they are developing. The 
audience will also have a greater knowledge of what current and future models can offer them. 

803 Food Allergens: Concerns fol' the Packaged Food and Food Service Industries 

GALE PRINCE, The Kroger Company, 1014 Vine St., Cincinnati, OH 45202, USA; ANNE MUNOZ­

FURLONG, The Food Allergy & Anaphylaxis Network, 11781 Lee Jackson I-Iwy., Suite 160, Fairfax, 

VA 22033, USA; KATHERINE VIERK, FDA-CFSAN, 5100 Paint Branch Pkwy., I-IFS-728, College Park, 

MD 20740, USA; MARK MOORMAN, Kellogg Company, 2 Hamblin Ave. East, Battle Creek, MI 49009, 

USA; FRANK YIANNAS, Walt Disney World Company, P.O. Box 10000, Lake Buena Vista, FL 32830-

1000, USA; SUE HEFLE, University of Nebraska, Food Allergy Research and Resource Program, 255 

Food Industry Bldg., Lincoln, NE 68583-0919, USA 

Recent studies indicate that food allergy continues to rise in the United States and other industrialized 
countries. In the United States, an estimated 11 million Americans have food allergy, with 6,5 million reporting 
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an allergy to fish or shellfish and 3 million believed to be allergic to peanuts and tree nuts. These four foods 
account for the majority of severe or fatal allergic reactions, accounting for 30,000 emergency room visits and up 
to 200 deaths each year. There is no known cure; strict avoidance of the allergen is the only way for consumers 
to prevent an allergic reaction. Their need for accurate ingredient information is impacting the packaged food 
industry, restaurants, the retail food industry, government, and others. This workshop will provide the latest 
scientific and consumer research information regarding label reading and causes of reactions; regulatory ap­
proach to food allergens; and allergen control strategies from leaders in the packaged food and retail food services 
arena. A discussion on the latest studies to establish threshold levels and allergen detection test kits will provide 
a view into the future of managing food allergies from the industry and regulatory perspective. 

804 Global Water Quality Concerns 
LOUISE FIELDING, University of Wales Institute, Cardiff, School of Applied Sciences, Llandaff 
Campus, Western Ave., Cardiff, South Wales CF5 9XR, UK; LEON GORRIS, Unilever, SEAC - Risk 
Analysis Group, Colworth House, Shambrook, Bedford, MK44 lLQ UK; CHRISTOPHER R. BRADEN, 
CDC, Foodborne and Diarrheal Disease Branch, Division of Bacterial and Mycotic Diseases, National 
Center for Infectious Diseases, 1600 Clifton Road NE, Mailstop A38, Atlanta, GA 30333, USA; 
DEAN DAVIDSON, FDA, 320 S. Barton St., Arlington, VA 22204, USA; MICHAEL BRODSKY, Brodsky 
Consultants, 73 Donnamora Crescent, Thornhill, ON, L3T 4K6, Canada; ADRIAN PETERS, University 
of Wales Insititute, Cardiff, School of Applied Sciences, 3rd Floor, Colchester Ave., Cardiff, South 
Wales, CF23 9XR, UK 

The quality of ingredient water is a global issue in the food industry and one that is attracting heightened 
awareness in food safety discussions. The impact of the downtime from a water emergency has far reaching 
implications in food manufacturing, catering, and retail industries. The differences in the issues faced during 
a water emergency by the United States and Europe will be discussed in this symposium. Water recycling in the 
food industry will be addressed from an international perspective. Water's role in foodborne outbreaks is a global 
concern. The US Center for Disease Control (CDC) will discuss the increased awareness of foodborne disease 
outbreaks actually being tied to water quality issues. There will be a discussion of the complex water quality 
challenges to food safety in the global market of cruise ships, airplanes and train travel. From a Canadian pers­
pective, we will hear about ensuring safe ingredient water by protecting water sources used for food processing 
and manufacturing as the first step in a multi-barrier approach. Lastly, the impact of the aging distribution 
systems of public water systems on ingredient water quality will be addressed. 

805 Recent Regulatory Changes and Issues Affecting Your Dairy Operation 
RON SCHMIDT, University of Florida, Food Science & Human Nutrition Dept., P.O. Box 110370, 
Gainesville, FL 32611-0370, USA; MARLENA BORDSON, National Conference on Interstate Milk Ship­
ments, Illinois Dept. of Public Health, 525 W. Jefferson St., Springfield, IL 62761-0001, USA; PHILLIP 
WOLFF, USDA, 9604 Ellicott Lane, Manassas, VA 20110-5703, USA; ALLEN SAYLER, International 
Dairy Foods Association, 1250 H St. NW, Washington, D.C. 20005, USA; LOUIS CARSON, DI-IHS­
FDA-CFSAN-OCD-OFSDO, I-IFS-032 5100 Paint Branch Pkwy., College Park, MD 20740, USA 

Multiple agencies and many regulations govern today's United States dairy industry. Whether you are fairly 
new to the dairy industry, an international attendee or a seasoned US dairy veteran - this symposium is for you! 
Attendees unfamiliar with the industry will learn which US agencies have responsibility for certain dairy products 
and how regulations are drafted and implemented. International impacts such as Codex and IDF will be discussed. 
Presenters from USDA and FDA will bring you up-to-date on recent regulatory decisions such as the Bioterrorism 
Preparedness Act, which affects domestic plants and importers alike. Hear about the most recent Pasteurized Milk 
Ordinance decisions made at the National Conference on Interstate Milk Shippers held in May of this year. 
Attendees will leave having a much better understanding of the complex regulatory world of the US dairy industry. 

806 Update on Foodborne Disease Outbreaks 
SUNDEEP GUPTA, CDC-CID, MS A-38, Foodborne & Diarrheal Diseases Branch, 1600 Clifton Road, 
Atlanta, GA 30333, USA; THOMAS HILL, FDA, 5100 Paint Branch Pkwy., I-IFS-600, College Park, MD 
20740, USA; LARRY BEUCHAT, University of Georgia, Center for Food Safety, 1109 Experiment St., 
Griffin, GA 30223-1797, USA; MICHAEL LYNCH, CDC-CID, MS A-38, Foodborne & Diarrheal Dis­
eases Branch, 1600 Clifton Road, Atlanta, GA 30333, USA; DAVID WHITE, FDA, 8401 Muirkirk Road, 
Laurel, MD 20708, USA; KRIS'l'IN HOLT, CDC, Food Safety Office, MS G-24, 1600 Clifton Road, 
Atlanta, GA 30333, USA; JEFF FARRAR, California Dept. of Health Services, Food and Drug Branch, 
1500 Capitol Ave., P.O. Box 997413, MS 7602, Sacramento, CA 95899-7413, USA 

Foodborne outbreak investigations must be viewed as an opportunity to determine: (1) the specific food 
or foods serving as the vehicle for contamination, (2) how the food became contaminated, (3) how to stop the 
exposure, and (4) how to prevent the recurrence of a similar incident. Thorough, complete, and standardized 
epidemiological and environmental investigations are required, yet they are not generally viewed or conducted 
as a multidisciplinary effort among responsible agencies. Closely coordinated, standardized investigations are 
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critical to determine factors that may have contributed to the introduction, growth, and/or survival of pathogens 
in foods implicated in foodborne outbreaks. In this symposium, presenters will review recent foodborne outbreak 
investigations, including those linked to Salmonella Branderup in tomatoes and E. coli 0157:H7 in lettuce. The 
epidemiological phase and environmental phase of both investigations will be presented. Additionally, we will 
provide an overview of an emerging foodborne pathogen (Salmonella 4,5,(12):i:. 

S07 Safety Concerns of Food Chemical Contaminants 

WILSON RUMBEII-IA, Michigan State University, Diagnostic Center for Population and Animal 
Health, 4125 Beaumont Road, Lansing, MI 48910-8104, USA; LORI BESTERVELT, NSF Interna­
tional, 789 North Dixboro Road, Ann Arbor, MI 48105, USA; GEORGE SADLER, National Center for 
Food Safety and Technology, 6502 S. Archer Road, Summit, IL 60501, USA; STEPHEN OLIN, ILSI 
Risk Science Institute, One Thomas Circle NW, 9th Floor, Washington, D.C. 20005, USA; CHARLES 
SANTERRE, Purdue University, 700 West State St., Room 205, West Lafayette, IN 47907, USA; 
MARK NELSON, Grocery Manufacturers of America, 2401 Pennsylvania Ave., NW, 2nd Floor, Wash­

ington, D.C. 20037, USA 

Today's consumer, more than ever, is paying attention to trace levels of contaminants in foods and is 
concerned about the chemical safety of the food supply. Improved detection methods are capable of finding lower 
and lower levels of chemicals in a variety of matrices. Chemicals that have been in the spotlight recently for 
potential health and safety concerns have included acrylamide, furan, perchlorate, dioxins, PCBs, flame retar­
dants, and mercury. Nearly every manufacturer is impacted by one or more of these chemicals. These toxicants 
can enter the food supply at several points in the supply chain, including harvesting, production, storage, and 
transportation. This symposium will touch on many areas of toxicological concerns, from dietary supplements to 
packaging to seafood. It will provide a basic understanding of food toxicology, risk extrapolation, legal concerns, 
and research to address emerging issues in food toxicology. This symposium will provide insight into chemical 
food safety vulnerabilities. 

S08 Data fo1· Decision Maldng 

BRUCE TOMPKIN, 1319 W. 54th St., LaGrange, IL 60525, USA; MARTIN COLE, National Center 
for Food Safety and Technology, 6502 S. Archer Road, Summit, IL 60501, USA; ALEJANDRO 

MAZZOTTA, McDonald's Corporation, 2915 Jorie Blvd., Oak Brook, IL 60523, USA; DOMENIC 
CARAVETTA, Unilever NA, 800 Sylvan Ave. (C216), Englewood Cliffs, NJ 07632, USA; GARY ACUFF, 

Texas A&M University, Dept. of Animal Science, 24 71 TAMU, College Station, TX 77843-24 71, USA 

Data, data, data, we say it, we want it, but what does it really mean? Data is like ice cream and potato chips. 
Everyone wants to have some: consumers, regulators, scientists, producers, processors, suppliers and customers 
(I scream, you scream, we all scream for data!). The more data the better, as you can never get enough (You can't 
eat just one!). Data makes us feel good. Data gives us something tangible to hold on to. Data gives us something 
to measure each other by- or so we think. Merriam-Webster's online dictionary defines data as "factual informa­
tion (as measurements or statistics) used as a basis for reasoning, discussion, or calculation." "Ask Jeeves" 
defines data as a "representation of facts, concepts, or instructions in a formalized manner suitable for communi­
cation, interpretation, or processing by humans or by automatic means." Just as valuable as the numbers (raw 
data) themselves is how the data were collected (what methods were used), how they were analyzed, and how 
they will be interpreted. This symposium will cover several aspects of data use, from developing and implement­
ing sampling plans to collect data, to the use and interpretation of data for process validation and in meeting 
customer specifications. Presenters will also focus on the historical use and value of data and how to insure (or 
question) confidence in your testing program and thereby in your data. The information covered in this sympo­
sium will be of value to anyone in industry, academia, and government who develops and/or reviews sampling 
plans and collects, manages, and/or interprets data. 

S09 Materials for Multi-Use Food Contact Surfaces: Characteristics, Fabrication, and Evaluation 

STEVE SIMS, FDA, 5100 Paint Branch Pkwy., College Park, MD 20740-3835, USA; JOHN TVERBERG, 
Metals and Materials Consulting Engineers, 135 Fruitlyn Drive, Dallastown, PA 17313, USA; JEFFREY 

A. JANSEN, Stork Technimet, 2345 S. 170th St., New Berlin, WI 53151, USA; SARA RISCH, Michigan 

State University, 135 Packaging, East Lansing, MI 48824, USA 

The symposium will focus on the sanitary design characteristics and fabrication of materials used in multi­
use food contact surfaces of dairy and food equipment, recommended use applications, and evaluation testing. 
The principles of sanitary and hygienic construction and fabrication will be emphasized, along with current 
issues regarding the advantages and disadvantages of the various materials. An overview will be presented of 
the current knowledge of the characteristics of metal materials (e.g., stainless steel, aluminum, and other metals) 
and non-metal materials (e.g., plastics, rubber and rubber-like materials). An in-depth evaluation will be given 
regarding compositional formulation; surface treatment and finish; fabrication; and methodology for determining 
cleanability and absence of toxic residues. The symposium will conclude with a panel discussion involving the 
speakers, regulatory officials, and industry stakeholders. 
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810 Foodborne Diseases: Discovery of Causes and Reduction Strategies 
JACK GUZEWICH, FDA-CFSAN, HFS-600, 5100 Paint Branch Pkwy., College Park, MD 20740, USA; 
DAVID GOLDMAN, USDA-FSIS-OPI-IS, Room 341-E, Whitten Bldg., 1400 Independence Ave., SW, 
Washington, D.C. 20250, USA; JENNY SCOTT, Food Products Association, 1350 I St. NW, Suite 300, 
Washington, D.C. 20005, USA; CAROL SELMAN, CDC, National Center for Environmental Health, 
4770 Burford Hwy, NE (F28), Atlanta, GA 30341-3724, USA; CHRISTOPHER GRIFFITH, University 
of Wales Institute, Cardiff, Room D104, Llandaff Campus, Western Ave., Cardiff, South Wales, CFS 
2YB, UK; TRENT WAKENIGHT, Michigan State University, National Food Safety & Toxicology Center, 
165 Food Safety Bldg., East Lansing, MI 48823, USA; ELISA ELLIOT, FDA-CFSAN-OC-ERC, Staff 
HFS-600, 5100 Paint Branch Pkwy., Room 3B069, College Park, MD 20740-3835, USA 

Each year, foodborne disease affects billions of people worldwide. However, causes of illnesses and outbreaks 
are often not discovered. This is due to the inherent difficulties involved in linking etiological agents to a food 
vehicle and then determining the original source of contamination. Even if the cause is discovered, the infor­
mation is not always used to prevent future illnesses from occurring. This symposium will focus on the work of 
several groups who are helping to protect public l;\ealth at the national and state level by identifying contamina­
tion pathways of food and by developing strategies to reduce the incidence of foodborne disease. Speakers will 
address how regulatory agencies use information from foodborne disease investigations to set priorities, identify 
new interventions, and measure policy effectiveness; how the food industry has focused resources on validation 
and verification to ensure hazard control; how data from the CDC's EHSNet program can be used to prevent 
foodborne disease; how new tools such as social cognition models, notational analysis, risk assessment, cost­
benefit analysis, and social marketing can be used to improve food safety; and how efforts to increase food safety 
education at the state level can contribute to reductions in illness. Finally, Healthy People 2010 goals and their 
impacts on reducing incidence of foodborne disease will be discussed. 

S 11 Safety of Raw Milk Cheeses - A Global Perspective 
CATHERINE DONNELLY, University of Vermont, 200 Carrigan Hall, Dept. Nutrition and Food 
Science, Burlington, VT 05405, USA; JOHN BRUHN, University of California-Davis, Dept. Food 
Science & Technology, 1018 Cruess Hall, Davis, CA 95616, USA; JEFFREY FARBER, Health Canada, 
Tunney's Pasture Banting Research Centre, Postal Locator 2203G3, Ottawa, ON, KlA 0L2, Canada; 
PETER SUTHERLAND, NSW Food Authority, P.O. Box 6682, Silverwater, NSW, 1811 Australia; 
MELCHIOR SCHALLIBAUM, Agroscope Liebefeld-Posieux (ALP), Eidg. Forschungsanstalt filr 
Milchwirtschaft FAM, Schwarzenburgstrasse 161, 3003 Bern-Liebefeld, Switzerland; SYLVIE 
LORTAL, INRA-AGROCAMPUS, 65, rue de Saint Brieuc, Rennes Cedex, 35042 France; GIUSEPPE 
LICITRA, CORFILAC, S.P. 25 Ragusa mare Km 5, 97100 Ragusa, Sicily, Italy; CATHY STRANGE, 
Whole Foods Market, 2700 Wilson Blvd., Arlington, VA 22201, USA 

The safety of cheeses made from milks that have not received the legally defined pasteurization treatment 
(a minimum of 71.7 C for 15 seconds or more, United States) has been increasingly questioned by health 
authorities and researchers. Further, questions have arisen as to whether aging of these raw-milk cheeses is 
sufficient to inactivate target pathogens of public health significance. This symposium continues a discussion 
started at the 2004 IAFP raw milk cheese symposium on safety of these raw milk cheeses, primarily from a 
United States perspective. In this instance, the symposium will focus on global perspectives of the safety of milk 
raw cheeses. Discussants from Canada, Italy, France and Australia will review their science and safety perspec­
tives regarding the manufacture, aging and distribution of raw-milk cheeses. Alternatives to pasteurization, such 
as stringent microbiological criteria and sanitary standards implemented by the EU, will be reviewed. Several 
speakers will also address issues facing their national cheese industry relating to Codex Alimentarius and 
perspectives on the impact of global regulations on the international cheese trade will be discussed. 

812 Yeasts and Molds: When Fungi Go Bad, Who Do You Call? 
EMILIA RICO, BCN Research Laboratories, Inc., P.O. Box 50305, Knoxville, TN 3795, USA; PAUL 
HALL, Kraft Foods NA, 801 Waukegan Road, Glenview, IL 60025, USA; J. DAVID MILLER, Carleton 
University, Dept. of Chemistry, 228 Steacie Bldg., Ottawa, Ontario, KlS SB6, Canada; LARRY 
BEUCHAT, University of Georgia, Center for Food Safety, Room 188, Melton Bldg., 1109 Experiment 
St., Griffin, GA 30223-1797, USA; MIKE TUMBLESON, University of Illinois, Veterinary Biosciences, 
2001 South Lincoln Ave., Urbana, IL 61802-6199, USA; ROY BETTS, Campden & Chorleywood Food 
Research Association, Chipping Campden, Gloucestershire, GLSS 6LD, UK 

The USDA's Economic Research Service has reported that up to 27% of the edible food supply in the US is 
lost every year at the retail, foodservice, and consumer levels. A significant portion of this loss is due to spoilage 
of the edible food supply by yeasts and molds. Consumer demand for more natural, fresher food products with 
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fewer preservatives, combined with industry productivity initiatives and the global sourcing of ingredients, have 
exacerbated the problem in recent years. In addition to the economic and aesthetic impact of yeast and mold 
spoilage, public health can be impacted through increased allergic responses or through sequelae related to 
consumption of mycotoxin-contaminated foods. Presentations in this symposium will include an overview of 
the problem, detailed case studies on the spoilage of processed foods and beverages by yeasts and molds, an 
examination of mycotoxins, their control, both in pre-harvest commodities and in processed products, and 
approaches for the rapid detection of yeast and molds in food products. 

813 They Said What? - The Risky World of Risk Communication 

TOBY TEN EYCK, Michigan State University, 433B Berkey Hall, East Lansing, MI 48824, USA; 
GORDON MERIWETHER, The Uriah Group, 7700 Leesburg Pike, Suite 270, Falls Church, VA 22043, 
USA; EDWARD GROTH, Groth Consulting Services, 75 Clifford Ave., Pelham, NY 10803-1702, USA; 
SHELLEY GOLDBERG, International Food Information Council Foundation, 1100 Connecticut Ave., 
NW, Suite 430, Washington, D.C. 20036, USA; TODD PRITCHARD, University of Vermont, Dept. 
of Nutrition and Food Science, 204 Carrigan Hall, 536 Main St., Burlington, VT 05405-0004, USA; 
WILLIAM HUESTON, University of Minnesota, Center for Animal Health and Food Safety, 136 
Andrew Boss Lab, 1354 Eckles Ave., St. Paul, MN 55108, USA 

Communicating on food safety issues can be a perplexing and complicated process. Those within the food 
safety arena have risk analysis information that must be presented to the public, scientists, regulators, politicians, 
consumers and the media. I-low each of these groups hears information, processes that information and then re­
communicates to others influences the perception of risk. Whether the hazard is biological, physical or chemical, 
whether the outcome is acute or chronic, whether the risk is significant or insignificant, and numerous other 
factors also impacts on the perception of risk by many audiences. The symposium will introduce the sociaV 
cultural dynamics of risk and then, through the use of case studies, evaluate the historic success of risk analysis 
within specific areas of food safety. Using the broad topic areas of agricultural production, agricultural processing, 
food processing and bio-security, the speakers will identify and analyze the difficulties of staying on message 
while under fire from the many stakeholders. Utilizing the components of risk assessment, risk management and 
risk communication, each of the case studies will provide a historic picture of the changing perception of risk and 
society's reaction to that change. In addition, strategies for reducing message modification will be presented. 

814 Pre-Harvest Issues Associated with the Transmission of Vimses and Parasitic Protozoa -The 
Problems and the Solutions 

FRANCOISE S. LE GUYADER, IFREMER, Dept. of Microbiology, BP 21105, Nantes Cedex 3, 44311 
France; JAN VINJE, University of North Carolina, School of Public Health, Dept. of Environmental 
Sciences and Engineering, CB# 7431, Chapel Hill, NC 27599-7431, USA; DANUTA SKOWRONSKI, 
University of British Columbia Center for Disease Control, 655 West 12th Ave., Vancouver, BC, V5Z 
4R4, Canada; RONALD FAYER, USDA, Room 100, 10300 Baltimore Blvd., Bldg. 173 Bare-East, 
Beltsville, MD 20705, USA; BRENT DIXON, Health Canada Research Division, Tunney's Pasture, 
Ottawa, Ontario, KlA 0K9, Canada; J.P. DUBEY, USDA, Room 103, 10300 Baltimore Blvd., Bldg. 
1040 BARO-East, Beltsville, MD 20705-2350, USA 

Human enteric viruses and parasitic protozoa are recognized as significant causes of foodborne disease, 
responsible for as much as 68% and 3% of all foodborne illness in the United States, respectively. Although they 
have been recognized for years, the human enteric viruses and parasitic protozoa can be considered "emerging" 
agents of foodborne disease, largely because scientists have only recently been able to detect and study these 
pathogens. In fact, with improvements in epidemiology, molecular biology and molecular epidemiology, tools 
have been developed to investigate the origin of viral and parasitic outbreaks and contamination. Various viruses 
and parasites have been isolated or implicated in outbreaks involving fresh produce, shellfish, and meats. Many 
questions remain as to the sources of these pathogens in the environment, the routes of contamination, the 
pathogenic genotypes and the best strategies to minimize the risks of contamination at the pre-harvest level 
of food production. This symposium will address specific topics that are currently of interest in the field of food 
virology and parasitology, focusing on the pre-harvest issues associated with transmission of these pathogens 
and mechanisms to prevent or eliminate contamination so as to result in a safe food source. The latest foodborne 
outbreaks from new and emerging pathogens will be discussed, including outbreaks due to avian influenza virus 
and Cyclospora. This symposium will provide some insights into the problems of maintaining a variety of foods, 
such as shellfish, meat and produce, virus- and parasite-free, for human consumption. 
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815 Managing the Risk of Listeria monocyto~enes at Retail and Restaurants 
ANN DRAUGHON, University of Tennessee, 2605 River Road, 105 Food Safety and Processing Dldg., 
Knoxville, TN 37996, USA; MARTIN WIEDMANN, Cornell University, Dept. of Food Science, 412 
Stocking Hall, Ithaca, NY 14853, USA; JON WOODY, FDA, 5100 Paint Branch Pkwy., College Park, 
MD 20740, USA; STEVEN GROVER, Burger King Corporation, 5505 Blue Lagoon Drive, Miami, FL 
33126, USA; JILL HOLLINGSWORTH, Food Marketing Institute, 655 15th St. NW, Washington, D.C. 
20005, USA; KATHERINE SWANSON, Ecolab, 545 Huber Drive, Mendota Heights, MN 55120-1902, 
USA 

Manufacturers of ready-to-eat foods have made significant improvements in the design and manufacturing 
processes of sensitive products to prevent contamination and/or growth of Listeria monocyto&enes, Control 
measures include reformulation with antimicrobial agents to inhibit£. monocyto&enes growth, installing post­
lethality treatments to eliminate potential contamination, plant design focused on the isolation of individual 
producing lines, and increased environmental and finished product testing for Listeria monocyto&enes or Listeria 
spp. Recent studies demonstrated thatL. monocyto&enes can persist in some retail environments. However, 
knowledge of the potential transmission of L. monocyto&enes to foods, and of effective control measures in r0tail 
and restaurants establishments, is limited. This symposium will cover the latest information on the incidence of 
L. monocyto&enes in retail and restaurant environments and the opportunities for additional control measures 
to prevent product contamination. Presenters will focus on defining the problem of L. monocyto&enes in retail 
and restaurants, identifying current control measures in place, providing insight on additional control measures 
potentially needed, and providing some of the questions and issues that have arisen about the methodologies 
to monitor this pathogen in retail and restaurant settings to prevent harboring of L. monocyto&enes in their 
environment. The information covered in this symposium will provide valuable tools to food safety professionals, 
personnel at regulatory agencies, and retail and restaurant managers and operators. 

816 Risk and Control of Salmonella in Raw Nuts 
BILL HOSKINS, Blue Diamond Growers, 1802 C St., Sacramento, CA 95812, USA; JACK GUZEWICH, 
FDA-CFSAN, 5100 Paint Branch Pkwy., Room 3B-074, College Park, MD 20740-3835, USA; LINDA 
HARRIS, University of California, One Shields Ave., Davis, CA 95616-8598, USA; KAREN BATTISTA, 
Kraft Foods, 200 DeForest Ave., East Hanover, NJ 07936, USA; GUANGWEI HUANG, Almond Board 
of California, 1150 Ninth St., Suite 1500, Modesto, CA 95354, USA; MERLE JACOBS, Almond Board 
of California, 1150 Ninth St., Suite 1500, Modesto, CA 95354, USA 

Recent outbreaks of salmonellosis associated with the consumption of raw almonds have caused concerns 
about the risk and control of Salmonella in raw nut production and consumption. This symposium will discuss 
a range of topics associated with the risk and control of Salmonella in raw nuts. Speakers from government, 
industry and academia will provide information on the occurrence of Salmonella in nut production and process­
ing environments, wet vs. dry cleaning, and sanitation practices in postharvest environments. The speakers will 
provide an overview of the 2004 Salmonella outbreak in almonds and its impact on the industry. The symposium 
will also address the latest in thermal, non-traditional thermal, and non-thermal processes for the control of 
Salmonella in raw nuts. 

S 17 Oceans and Human Health: Trends and Practical Tools for Seafood Safety 
JULI TRTANJ, National Oceanic and Atmospheric Administration, Office of Global Programs, 
1100 Wayne Ave., Suite 1225, Silver Springs, MD 20910, USA; MARLENE JANES, Louisiana State 
University, Dept. of Food Science, 111 Food Science Bldg., LSU Ag Center, Baton Rouge, LA 70808, 
USA; LINDA ANDREWS, Mississippi State University, Coastal Research and Extension Center, Biloxi, 
MS 39532, USA; DAVID GREEN, North Carolina State University, Center for Marine Sciences and 
Technology, 303 College Circle, Morehead City, NC 28557, USA; PAW DALGAARD, Danish Institute 
for Fisheries Research, Dept. of Seafood Research, Ministry of Food Agriculture and Fisheries, D'l'U, 
Bldg. 221, 2800 Kgs. Lyngby, 2800, Denmark 

Little is known about the direct impact that the ocean has on human health. In 2004, NOAA established the 
Oceans and Human Health Initiative (OHi-II) to address this concern. This symposium will give an overview on 
the research goals of the OHHI. We do know that environmental conditions of the ocean have a strong influence 
on public health. Pathogenic organisms can be spread by circulation of waters through estuaries and coastal 
areas, such as harmful algal blooms, and through freshwater runoff from sewers, rivers, and streams. Pathogens 
can invade new areas of the ocean and become concentrated in filter-feeding shellfish, resulting in a burden on 
the seafood industry to control them. During this symposium, new processing technologies for detection and 
control of pathogens in seafood will be discussed. Emphasis will be placed on rapid methods to determine 
problem areas during sanitation of seafood processing facilities, new processing trends to control pathogenic 
bacteria in seafood, and bioluminescence for predicting microbial spoilage. Furthermore, with the globalization 
of fish trade and consumer demand for safe fish, HACCP-based systems and scientifically based risk assessment 
methods have been adapted. However, now, the emphasis is turning to an integrated, multidisciplinary approach 
to food safety and quality that includes the entire fish food chain. Presentations related to science-based strate-
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gies for histamine control in fish and the need for a holistic approach to ensure safety and quality will be given. 

This symposium will give insights into target research areas needed to better understand how the ocean affects 

human health and new approaches to ensuring the safety and quality of seafood. 

S 18 Risk Ranking fol' Foodbol'ne Pathogens 

GREG PAOLI, Decisionalysis Risk Consultants, Inc., 1831 Yale Ave., Ottawa, ON, KlH 6S3, Canada; 

ROB LAKE, ESR Food Safety Programme, P.O. Box 29-181, Christchurch, New Zealand; MICHAEL BATZ, 

Resources for the Future, 1616 P St. NW, Washington, D.C. 20036, USA; ROSETTA NEWSOME, Institute 

of Food Technologists, 525 West Van Buren St., Suite 1000, Chicago, IL 60607-3814, USA; JOHN 

PAINTER, CDC-NCID-DBMD, Foodborne Outbreak Response and Surveillance Unit, Foodborne and 

Diarrheal Diseases Branch, Mailstop A-38, Atlanta, GA 30333, USA; DEON MAHONEY, Food Standards 

Australia New Zealand, P.O. Box 7186, Canberra, BC, ACT 2610, Australia 

In order to reduce the burden of foodborne disease with the limited resources available, it is important that 

risk management activities be directed to areas of greatest risk and greatest opportunities for risk reduction. 

This exercise requires ranking of risks associated with food safety issues. The symposium will (1) introduce the 

problem broadly, including international issues such as the need for priority setting in developing countries, 

problems in ranking across both microbial and chemical hazards, and the importance of the 'measure' that is 

chosen, (2) identify data requirements for risk ranking and means of assembling necessary data, (3) examine 

approaches to attributing the total burden of foodborne disease to particular foods, ( 4) present different interna­

tional approaches to risk ranking, (5) demonstrate how risk ranking exercises can be used to assess opportunities 

for risk reduction, and ( 6) give specific examples of how risk ranking has been applied to regulatory decision­

making. Important risk ranking exercises have been undertaken or are underway in different parts of the world 

and this symposium tries to capture some of the main international developments. 

Sl9 Emichment Media and Sample Pl'epamtion: What's New? 

CATHERINE DONNELLY, University of Vermont, 200 Carrigan Hall, Dept. Nutrition and Food 

Science, Burlington, VT 05405, USA; JINGKUN LI, Strategic Diagnostics, Inc., 128 Sandy Drive, 

Newark, DE 19713, USA; LEE-ANN JAYKUS, North Carolina State University, Dept. of Food Science, 

Campus Box 7624/339D Schaub Hall, Raleigh, NC 27695, USA; BARRY PYLE, Montana State Univ­

ersity, Dept. of Microbiology, Bozeman, MT 59717, USA; JAY ELLINGSON, Marshfield Clinic Lab­

oratories, 1000 North Oak Ave., Marshfield, WI 54449, USA; SRINAND SREEVATSAN, Ohio State 

University, Dept. of Verterinary Preventive Medicine, Food Animal Health.Research Program, 

OARDC, 1680 Madison Ave., Wooster, OH 44691, USA 

In the race to develop rapid and novel microbiological identification methods, most of the developmental efforts 

have focused on the detection phase. These methods work well if sufficient target organisms are presented to the 

detection system, but, as is often the case when levels of contamination are low, the ability to find the organism in 

the food matrix become more complicated. Indeed, the usefulness of rapid detection technologies could be expanded 

if (i) the levels of the target organism(s) and/or their molecular components could be increased more rapidly and/or 

(ii) the target organism(s) could be separated, concentrated, and purified from the sample matrix before detection. 

This symposium will present and review those methods which are available to simultaneously address upstream 

sample processing and rapid detection, including the use of improved enrichment media, immunomagnetic separa­

tion in combination with PCR, surface sampling linked with scan cytometry, and other novel approaches for com­

bined pathogen concentration and detection. Taken together, the collaborative efforts of microbiologists, molecular 

biologists, and chemists are resulting in significantly reduced detection time while still enabling scientists to detect 

pathogens at the low levels anticipated in naturally contaminated products. 

S20 A Behaviol'al Appl'oach to Pel'formance-based Food Safety Management - Theory, Practice 

and Outcome for Successful Retail Food Safety Programs 

STEPHANIE OLMSTED, Safeway Inc., 32727 193rd Ave. SE, Kent, WA 98042, USA; PAUL MARRA, 

Wegman's Food Markets, 1500 Brooks Ave., Rochester, NY 14603-0844, USA; TOM CHESTNUT, 

Darden Restaurants, P.O. Box 593350, Orlando, FL 32859-3330, USA; FRANK YIANNAS, Walt Disney 

World, P.O. Box 10,000, Lake Buena Vista, FL 32830, USA; LARRY COHEN, Kraft Foods, NA, 801 

Waukegan, Glenview, IL 60025, USA; ALAN TART, FDA, Southern Region, 60 8th St. NE, Atlanta, GA 

30328, USA; HARRY FIELD, Law Office of Harry S. Field, 77 W. Washington, Suite 605, Chicago, IL 

60602, USA; ROBERT GRAVANI, Cornell University, Dept. of Food Science, 11 Stocking Hall, Ithaca, 

NY 14853, USA 

Retail Food Safety concerns continue to elevate each year as they have ownership of the food and are the 

last point of transfer before consumption by the customer. This makes them the first to be suspected in alleged 

food borne outbreaks. While retail food safety systems in the past may have not received the same emphasis 

placed on food safety in manufacturing facilities, success in today's retail food systems makes food safety prac­

tices a high priority needing everyone's support. Behavioral change is necessary to achieve food safety success. 
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This symposium will review how to change employee and management food safety behavior and provide positive 
success stories from selected IAFP Black Pearl recipients. Kraft Foods will provide an overview on their behav­
ioral-based food safety training program on how Best Practices can carry from manufacturer to retail. FDA will 
cover how intervention strategies using an operational approach towards performance management can lead to 
successful retail food safety programs. While there is a positive side to having effective food safety pro.grams, 
there is a negative side when changes are not applied. The legal, economic and social consequences of not 
changing these behaviors will be addressed from a legal aspect. Dr. Robert Gravani will tie all this together on how retail establishments can apply this theory and practice to "do it right the first time" and achieve successful retail food safety. 

S21 Produce Pacldnghouse Sanitutiom Designing and Implementing Effective Food Safety 
Programs 
JACK GUZEWICH, FDA-CFSAN, 5100 Paint Branch Pkwy., College Park, MD 20740-3835, USA; JUAN 
LEON, Emory University, Dept. of Global Health - RSPH, 1518 Clifton Road, 7th Floor, Atlanta, GA 
30322, USA; JENNIFER TONG, United Fresh Fruit and Vegetable Association, 1901 Pennsylvania 
Ave. NW, Suite 1100, Washington, D.C. 20006, USA; RON SCHMIDT, University of Florida, Food 
Science and Human Nutrition, P.O. Box 110370, Gainesville, FL 32611-0370, USA; LES LIPSCHUTZ, 
Food Safety, Inc., 2301 Calle de Real NW, Albuquerque, NM 87104, USA; JUAN MUNIZ, 
PrimusLabs.com, 2810 Industrial Pkwy., Santa Maria, CA 9345, USA 

Assuring and enhancing produce food safety is a top priority for the fresh produce industry. Fresh fruits and 
vegetables are increasingly packed directly into boxes in production fields to reduce postharvest handling and 
minimize the potential for mechanical damage to the products. However, significant quantities of fresh fruits and vegetables are still commercially harvested, placed in bulk containers, and transported to packinghouse facilities 
where sorting and packing occurs. Each product handling step, if done inappropriately, provides an opportunity 
for produce contamination to occur. Commingling of fresh produce and extensive direct product contact at 
packinghouses by employees, machinery and aqueous solutions also serve as potential means of cross contamina­tion. Produce packinghouse operations are extremely diverse in their product handing sophistication and food 
safety procedures. Raw agricultural commodity postharvest handling practices in packinghouse operations are 
currently not as clearly defined and commonly agreed upon as are GMPs and HACCP in the food processing 
industry. Food safety programs, which are well defined and function well within the control environs of a food 
processing plant, are not always appropriate in production agriculture situations such as a packinghouses. There 
is also little quantitative data regarding the risk associated with many of the postharvest handling practices 
commonly used in fresh produce packinghouses, and it is not commonly agreed upon as to exactly what the most effective risk management strategies may be. This symposium will offer the current perspectives of industry, 
academia and regulators on designing and implementing effective produce packinghouse food safety programs. 

S22 Intemational Food Safety Opportunities and Challenges in the Developing World 
MARIA DE LOURDES COSTARRICA, FAO, Food Quality Liaison Group, Food Quality and Standards 
Service, Food and Nutrition Division, Via delle Terme di Caracalla 00100, Office C-280, Rome, Italy; 
MALCOLM MCDONALD, Kraft Foods, P.O. Box 2000, Cobourg, ON, K9A 414, Canada; MARIA 
TERESA DESTRO, University Sao Paulo, Av Prof. Lineu Prestes 580 Bl14, Sao Paulo, SP, 05.508-900, 
Brazil; LOUIS LALEYE, United Arab Emirates University, Dept. of Food Sciences, College of Food 
Systems, P.O. Box 17555, Al-Ain, UAE; MARIA DEUG-DEEB, 525 Wilde Greene Drive, Roswell, GA 
3007, USA; ROBERT TAUXE, CDC, Mailstop A-38, Atlanta, GA 30333, USA 

According to the World Health Organization, the leading causes of death in developing countries originate 
from foodborne or waterborne diarrheal illnesses. Approximately 1.8 million people, mostly children, become ill 
or die annually. The developing world faces many challenges attempting to ensure the safety of their food supply. Food safety issues developing countries encounter are significantly different from those of developed countries, 
for many reasons. An introduction to the food safety differences between the developing and the developed world will be given. Suggestions will be offered regarding the future of food safety in these areas, including the need for 
international surveillance networks, comparative research, and collaborative investigations to research outbreaks when they occur. Political, cultural, and economic barriers affecting these areas will be also be addressed, and 
will include the objectives of the Kraft-UN Unistar program. This program provides technical assistance to small 
food companies in developing countries aiding in development of local food businesses. Food safety and pathogen control perspectives in South America will be introduced. A training program developed in part by the United 
Arab Emirates that educates employees in food safety and sanitation, including technical writing and research 
and presentation skills, will be presented. Finally, information regarding compliance standards for exportation 
of foods to developed countries will be discussed. The symposium will conclude with a round table discussion 
to encourage discussion regarding the different areas which were discussed. 
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823 Recent Advances in Intervention Strategies for Pathogen Control 

VIJAY JUNEJA, USDA-ARS-ERRC, 600 E. Mermaid Lane, Wyndmoor, PA 19038, USA; KATHERINE 
SWANSON, Ecolab, 840 Sibley Memorial Hwy., Mendota Heights, MN 55118, USA; JOHN SOFOS, 
Colorado State University, Dept. of Animal Sciences, 1171 Campus Delivery, Fort Collins, CO 80523-
1171, USA; LARRY BEUCHAT, University of Georgia, CFS, 1109 Experiment St., Griffin, GA 30223-
1797, USA; JOSEPH MEYER, Kraft Foods - Oscar Mayer, 910 Mayer Ave., Madison, WI 53 704, USA; 
ROBERT BUCHANAN, FDA-CFSAN-DHHS, HFS-06, 5100 Paint Branch Pkwy. #2B64, College Park, 
MD 20740-3835, USA 

Despite stricter regulatory standards, commercial standards, and better methods for controlling microorgan­
isms, the increasing numbers of illnesses associated with food borne pathogens such as Listeria monocytogenes 
and Escherichia coli 0157:H7 has renewed concerns about food safety. Accordingly, the need for better control 
of foodborne pathogens has been paramount in recent years. Recent research has explored or employed inter­
ventions to kill, remove or reduce foodborne pathogens on foods, including carcasses, meat and poultry products, 
fruits and produce. This symposium will discuss recent developments in intervention strategies for control 
of foodborne pathogens. This includes the interventions applied to the carcass surface and post-slaughter 
interventions; new technologies for decontamination of produce and novel means of applying sanitizing agents; 
multiple food formulation factors, and the use of predictive models to ensure microbiological safety of foods. The 
discussion will include national and international issues related to differences in conceptions of food, perceptions 
of risk and demand for food safety, and justifiable differences in regulatory systems. Also, this symposium will 
discuss verification and validation of plant sanitation intervention approaches, and management of foodborne 
pathogens for HACCP application and documentation. 

824 Microarray Technology: An Emerging Tool in the Food Microbiologists' Toolbox 

MARTIN WIEDMANN, Cornell University, Dept. of Food Science, 412 Stocking Hall, Ithaca, NY 
14853-7201, USA; ANDREW BENSON, University of Nebraska, Dept. of Food Science and Technol­
ogy, 330 Food Industry Complex, Lincoln, NE 68583-0919, USA; KATHRYN BOOR, Cornell Univer­
sity, Dept. of Food Science, 413 Stocking Hall, Ithaca, NY 14853-7201, USA; CLAUDE MABILAT, 
bioMerieux, Pare Club du Moulin a Vent, 33, rue Docteur Levy, 69693, Venissieux, Cedex, France 

Microarray technologies provide the microbiologist with an advanced tool to characterize microorganisms at 
the whole genome level, including the ability to simultaneously determine the presence or absence or expression 
of thousands of genes. Microarray-based expression monitoring provides the opportunity to gain a complete 
understanding of the response of food associated bacteria to different environmental conditions, which can 
facilitate the development of novel bacterial control and intervention strategies. Characterizing gene presence 
or absence by microarrays, on the other hand, provides a novel tool for sensitive bacterial subtyping, which not 
only allows subtype classification but also provides information on the presence or absence of relevant genes 
(e.g., virulence genes, antibiotic resistance genes, etc.). Finally, microarrays provide an opportunity for highly 
multiplexed detection of target genes, which can facilitate detection of pathogens and spoilage organisms as well 
as allow the detection of undesirable food components (e.g., not labeled animal species, etc.). Microarrays also 
provide unique challenges with regard to experimental design and statistical data analysis, which need to be 
addressed to maximize the benefits food microbiologists can derive from the use of this technology. This sympo­
sium will provide food microbiologists with an introduction to the microarray technology and different applica­
tions of this technology, including commercial and practical applications in the food industry. 

825 Pathogen Survival in Dl'ied Fermented Meat and Partially Cooked Products 

CARL CUSTER, USDA-FSIS-OPHS-MD-MIB, 902 D St. SW, Washington, D.C. 20024, USA; MARK 
HARRISON, University of Georgia, Dept. Food Science Technology, 340 F. S. Bldg., Athens, GA 
30602-7610, USA; RICHARD HOLLEY, University of Manitoba, Dept. of Food Science, Winnipeg, MB, 
R3T 2N2, Canada; CATHERINE CUTTER, Penn State University, Dept. of Food Science, 111 Borland 
Laboratory, University Park, PA 16802, USA 

E. coli 0157:H7 can survive the American Meat Institute (1992) guidelines for the manufacture of fermented 
and dried meat products. The more recent recommendations from the Blue Ribbon Task Force (Nickelson et al., 
1996) will increase manufacture cost and may compromise product quality if lethal thermal treatments are 
required. This symposium will identify the food safety problems associated with these products and the difficulty 
in dealing with issues associated with eliminating pathogens. It will explain why these products, which represent 
about 10% of processed meat production, are currently a risk to human health. The importance of microbial 
adaptation to environmental stress will be discussed and the symposium will present information on how 
"secondary" natural preservatives such as Lactobacillus reuteri and allyl isothiocyanate can enable continued 
safe production of these products without lethal thermal treatments, and overcome adaptive responses. The 
symposium will be concluded by a presentation that involves personal experience with small producers of dried 
meat products and the problems they face. 
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S26 Food Safety Objectives - Now That We I-lave Decided to I-lave Them, How Do We Think They 
Will be Used in Food Safety Management? 
ROBERT BUCHANAN, FDA-CFSAN-DI-IHS, HFS-06, 5100 Paint Branch Pkwy., #2864, College Park, 
MD 20740-3835, USA; PATRICIA DESMACHELIER, Food Science Australia, CSIRO, P.O. Box 52, 
North Ryde, NSW, 1670, Australia; LEON GORRIS, Unilever, SEAC - Risk Analysis Group, Colworth 
House, Shambrook, Bedford, MK44 lLQ, UK; S. ANDREW STARBIRD, Santa Clara University, 
Operations & Management Information Systems, 215 Kenna Hall, Santa Clara, CA 95053, USA; 
TANYA ROBERTS, USDA-ERS, 1800 M St. NW, Washington, D.C. 20036, USA 

A prominent global development in recent years within food safety management is the move towards a more 
risk-based approach at the governmental level. Lead by Codex Alimentarius, under the auspices of WI-IO and 
FAO, governments around the world are adopting risk analysis as a framework for making decisions on food 
safety. Within this framework, Microbiological Risk Assessment (MRA) is used to establish a view on the prevail­
ing risk in a population, for instance the risk associated with a food product/hazard combination. New concepts 
have been introduced in the process: Appropriate Level of Protection (ALOP), Food Safety Objective (FSO), 
Performance Objective (PO) and Performance Criterion (PC). Governments can use these to communicate their 
public health protection policy to particular food chains, e.g., through setting an ALOP (or comparable public 
health goals) and deriving an FSO from this. A number of questions remain to be answered, however. Which 
process is best followed in deriving the FSO from the ALOP and what science is called upon to underpin this 
process? Having an FSO, how will the related parameters be derived within an industrial context and how can 
industry prove to be in compliance with the FSO? Again, what science do we have to back up all this? The 
symposium intends to give a critical but positive outlook on issues related to setting and complying with FSOs. 

S27 Current Practices and Innovations in Cold Chain Management for Food Products 
KATHRYN BOOR, Cornell University, Dept. of Food Science, 413 Stocking Hall, Ithaca, NY 14853, 
USA; MARK SALIMBENE and CHUCK STOFFERS, Safeway Inc., 2800 Ygnacio Valley Road, Walnut 
Creek, CA 64598-3592, USA; STEPHEN NIGHTINGALE, Burntside Partners, Inc., 9607 Doctor Perry 
Road, #110, Ijamsville, MD 21754, USA; CATHERINE GOLDSMITH, SIRA Technologies, 345L E. 
Foothill Blvd., Suite 460, Pasadena, CA 91107, USA; THOMAS MCMEEKIN, University of Tasmania, 
School of Ag Science, Private Bag 54, Hobart, Tasmania, 7001, Australia 

Many foods in the diets of people around the world are dependent upon management of temperature to 
assure safety and quality. As the length and complexity of the in-country and international food chains grow, the 
importance of temperature management becomes the predominant factor in delivering a safe and consumable 
product. Temperature management for foods is primarily cold chain management. Cold chain management has 
progressed from storing food outside during the cold winters to the harvesting of ice that artificially extended the 
winter season to the invention and extended applicability of mechanical refrigeration, which allowed an artificial 
food winter to exist year around in any part of the globe that had power to drive the refrigeration units. Because 
microbes are the primary food contaminant affecting safety and quality, the symposium will focus on the specifics 
of how cold chain management affects human pathogens and food spoilage organisms. In order to address 
"Current Practices and Innovations in Cold Chain Management," existing methods, challenges and technologies 
will be reviewed by international and domestic food distributors. Finally, new technologies will be shared that 
improve the tracking and temperature control of foods, ending with a panel question-and-answer session open 
to attendees. 
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Abstract Book Addendum 
as of August 8, 2005 

MONDAY MORNING - AUGUST 15, 2005 

S0l Laboratory Response to Food Bioterrorism: 
How Prepared are We? 
Sponsored by !LSI N.A. 

8:30 Title Change - Food Bioterrorism Response Plan 
and CDC National Laboratory Capacities -Arthur 
P. Liang, CDC, Atlanta, GA, USA 

•••••••••••• 
S02 Microbiological Predictive Models: Develop­

ment, Use and Misuse 

11:30 Presenter Affiliation Correction -Tom 
McMeekin, University of Tasmania, Australian 

Food Safety Centre of Excellence, Hobart, 
Tasmania, Australia 

•••••••••••• 
Pl-12 Withdrawn 

1:30 

2:00 

2:30 

3:00 

3:30 

4:00 

4:30 

MONDAY AFTERNOON -AUGUST 15, 2005 

Late Breaking Session 
Avian Influenza and Managing Risk 

Harborside DE 
Organizer/Convenor: Mike Robach 

Sponsored by Cargill Inc. 

History and Classification of the H5Nl Virus -
David Swayne, US Department of Agriculture, 
Southeast Poultry Research Laboratory, Athens, 
GA,USA 

Risk Assessment, Risk Communication and 
Consequences - William Hueston, University of 
Minnesota, St. Paul, MN, USA 

Risk Management Strategies in Southeast Asia 
- Mike Robach, Cargill, Minneapolis, MN, USA 

Break 

Risk Management Strategies in the United 
States- Bruce Stewart-Brown, Perdue Farms, 
Salisbury, MD, USA 

Decontamination Technologies - Katherine M. 
J. Swanson, Ecolab, Mendota Heights, MN, USA 

Avian Influenza - a Global Perspective - Alex 
Thiermann, International Office of Epizootics, 
Paris, France 

This late-breaking symposium will provide food safety 

professionals with an overview of avian influenza and its 

potential effect on public health worldwide. Presentations 

will offer a history of avian influenza, including the 
recent HSNl epizootic, natural reservoirs of the virus, 

surveillance and monitoring efforts (including diag­
nostics), and approaches to understand and control the 

spread of the virus. Presentations will focus on public 

health implications and the impact on food safety and 

security. Risk management strategies, including the effect 

of food processing will also be discussed. Speakers will 

address experiences in Thailand and other parts of 
Southeast Asia, as well as the United States industry 
experience. 

S06 

3:50 

S07 

2:00 

3:30 

4:00 

4:30 

T02 

•••••••••••• 
Update on Foodborne Disease Outbreaks 
Sponsored by IAFP Foundation Fund 

Presenter Affiliation Correction - FSIS 
Perspective on This Emerging Pathogen - Kristin 

Holt, USDA-FSIS, Atlanta, GA 

•••••••••••• 
Safety Concerns of Food Chemical 
Contaminants 

Presenter and Title Change - The Role of a 
Standard in Ensuring Safety Dietary Supplements 
- Clif McLellan, NSF International, Ann Arbor, 
MI, USA 

Presenter Affiliation Correction - How Do 
Toxicologists Extrapolate Risk? - Stephen S. 
Olin, Risk Science Institute, ILSI Research 
Foundation, Washington, D.C., USA 

Title change - Environmental Contaminants in 
Seafood- Charles R. Santerre, Purdue University, 
West Lafayette, IN, USA 

Presenter Affiliation Correction - Legal Concerns 
Related to Chemical Food Safety Issues and the 
Impact on the Food Industry - Mark F. Nelson, 
Grocery Manufacturers Association, Washington, 
D.C., USA 

•••••••••••• 
Foods of Animal Origin Technical Session -
Convenors for the session are Mark Berrang 
and Doris D'Souza 
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T2-02 Survival of Listeria monocytogenes, Listeria 
innocua, and Lactic Acid Bacteria Species in 
Chill Brines - Bridget Archibal Meadows should 
be listed as an author 

T2-03 Alternative Cutting Methods to Minimize 
Transfer of Specified Risk Materials during Steak 
Preparation from Bone-in Short Loin - will be 
presented by Rob Yemm, Institute for 
Environmental Health, Seattle, WA, USA 

•••••••••••• 
P2-45 Evaluation of an Ozonated Water System and a 

Steam Pasteurization System for Controlling 
Listeria mono-cytogenes and Salmonella spp. on 
Raw Whole Shelled Almonds - will be presented 
by R. K. Phebus, Kansas State University, 
Manhattan, KS, USA 

P2-46 Evaluation of a Commercial Steam Pasteurization 
System for Controlling Listeria monocytogenes 
and Salmonella spp. on Raw Whole Shelled 
Pistachios - will be presented by R. K. Phebus, 
Kansas State University, Manhattan, KS, USA 

P2-52 Withdrawn 

P2-54 In Vitro Inhibition of Adsorption of Foodborne 
Viruses by Human Bifidobacterial Isolates - will 
be presented by Julie Jean, Universite Laval, 
Quebec, QC, Canada 

TUESDAY MORNING -AUGUST 16, 2005 

S12 Yeasts and Molds: When Fungi Go Bad, Who 
Do You Call? 

9:00 

Sponsored by !LSI N.A. 

Presenter Affiliation Correction - Case Studies on 
the Spoilage of Processed Foods and Beverages 
by Yeasts and Molds - Paul A. Hall, Kraft Foods 
Global, Inc., Glenview, IL, USA 

•••••••••••• 
S13 They Said What? -The Risky World of Risk 

Communication 
Sponsored by IAFP Foundation Fund 

8:30 Presenter Change - Global Differences in Risk 
Communication - GMOs and Irradiation -
William K. Hallman, Cook College, New 
Brunswick, NJ, USA 

10:30 Presenter Change - Lost in Translation: 
Communicating Trans Fat to the Consumer -
Tony Flood, International Food Information 
Council Foundation, Washington, D.C., USA 

• • • • • • • • • • • • 
P3-15 Survival and Growth of Enterobacter sakazakii 

on Fresh-cut Fruits and Vegetables - will be 
presented by Larry R. Beuchat, University of 
Georgia, Griffin, GA, USA 
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P3-43 Attachment and Biofilm Forming Abilities of 
Persistent and Non-persistent Listeria mono­
cytogenes Isolates - will be presented by Joseph 
F. Frank, University of Georgia, Athens, GA, 
USA 

TUESDAY AFTERNOON - AUGUST 16, 2005 

SJ9 Enrichment Media and Sample Preparation: 

3:30 

T04 

P4-28 

P4-48 

P4-49 

P4-54 

What's New? 
Sponsored by IAFP Foundation Fund 

Presenter Change -A Novel Surface Sampling 
Method Combine with Rapid Detection - Bruce 
Bradley, Microbial-Vac Systems, Inc., Jerome, 
ID, USA 

•••••••••••• 
Antimicrobials Technical Session 
Convenors will be Karen Killinger Mann and 
Amy Simmone 

•••••••••••• 
Vibrio vulnificus Septicemia Associated with 
Clam Consumption, 1988-2003 -will be 
presented by Patricia Yu, CDC, Atlanta, GA, 
USA 

Detection of Food Allergens by Quantitative and 
Qualitative ELISA - will be presented by Phil 
Myers, Tecra International Pty Ltd., Frenchs 
Forest, NSW, Australia 

Withdrawn 

Withdrawn 

WEDNESDAY MORNING-AUGUST 17, 2005 

S20 A Behavioral Approach to Performance-based 
Food Safety Management-Theory, Practice 
and Outcome for Successful Retail Food Safety 
Programs 

9:00 

S21 

9:30 

Presenter Change - Positive Success Stories on 
Implementing Behavioral Changes in Food Safety 
Culture - Panel of IAFP Black Pearl Recipients -
Peter Hibbard, Darden Restaurant, Orlando, FL, 
USA will be replacing Tom Chestnut. 

•••••••••••• 
Produce Packinghouse Sanitation: Designing 
and Implementing Effective Food Safety 
Programs 

Presenter Change - GAPs, GMPs, and Guidance: 
An Industry Update on Assuring Produce Food 
Safety- James Gorny, United Fresh Fruit & 
Vegetable Association, Davis, CA, USA 

•••••••••••• 
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T5-0l Foodborne Illness Litigation and How to Avoid It 

- will be presented by Patti Waller, Marler Clark 

LLP, PS, Seattle, WA, USA 

T6-10 School-related Foodborne Illness Outbreaks Low 

- The Food Nutrition Service Collaborates with 

Other Agencies and Works to Assure Safe Food 

in Schools - will be presented by Margaret 
Venuto, USDA-FNS, Alexandria, VA, USA 

P05 

•••••••••••• 
Method Development for Pathogen Testing 
Poster Session 
Convenors will be Laura Bauermeister 
and Vanessa Teter 

P5-05 Rapid Detection of Low Numbers of Escherichia 

coli O157:H7 in Apple Cider by Real-time 
Polymerase Chain Reaction - will be presented by 

David A. Golden, University of Tennessee, 
Knoxville, TN, USA 

P5-37 Identification of Campylobacter Isolates from 

Farms by PSTL Ribotyping - will be presented 

by F. Ann Draughon, University of Tennessee, 

Knoxville, TN, USA 

WEDNESDAY AFTERNOON -AUGUST 17, 2005 

S24 Microarray Technology: An Emerging Tool 
in the Food Microbiologists' Toolbox 
Sponsored by !LSI N.A. 

2:00 

3:00 

S27 

2:30 

Title Correction - Use of DNA Microarrays for 

Subtyping Microorganisms - Andrew K. Benson, 

University of Nebraska, Lincoln, NE, USA 

Presenter Affiliation Correction - Microarray as a 

Diagnostic Tool - Claude Mabilat, bioMerieux 

SA, Marcy l'Etoile, France 

•••••••••••• 
Current Practices and Innovations in Cold 
Chain Management for Food Products 
Organizers: John Rushing and Allen Sayler 
Convenors: Lori Ledenback and Allen Sayler 

Presenter Affiliation Correction - New 
Technologies for Monitoring and Managing 
Product Temperatures - Tom McMeekin, 

University of Tasmania, Australian Food Safety 

Centre of Excellence, Hobart, Tasmania, Australia 

WEDNESDAY AFTERNOON -
AUGUST 17, 2005 

Round Table Discussion on Identifying Food Safety Research Priorities for Developing Countries 

Chasseur Room 
1:00 p.m - 4:00 p.m. 

The Consultative Group on International Agriculture Research (CGIAR) has been charged with expanding their 

research efforts to include food safety. The mission of the CGIAR system is to mobilize national and international 

agricultural science to reduce poverty, foster human well being, promote agricultural growth, and protect the 

environment. The goal of this round table discussion is to aid the CGIAR Science Council in identifying food safety 

research priorities as they mobilize resources to expand their research agenda . 

••••••••••••••••••••••••••••••••••••••••••••• 
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