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Crawford,Wlllette M., Purdue University (P2-28) 
Critzer, Faith J., The University of Tennessee (T5-09) 
Custer, Carl S., Food Microbiologist (Ivan Parkin Lecture) 

Cutter, Catherine N., Pennsylvania State University (P2- I 6, P2-17) 
da Sliva, Ligia V.A., University of Maryland Eastern Shore (T7-05) 
D'Amlco, Dennis J., University of Vermont (P 1-1 0,T4-06) 

Davidson, Dean, FDA-CFSAN (RT3) 
Delgado-Gutierrez, Claudia, University of California-Davis (P 1-63) 
DePaola,Angelo, FDA Gulf Coast Seafood Laboratory (S 12) 

Derevianko,Alexandra, University of Delaware (P4-05) 
Desmarcheller, Patricia, Food Science Australia (P3- I 0) 
Destro, Marla Teresa, University of Sao Paulo (TS-08, PS-35) 

DeVries,Jon, Medalion Labs/General Mills (RT2) 
Diop, Michel B., Faculte Unlversltalre SciencesAgronomiques Gembloux 

(Belgium) and University C.A. DIOP (Senegal) (P 1-22) 
Dixon, Kristen, Dairy Farmers of America, Inc. (S23) 
Dominguez, Silvia, Rutgers University, The State of New Jersey (P3-27) 
Donofrio, Robert S., NSF International (P4-22) 
Doyle, Micheal P., University of Georgia (S 16, RT6) 
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Drake, Stephenie L., North Carolina State University (T2-09) 

D'Souza, Doris H.,The University ofTennessee (P3-35) 

Dykes, Gary A., Food Science Australia (P2-54) 
Eblen, Denise, USDA-FSIS (P2-75) 
Echeverry,Alejandro, Texas Tech University (P2-3 I, P5-73) 

EIGlndy, Gihan, Transcultural Education Center (SI 5) 
Erickson, Marilyn C., University of Georgia (P2-06) 

Ernst, David E., Bullivant, Houser, Bailey, Attorneys at Law (S 18) 

Escudero-Abarca, Blanca, North Carolina State University (P5-39) 

Esser, Susan, Michigan Dept. of Agriculture (S8) 

Fairley, Coesha A.,The University ofTennessee (P5-6 I) 

Fan, Lihua,Agriculture and Agri-Food Canada.Atlantic Food 
and Horticulture Research Centre (P 1-47) 

Farber,Jeff, Health Canada, Health Products and Food Branch (RT5) 

Farnum,Andrew D., DuPont Qualicon (Pl-29) 

Farrell-Evans, Melissa F., The University of Florida (P 1-21) 

Fedorka-Cray, Paula J., USDA-ARS-BEAR (P2-5 I, T8-0 I) 

Fegan, Narelle, Food Science Australia (P2-03, P2-62) 

Feng, Guoping, Corneil University (P 1-43) 

Fielding, Louise, University of Wales Institute-Cardiff (P4-0 I, S7) 

Fino,Vivlana, University of Delaware (P4- I 2) 

Fonnesbech Vogel, Bi rte, Technical University of Denmark (P5-3 I) 

Foong-Cunningham, Sally C., Ecolab Research Center (P4-16) 

Forsythe, Stephen, Nottingham Trent University (P3- I I) 

Francis, Gillian A., Univeristy of Limerick (P 1-37) 

Franco, Bernadette D.G.M., University of Sao Paulo (P4-37) 
Fratamico, Pina M., USDA-ARS-ERRC (P3-69) 
Freier, Timothy A., Cargill, Inc. (P2- I 8) 

Friedrich, Loretta M., University of Florida (P4-18) 
Froder, Hans, Federal Institute for Risk Assessment (P3-33) 

Fu, Tong-Jen, FDA-National Center for Food Safety and Technology 
(RT2, P4-62) 

Fullerton, Majorle,Alabama A&M University (P5-08) 
Gajewski, Kamil G., Florida State University (P4-6 I) 
Gao,Anli, University of Guelph (T4-04) 
Garay-Mart'nez, Luz E., Universidad de Guadalajara (P 1-07) 
Garcia, Santos, Facultad de Clencias Biologicas, Universidad Autonoma 

de Nuevo Leon (P5-56) 
Garren, Donna, National Restaurant Association (S 18) 

Garthwaite, lan,TECRA International Pty. Ltd, (P4-70) 
Gary, Lochrane, University of Florida Cooperative Extension (S4) 

Gast, Richard K., USDA-ARS (T4-09) 

Gaze, Joy E., Cam pd en & Chorleywood Food Research Association 
(P5-71) 

Gelting, Richard, CDC, National Center for Environmental Health (RT3) 

Genest, Berengere, bioMerieux, R&D Microbiologie lndustrielle (P3-60) 

Georgakopoulos, Panagiotis, Agricultural University of Athens (T3- I I) 

Geornaras, lfigenia, Colorado State University (P2-20) 

Gerba, Chuck, University of Arizona (RT3, S 17) 

Gifford, David, Washington State Dept. of Health (S 14) 

Gilbreth, Stefanie E., Ecolab Inc. (P5-30) 

Gilardi, Linda, Compass Group, The Americas (SI I) 

Gill, Alexander, Health Canada (P3-39) 

Glass, Kathleen, University ofWlsconsin-Madison (P2-32) 

Gombas, David E., United Fresh Produce Association (S 17) 

Gombas, Kathy, Dean Foods East (S8) 

Goodfellow, Steven J., Deibel Laboratories, Inc. (T6-02) 

Goto, Kelichi, Mitsui Norin Co. Ltd. (S22) 
Graumann, Gary H., University of Manitoba (P2-43) 

Gravani, Robert B., Cornell University (T8-02) 

Greig,Judy D., Public Health Agency of Canada (P3-05) 

Griffith, Chris, University of Wales Institute-Cardiff (S5, S 14) 

Grinstead, Dale A.,JohnsonDiversey (S 16) 

Grove, Stephen F., University of Tasmania, Food Science Australia (P5-46) 
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Gurtler,Joshua B,, University of Georgia (P 1-15) 

Gutzmann,Tim, Ecolab Inc. (S22) 

Hahn, Martin J., Hogan & Hartson, L.L.P. (S 11) 

Hajdock, Christina, University of Guelph (T2-04) 

Hajmeer, Maha, California Dept. of Health Services, Emergency Response 
Unit, Food and Drug Branch (SI, S 17, P3-07) 

Hall, Paul, ConAgra Foods, Inc. (Special Interest Session) 

Han, Feifei, Louisiana State University (T 1-07) 

Hao,Yun-Yun D., FDA/CFSAN (P4-06, P5-04) 

Hara-Kudo,Yukiko, National Institute of Health Sciences (P3-4 I) 

Harden, Elizabeth L., FDA, CFSAN (SI I) 

Harris, Kerri L., Michigan State University (P4-72) 

Harris, Craig K., Michigan State University (T8-05) 

Hartman,Angela D., GMA/FPA (P5-37) 

He, XIAO HUA, USDA-ARS-WRRC (P5-03) 

Heredia, Norma, Facultad de Cienclas Biologicas, Unlversidad Autonoma 
de Nuevo Leon (P3-06) 

Hill,Walt, IEH Laboratories & Consulting Group (P4-30) 

Hillyer; Elizabeth, University of Guelph (P5-25) 

Hirneisen, Kirsten A., University of Delaware (P3-44) 

Hofer,Tonu, Raley's & Bel Air (S 18) 

Holah, John, Campden and Chorleywood Food Research Association 
Group (T3-08,T3-09) 

Holley, Richard, University of Manitoba, (S2 I) 

Hong,JongWook.,Auburn University (S9) 

Hsieh.Yun-Hwa P., Florida State University (T3-10) 

Hu,Yuewei, Cornell University (T5-04) 

Hughes, Melissa K., Texas Tech University (P2- I 9) 

Hughes, Denise, DH Micro Consulting (P3-65) 

Hunt, Kristen A., Deibel Laboratories, Inc. (T3-03) 

Hurrell, Edward, Nottingham Trent University (P4-28) 

Hussain, Syeda K.,Auburn University (P2-65) 

Hussein, Hussein S., University of Nevada-Reno (P3-63) 

Hwang, Cheng-An, USDA-ARS-ERRC (T2- I 0, T7-07) 

Ikemoto, Hisato, Suntory Ltd, (S22) 

lturriaga, Montserrat H., Universidad Autonoma de Queretaro (P 1-51) 

Iwamoto, Martha, CDC, Outbreak Response and Surveillance Team, 
Enteric Diseases Epidemiology Branch, Div. of food borne, Bacterial 
and Mycotic Diseases (SI) 

Jackow, Sr., George R., Brevard County Health Dept. (P 1-24) 

Jackson, Lauren S., FDA/NCFST (P4-74) 

Jacob, Renata, USDA-ARS-ERRC (P2-44, P2-45) 

Jadeja, Ravirajslnh P., Louisiana State University (P3-50) 

James, Deborah L.,WestVirginia University (Pl-41) 

Jardine, Cindy, University of Alberta (S 15) 

Jay.James (RT4) 

Jaykus, Lee-Ann, North Carolina State University (S9, S 13) 

Je,Jung-Hyun, Gyeongsang National University (P4-59) 

Jean.Julie, Universlte Laval (T 1-04) 

Jechorek, Robert P., rtech laboratories (P3-75, P3-76) 

Jensen,Anne, Technical University of Denmark (P5-27) 

Jha,Alok, Institute of Agricultural Sciences, Barnaras Hindu University 
(S4) 

Jiang, Cindy, McDonald's Corporation (S7) 

Joe, lkro, Kim Laboratories, Inc. (P3-73) 

Johannessen, Gro S., National Veterinary Institute (P 1-31) 

Jones, Deana R., USDA-ARS, Egg Safety and Quality Research Unit 
(T4-I 0) 

Jones, Tineke H.,Agriculture and Agri-Food Canada (P2-64) 

Juneja,Vijay K., USDA-ARS-NAA-ERRC (RT I, P2-36) 

Jung,Yang Jin, Kyung Hee University (P2-78) 

Kadam, Priya, USDA-FSIS (T 4-1 I) 
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Kakani, Grlhalakshmi,Texas A&M University (P 1-48) 
Kalinowski, Robin, NCFST (S2 I) 
Kasuga, Fumiko, National Institute of Health Sciences (P3- I 5) 
Kasula, Ramarao,Alabama A&M University (P2-57) 

Katharlou, Sophia, North Carolina State University (S 19) 
Kawasaki, Susumu, National Food Research Institute (P5-06) 
Keener, Larry, International Product Safety Consultants (RT2) 

Kelthline,Jeffrey A., Keller and Heckman, LLC (RT2) 

Kendall, Pat, Colorado State University (RT4) 
Kendra, David F., USDA-ARS-NCAUR (RT2) 

Kennedy, Peter, Quality Flow Inc. (RT3) 
Kennedy, Shaun, University of Minnesota, National Center for Food 

Protection and Defense (S3) 

Kern,Jacob,The Ohio State University (P5-54) 
Khan,Ashraf A., FDA (P 1-23, P5-2 I) 
Kilonzo-Nthenge, Agnes, Tennessee State University (P2-50) 
Kim,Ae-Yeong, Korea Health Industry Development Institute (P4-29) 
Kim, Hae-Yeong, Graduate School of Biotechnology, Kyung Hee 

University (P5-23) 
Kim, Hyun Jung, Korea Food Research Institute (P4-57) 

Kim, II-Jin, Chung-Ang University (P4-2 I) 
Kim,Jae-Won, North Carolina State University (PS-28) 
Kim,Jeongsoon, Samsung Everland Inc. (Tl -12) 

Kim,Jlnkyung, University of Georgia (PS-14) 
Kim,Jong-Gyu, Kelmyung University (P4-75) 
Kim, Mi Kyo, Ewha Womans University, (P4-56) 

Kim, Min Soo, CJ Corp. (P3-77) 
Kim, Seung-Hwan, Daegu Regional KFDA (P 1-18) 
Kim, Shin-Hee, University of Maryland (PS-26) 
Kinley, Brandon, Clemson University (PS-55) 
Kltahara,Akio, 3M Health Care Limited (P 1-08) 
Knlel, Kalmia E., University of Delaware (PS-47) 
Kocaoglu-Vurma, Nurdan A.,The Ohio State University (P4-23) 
Kodaka, Hidemasa, Nissui Pharmaceutical Co., Ltd. (P3-42) 

Koefod, Robert S., Cargill, Inc. (P 1-02) 
Kohl, Larry,Walt Disney World Company (S 11) 
Konagaya,Yuklfuml, Niigata University of Pharmacy and Applied Life 

Sciences (NU PALS) (P 1-52) 
Kongo,J. Marcelino, University of Azores (T3-07) 
Kopper, Gisela, University for International Cooperation (TB-08) 
Kornacki,Jeff, Kornackl Microbiology Solutions, LLC (S21) 
Kosekl, Shigenobu, National Food Research Institute (P3-24) 
Kotloff, Karen L. University of Maryland School of Medicine, Center 

for Vaccine Development (S2) 
Kottapalll, Bala, IEH Laboratories & Consulting Group (P3-30, PS- I 9, 

PS-20) 
Kovacevic, Jovana, University of Alberta (P2-6 I) 

Kretzer.Jan, ProfosAG (P3-37) 
Kubota, Kunihiro, National Institute of Health Sciences (P3-13) 

Labbe, Ronald, University of Massachusetts (P 1-28) 
Lal,Weihua, Kansas State University (P4-64) 
Landgraf, Marlza, University of Sao Paulo (P 1-54, P2-08) 

Larkln,John, FDA (S23) 
Lastra,Jalme,Wal-Mart Stores, Inc. (S7) 
Laury,Angela M., Texas Tech University (P2-0 I) 
Lawlor, Kathleen A., PepsiCo, R & D (RT2) 
Lee, Jong-Kyung, Korea Food Research Institute (P4-50) 

Lee,Joongoo, Korea Food & Drug Administration (P4-54) 
Lee,JuWoon, Korea Atomic Energy Research Institute (P4-73, P5-72) 
Lee, Kl-Eun, Kyungnam University (PS-65) 
Lee, Kwang-Geun, Dongguk University (P3-3 I, P3-32) 
Lee, Sun-Young, Chung-Ang University (P 1-38, P4-07, P4-08, P4-09, 

PS-I I, P5-12) 

Leighton, Sean, The Coca-Cola Company (S22) 
Lemons, Laura, Texas Tech University (P2-77) 
Leon-Velarde, Carlos G., Laboratory Services Division, 

University of Guelph (P2-60) 
Levln,Joshua D., KPL, Inc. (P3-38) 
Li,Jlngkun, Strategic Diagnostics, Inc. (T 1-1 O, P2-66) 
Li,Yanbln, University of Arkansas (Tl-05) 
Li, Xln, North Carolina State University (PS-22) 

Li, Jingkun, Strategic Diagnostics, Inc. (P3-59) 

Licltra, Gulseppe, CORFILAC (S4) 
Lim,Jong-MI, Busan Regional Korea Food & Drug Administration (P 1-27) 
Lindsay, Denise, University of the Witwatersrand (P4-25) 

Line,John E., USDA-ARS-PMSRU (P4-38) 
Linton, Richard, Purdue University (RT5) 

Little, Christine L., Health Protection Agency Centre for Infections 
(P 1-14) 

Liu, Pengbo, Rollins School of Public Health, Emory University (P4-10) 
Livsey, Kimberly, FDA-ORA-Southeast Region (S 15) 
Lloyd, David C., University ofWales Institute-Cardiff (UWIC) (T7-02) 
Lolsy-Hamon, Fablenne, CEERAM SAS (T 1-03) 
Lopes, Marissa, IEH Laboratories & Consulting Group (P 1-30) 

L6pez-Malo,Aurelio, Unlversldad de las Americas Puebla 
(P3-23, P4-46, P4-47) 

Ma, Li, University of Georgia (P5-34) 
Mahoney, Deon, Food Standards Australia New Zealand (RT5) 
Maldonado, Ema S., Universidad Autonoma Chapingo/Posgrado 

en Producclon Animal (TB-07) 
Mandrell, Robert, USDA-ARS-WRRC (S 13) 

Mangalassary, Su nil, Clemson University (P2-26) 
Maraldo, David, Drexel University (P3-54) 
Marra, Paul,Wegmans Food Markets, Inc. (SI I) 

Martinez-Gonzales, Nanci E., Laboratorio de Mlcroblologla e lnocuidad 
de Allmentos (P2-48) 

Martin, Elizabeth, Bio/Ag Engineering, University of Arkansas (P2-30) 

Martino, Karina G. (P3-26) 
Mataragas, Marlos,Agriculture University of Athens (P5-44) 
Mathusa, Emily,Vlrginia Polytechnic Institute & State University (T4-07) 
Matthews, Karl R., Rutgers Universlty,The State University of New 

Jersey (P 1-44) 
Maurer,John J., Public Health, University of Georgia (S 13) 
Maxwell, Grace L., Canadian Food Inspection Agency (P3-78) 

Mccurdy, Sandra M., University of Idaho (P2-74) 
McEgan, Rachel, University of Guelph (T2-06) 
Mcllwham, Sarah, Health Canada and University of Ottawa (TS-02) 
McIntyre, Lorraine F., BC Centre for Disease Control (P3- I 2) 
McIntyre, Lynn, Institute of Environmental Science and Research (ESR) 

Ltd. (P3-55) 
McKlnney,Julle,Virginla Tech (P2-33) 
McKnight, Susan, Quality Flow Inc. (RT3) 
McLandsborough, Lynne A., University of Massachusetts, Dept. of Food 

Science (T3-0 I) 
McNamara.Ann Marie, Sllliker, Inc. (Special Interest Session) 

Medeiros, Lydia,The Ohio State University (SS) 
Mendonca,Aubrey F., Iowa State University (P2-37, P2-38) 
Mendoza, Karla M., Rutgers, The State University of New Jersey (P3- I 7) 
Meyer,Joseph D., Kraft Foods Oscar Mayer (SI 0) 

Michaels, Barry,The Michaels Group (S 14) 
Miles,Jacquelyn M.,Virglnla Tech (P 1-40) 
Millotls, Marianne, FDA-CFSAN (T7-04) 
Miller, Robert S.,Auburn University (T6-09) 

Mlller,John, Florida Dept. of Agriculture and Consumer Services (SB) 
Mllls,John, bioMerleux, Inc. (P3-82) 
Minion, F. Chris., Iowa State University (S 19) 
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Moir, Cathy, Food Science Australia (S22) 

Montlbeller, Flavia Reglanlnl, University of Sao Paulo and 
JohnsonDiversey Brazil (P4-3 I) 

Monu, Emefa A., University of Manitoba (PS-68) 

Moorman, Mark, Kellogg Company (RT2) 

Moran, Anthony P., National University of Ireland (S2) 

Mortimore, Sara E., General MIiis, Inc. (SI 0) 

Moxley, Rodney A., University of Nebraska-Lincoln, Dept. ofVeternlary 
and Biomedical Sciences (S2) 

Mukherjee,Avik, Colorado State University (T6-04) 

Munoz-Furlong,Anne,The Food Allergy &Anaphylaxls Network (SI I) 

Murano, ElsaA.,TexasAgricultural Experiment Station (RT4) 

Musgrove, Michael T., USDA-ARS (P 1-12) 

Muth, Mary K., RTI International (P2-7 I) 

Mutharasan, Raj, Drexel University (T 1-0 I) 

Naar, Diana Carolina, University ofTennessee (P4-27) 

Nannapaneni, Ramakrishna, Center for Food Safety & Microbiology -
IFSE (P4-44, P4-45) 

Nastasijevic, Ivan, Institute of Meat Hygiene and Technology (P2-72) 

Neal, Jay, Texas A&M (T2-03) 
Neetoo, Hudaa, University of Delaware (T2-I I) 

Neill, Marguerite A., Memorial Hospital of Rhode Island, Div. of 
Infectious Diseases (S6) 

Nelson, Cralg,Vigilistics, Inc. (S8) 

Ngazoa, Solange E., Universite Laval (PS-40) 

Nguyen, Thai-An, CDC, Epidemiology Branch, Div. of Food borne, 
Bacterial and Mycotic Diseases, National Center for Zoonotic, 
Vectorborne, and Enteric Diseases (SI) 

Niemira, Brendan A., USDA-ARS-ERRC (T2-05) 

Nightingale, Kendra K., Colorado State University (TS-0 I) 

Nitzsche, Sabine, Institute for Food Safety and Hyglene,Vetsuisse Faculty 
University of Zurich (P2-52, P3-80) 

Nolan, Canlce, Delegation of the European Commission (RT5) 

Novak, Ryan CDC, Division ofVlral Hepatitis (S2) 

Nou, Xiangwu, USDA-ARS-FTSL (P2-47) 

Nychas, George-John E.,Agrlcultural University Athens (P 1-05, P2-40, 
P5-52, T3-02,T6-0 I) 

Oh, Deog-Hwan, USDA-ARS and North Carolina Agricultural Research 
Service (PS-13) 

Oh, Sooyeon, National Center for Food Safety & Technology, Illinois 
Institute ofTechnology (P4- I 7) 

Ohkochi, Mlho, Q. P.Corporatlon (P 1-1 I) 

0kland, Marianne, National Veterinary Institute (P 1-39) 

Oliver, Haley F., Cornell University (T5-05) 

Olson, Bradley F., University of California-Davis (P 1-58) 

Om,Ae Son, Hanyang University (P4-52) 

Oscar, Thomas P., USDA-ARS (P2-69) 

Oyarzabal, Omar A., Auburn University (S9) 

Pagadala, Sivaranjanl, University of Maryland Eastern Shore 
(Pl-19,T2-08) 

Pagotto, Franco J., Health Canada (P 1-68) 

Palou, Enrique, Unlversldad de las Americas Puebla (P3- I 8, P3-19, P5-67) 

Pan,Youwen, USDA-ARS and North Carolina Agricultural Research 
Service, North Carolina State University (T 1-06) 

Paoli, George, USDA-ARS-NAA-ERRC (S9) 

Papafragkou, Efstathla, North Carolina State University (P5-4 I) 

Parikh, Pritl,Vlrglnla Tech (T6-03) 

Park,Yoen Ju, University of Georgia (P4-l 5) 

Parton,Adrian, Matrix MicroScience (P3-56, P3-57, P3-58) 

Parveen, Salina, University of Maryland Eastern Shore (P3-2 I) 

Pascual, Gabriel,Agency for Development of Export Markets (S4) 

Patel,Jitu, USDA-ARS-BARC-East (P5-70) 

Patterson, Margaret,Agrl-Food and Biosciences Institute (T4-05) 
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Patton, Brenda S., Iowa State University (T3-06) 

Pavlc, Anthony, Birling Avian Laboratories (P2-80) 

Pearce, Lindsay, Fonterra Research Centre (P3-20) 

Petran, Ruth L., Ecolab Inc. (S 17) 

Phillips, Robert, USDA-FSIS-OPHS-FERN (S3) 

Pierce, Sarah J.,Auburn University (T6-08) 

Pittenger-Alley, Lauren, USDA-ARS (P5-07) 

Plauche, Sajlda, Louisiana State University (P2-04, P4-20) 

Pollarl, Frank, Public Health Agency of Canada (T7-03) 

Porto-Fett,Anna C.S., USDA-ARS-ERRC (P2-46) 

Powell, Douglas A., Kansas State University (SI 0) 

Pratt, Mark, USDA-FSIS-OPHS (P2-39) 

Prince, Gale,The Kroger Company (RT5) 

Pursley, Blll,AIB (Special Interest Session) 

Quinlan,Jennifer J., Drexel University (P 1-62) 

Quinones, Beatriz, USDA-ARSWRRC (P4-49) 

Raabe, Oriana N., University of Minnesota (P5-0 I) 

Rajkowski, Kathleen T., USDARS, ERRC, FSITRU (P5-64) 

Ramos, Oscar, Escola Superior de Blotecnologla (P4-4 I) 

Ranieri, Matthew, Cornell University (T4-02) 

Rao, Qinchun, Florida State University (P4-65) 

Rasheeduddin Ahmed, Syed, Muslim Consumer Group (S 15) 

Rasooly, Avraham, NIH-NCI and FDA-CD RH (S 19) 

Ratphltagsantl, Wannasawat, The Ohio State University (P5-63) 

Redmond, Elizabeth C., University of Wales Institute-Cardiff 
(P 1-59, P5-57) 

Regensteln,Joe, Cornell University (S 15) 

Reineke, Karl, FDA (P3-71) 

Rekow, Corri L.,Texas Tech University (P2-70) 

Rencova, Eva, Veterinary Research Institute (P4-63) 

Restalno, Lawrence, R and F Laboratories (P3-43) 

Rheinhart, Courtney.Virginia Tech (T2- I 2) 

Richards, Jennifer K., University of Tennessee (P 1-55) 

Richardson, L.Jason., USDA-ARS-PMSRU (P2-67, P2-68) 

Ritter, Bruce W., ELISA Technologies, Inc. (P4-68) 

Robbins, Rebecca C., North Carolina State University (P3-34) 

Roberson, J.Alan.,Amerlcan Water Works Association (AWWA) (RT3) 

Roberts,Terry A., Food Hygiene Consultant Uohn H. Silliker Lecture) 

Roberts,Tanya, USDA-ERS (S6) 

Rodriguez-Garcia, Ofelia, Universldad de Guadalajara (P3-14) 

Rodriguez-Marva!, Mawlll, Colorado State University (P5-59) 

Rodriguez-Maynes, Liliana, Canada Food Inspection Agency (S 12) 

Rosenblum, Ida E.,Atlanta Reseach Education Foundation and Center 
for Disease Control and Prevention (P3-0 I) 

Ross.Tom, University ofTasmanla (P2-35) 

Rule, Patricia L., bloMerieux, Inc. (P5-74) 

Ryan, Paul, FMI (S7) 

Ryu, Kyung, Dongnam Health College (P4-19) 

Sagoo, Satnam, Health Protection Agency - Centre for Infections (PS-60) 

Sanchez, Eduardo, Unlversidad Aut6noma de Nuevo Le6n (P4-48) 

Sanchez-Mendoza, Mlroslava, State Laboratory of Public Health 
at Hidalgo (P4-53) 

Santiago, Lilla M.,John Morrell & Company (T6-05) 

Sasanya,James J., Great Plains Institute of Food Safety, North Dakota 
State University (T3-12) 

Sauders, Brian D., New York State Dept. of Agriculture and Markets 
(T4-08) 

Schaffner, Donald W., Rutgers, The State University (RT I, S 16) 

Scott, H. Morgan.,TexasA&M Univesity (SI 3) 
Scott, Jenny, GMA/FPA (RT6) 
Sekulovski, Pavle, Faculty of Veterinary Medicine (P 1-06) 

Sela, Shlomo,Agrlcultural Research Organization (ARO),The Volcanl 
Center (TS- I 0) 
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Senevirathne, Reshani N., Louisiana State University (P 1-20) 

Seo, II, Kyungnam University (P3-28) 

Seo, Kun-Ho, College of Veterinary Medicine, Konkuk University 
(P3-52, P3-53) 

Seo, Kyo-Young, Chung-Ang University (P3-22) 

Sertkaya,Aylin, Eastern Research Group, Inc. (P 1-65) 

Seward, Sklp,American Meat Institute (S3) 

Shale, Karabo, Central University ofTechnology, Free State (P4-04) 

Sharma, Manan, USDA-ARS-BARC-East (T3-05, RT4, PS-45) 

Shearer,Adrienne E.H., University of Delaware (PS-69) 

Sheehan, Tracie G., Sara Lee Corporation (SI I) 
Sheen, Shiowshuh, USDA-ARS-ERRC (T7-06) 

Sheesley, Mary, University of Nebraska-Lincoln (P2-22) 

Shepherd,Jr., Marion W., Clemson University (P2-07) 
Sheth,Anandi, CDC, Enteric Diseases Epidemiology Branch, Div. of 

Foodborne, Bacterial and Mycotic Diseases, Nat'I Center for 
Zoonotic, Vectorborne, and Enteric Diseases (SI) 

Shim, Soon-Ml, Seoul National University (P4-55) 

Simpson, Catherine A., Colorado State University (P2-56) 

Sims, Steven, FDA (SB) 
Singh, Manpreet,Auburn University (P2-55, PS-18) 

Sischo, William M., Washington State University (S 13) 

Skandamis, Panagiotls N.,Agricultural University of Athens (TS-06) 

Skrypec, Dan, Kraft Foods, Inc. (S I I) 

Slade, Peter J., National Center for Food Safety and Technology (RT2) 

Smukowski, Marianne,Wisconsin Center for Dairy Research (S23) 

Snyder, Marcia, GOJO Industries, Inc. (P4- I I) 
Snyder, 0. Peter, Hospitality Institute ofTechnology and Management 

{RTI) 
Solomon, Ethan B., DuPont Chemical Solutions Enterprise (S 16) 

Spink,John W., Michigan State University (P 1-69, P3-84) 

Sprenger, Richard A., Hlghfleld.co.uk (RTS, S 14) 

Srebernich, Silvana M., Pontificia Universidade Cat6lica de Campinas 
{P 1-03, P4- I 4, PS-58) 

Stephens, Tyler, Texas Tech University (P2- I 0, P2-1 I, P2-12) 

Stewart, Diana, FDA (P3-5 I) 
Stopforth, Jarret, IEH Laboratories & Consulting Group (P 1-36, P4-34) 

Su-Ok, Kim, Busan Regional Korea Food and DrugAdminitration (P4-66) 

Su pan, John, Louisiana State University (S 12) 

Swanson, Katherine M.J., Ecolab Inc. (RT4) 

Swiatek, Dayna L., University of Melbourne (T4-0 I) 

Tamplin, Mark, University ofTasmania (S3, P2-63) 

Tan, Agnes, Melbourne University (S 14) 

Tanus, Carlos, Kansas State University (P2-34) 

Tart, Alan M., FDA (P 1-67) 
Tasara, Taurai, Institute for Food Safety and Hygiene (PS-42, PS-43) 

Tassinari,Adriana dos Reis, 3M do Brasil Ltda (P 1-09, P3-72) 

Tassou, Chrysoula C., National Agricultural Research Foundation, 
Institute of Technology of Agricultural Products (P 1-49, Pl-50) 

Tauxe, Robert, CDC-NCID-CCID, Division of Bacterial and Mycotic 
Diseases (RT4) 

Taylor, Mike, University of Maryland School of Public Health (RT6) 

Taylor,T. Matthew., University ofTennessee (P4-40) 

Taylor.Tim, University of Florida (S4) 

Tebbs, Robert S.,Applied Biosystems (T 1-1 I) 

Ten Eyck,Toby A., Michigan State University, Dept. of Sociology 
and National Food Safety and Toxicology Center (SS) 

Terzagian, Robin, Florida Dept. of Health (P 1-70) 

Thippareddi, Harshavardan, University of Nebraska-Lincoln (RT I) 

Thomas, Colleen, USDA-ARS-SAA-SPRL (P2-29) 

Thompson, Leslie K., Silliker Inc., Food Science Center (P3-66, P3-67, 
Tl-09) 

Thronton, 111, Thomas S., Carr,Ailison, Pugh, Howard, Oliver and Sisson 
(S 18) 

Timbo, Babgaieh B., Center for Food Safety and Applied Nutrition, FDA 
(P3-04) 

Todd, Ewen, Michigan State University (P3-29, S 14, RTS) 

Tokarskyy, Oleksandr, Mississippi State University (P 1-26) 

Torrence, Mary E., USDA-CS REES (S 13) 

Townes,John M. Oregon Health & Science University (S6) 

Toyofuku, Hajlme, National Institute of Health Science (S 12) 

Trautman, Tom, General Mills (SI I) 

Truelstrup Hansen, Lisbeth, Dalhousie University (PS-51) 

Tu, Shu-I, USDA-ARSNAA-ERRC (S9) 

Tuomola, Mika, Ralsio Diagnostics (P3-6 I, P3-62) 

Uhlich, Gaylen A., USDA-ARS-ERRC (PS-15) 

Urakami, Hiroshi, Niigata University of Pharmacy and Applied Life 
Sciences (NUPALS) (T3-04) 

Van Zlie, Kathleen W., Florida Dept. of Health (P3-09) 

Vanegas, Marla C., Universldad de los Andes (P2-59) 

Vasireddy, Yams K.,Alabama A&M University (PS-36) 

Vaughn, Katherine, University of Arkansas (P2-25) 

Vernozy-Rozand, Christine, Ecole Nationale Veterinalre de Lyon (P3-40) 

Viator, Catherine L., RTI international (P2-76) 

Villard, Philippe H., bloMerieux, Inc. (P3-83) 

Yillarruel-L6pez,Angilica, Universadad de Guadalajara (P 1-04) 

Vimont,Antoine, Ecole NationaleVeterinalre de Lyon - UMAP-QSA 
(P3-64) 

Vurma, Mustafa,The Ohio State University (Pl -13, P 1-46) 

Walte,Joy G.,The Ohio State University (P4-36, PS-33) 

Walls, Isabel, USDA-FSIS, Office of Food Defense and Emergency 
Response (S3) 

Wang, Chunxiao, College of Food Science, Shanghai Fisheries University 
(PS-I 0) 

Wang, Hong, University of Arkansas (T 1-02) 

Weimer, Bart, Utah State University (S 19) 

Whitney, Brooke M., North Carolina State University (T2-07) 

Wliderdyke, Marsha R., University of Nebraska-Lincoln (P 1-45) 

Williams, Leonard L.,AlabamaA&M University (P4-42) 

Wilson, Craig, Costco Wholesale (RT I) 

Wong, Llly,Applied Biosystems (P3-74) 

Wong,Amy C. Lee., University of Wisconsin-Madison (S 16) 

Woods, Jacquelina W., FDA (P3-46) 

Wright,Anita, University of Florida (PS-24, S 12) 

Xu, Sa, University of Minnesota (PS-05) 

Yan, Zhinong, Michigan State University (P2-79) 

Yarbaeva, Shakhlo N., University of Nebraska-Lincoln (P2-4 I) 

Yee, Benson J., California Dept. of Health Services, Emergency Response 
Unit, Food and Drug Branch (SI) 

Yehualaeshet,Teshome,Tuskegee University (P 1-17) 

Yiannas, Frank,Walt Disney World Company (S5) 

Yoon,Yohan, Colorado State University (P5-l 6,T7-08) 

Yuk, Hyun-Gyun, University of Florida (P 1-42) 

Yun, Hyun Sun, Korea University (PS-66) 

Yurtas, H. Cem, University of Minnesota (P3-36) 

Zhang, Guodong, University of Georgia Center for Food Safety (P4-26) 

Zhang, Donglal L., University ofTasmania (TS-12) 

Zhang,Xueying,The Ohio State University (P4-39) 

Zhang, Lei, Michigan State University (P2-14) 

Zhao, Shaohua, FDA (T6-07) 
Zheng, Jie, University of Maryland (TS-07) 

Zink, Donald, FDA-CFSAN (SI, Special Interest Session) 

Zweifel, Claudio, Institute for Food Safety and Hyglene,Vetsuisse Faculty 
University of Zurich (P2-09) 
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IVAN PARKIN LECTURE ABSTRACT 

It's the Science, Stupid 
Reflections on 41 Years as a Food Microbiologist 

Presented by 

Mr. Carl Custer 
Food Microbiologist 
Bethesda, Maryland 

Scientific discovery has been the basis for our advancements in public health, welfare and the 

many conveniences of modern life. In the past millennium, especially in the past century, science 

has provided a food supply that is both more abundant and safe. But human nature has remained the 

same. 
In my 41 years as a food microbiologist, I have observed that ignorance, laziness and even greed have 

caused many foodborne outbreaks. The past year's headlines show human nature continues to foster 

outbreaks. It's not just the producers and processors, but also policy makers who have let problems slide 

because the epidemiology did not support action (too few bodies). I will give a few examples. 

Almost 400 years ago, Sir Francis Bacon, cribbing from earlier philosophers, wrote, "For what 

a man had rather were true he more readily believes.Therefore he rejects difficult things from impatience 

of research ... things not commonly believed, out of deference to the opinion of the vulgar." 

As food science professionals, we can provide the science to prevent or minimize future outbreaks. 

While we do not have all of the answers, we have many of them. We must explain and articulate the 

scientific issues to the farmers producing our food, to the government policy regulators, to industry's 

marketers and processors and to the politicians providing funds and drafting laws. We can use the science 

and the rules of logic to overcome the prejudices and beliefs of those with the power to affect food safety. 

It's good for business, it's good for public health, it's good for the "General Welfare:' 

Also, 400 years ago, William Shakespeare wrote, "Ignorance is the curse of God, knowledge, the wing 

wherewith we fly to heaven." Let's fly. 

Sponsored by 

OIAFP 
... FOUNDATION 

S9 - journal of Food Protection Supplement A 
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JOHN H. SILLIKE.R LECTURE. ABSTRACT 

Trends in Food Safety Management 

Presented by 

Dr. Terry A. Roberts 
Food Safety Consultant 

Reading, United Kingdom 

Despite the widespread implementation of HACCP and a range of Good Practices (Veterinary, 

Hygienic, Manufacturing), and greatly improved controls during food processing and 

distribution, in some countries much reliance is still placed on microbiological criteria. 

The purposes, and limitations, of microbiological criteria will be reviewed briefly, and recent changes 

in the application of microbiological criteria in the European Union described. Despite modelling 

microbial death having been accepted for decades in thermal processing, modelling microbial growth 

and survival in foods was met with suspicion, even hostility. The development of adequate and useful 

models of growth will be summarized. The urgent need for an accessible, and relevant, database of 

microbiological data and information for food technologists and regulators will be restated. Some 

unresolved problems in food safety management will be discussed, including the value of challenge 

testing, psychrotrophic saccharolytic anaerobes in ready-to-eat foods and risk-based decisions. 

Journal of Food Protection Supplement A - 60 
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SYMPOSIUM ABSTRACTS 

RT I Using HACCP to Innovate New Processes 
in Retail Food Operations 

DONALD W. SCHAFFNER, Rutgers University, 
The State University of New Jersey, Food 
Risk Analysis Initiative, 65 Dudley Road, 
New Brunswick, NJ 08901-8520, USA; 
HARSHAVARDAN THIPPAREDDI, University 
of Nebraska-Lincoln, Dept. of Food Science 
and Technology, 236 Food Industry Complex, 
Lincoln, NE 68583-0919, USA; VIJAY K.JUNEJA, 
USDA-ARS-NM-ERRC, Food Safety Interven
tion and Technology Research Unit, 600 Mer
maid Lane, Wyndmoor, PA 19038-855 I, USA; 
CRAIG WILSON, Costco Wholesale, 999 Lake 
Drive, Issaquah, WA 98027, USA; 0. PETER 
SNYDER, Hospitality Institute ofTechnology and 
Management, 670Transfer Road, Suite 21 A, St. 
Paul, MN 55114, USA 

The FDA Retail Food Code says that, if the retail 
food industry wants new processes, it must innovate 
them using HACCP. It is not the FDA's responsibility 
to develop new processes. Of course, new process 
innovation is at the heart of a strong retail food 
industry. IAFP's retail food members constantly seek 
ways to improve their processes, and they need 
knowledge about HACCP technology and process 
development. While many operators know about the 
seven principles of HACCP, these principles are 
merely steps in a development process and do not 
provide information about scientific development -
specifically, hazard identification, development and 
validation of controls, development of monitoring and 
corrective action procedures, and finally, verification 
procedures. On the other hand, numerous studies 
In the Journal of Food Protection have discussed new 
process validation (e.g., safety of rice cakes; using 
buckets of vinegar solution to rinse fingers). Presen
tations I, 2, and 3 will provide information about the 
science of retail cold holding, pasteurization, and 
cooling, which are crucial to most safe retail food 
processes. In Presentation 4, a grocery company 
representative will discuss the use of HACCP science 
to validate and Implement new process controls in 
grocery stores. Presenters will then ask questions of 
each other and participants as to how they can use 
the information presented in this roundtable to 
innovate new processes when they return to their 
operations. 

61 - Journal of Food Protection Supplement A 

RT2 The Management and Control of Chemi
cal Hazards in Food 

P. MICHAEL BOLGER, FDA-CFSAN, 5100 Paint 
Branch Pkwy., College Park, MD 20740, USA; 
DAVID F. KENDRA, USDA-ARS-NCAUR, 1815 
N. University St., Peoria, IL 61604, USA; LARRY 
KEENER, International Product Safety Consult
ants, 4021 W. Bertona St., Seattle,WA 98199, 
USA; MARK MOORMAN, Kellogg Company, 
Porter Street Office Complex, 235 Porter St., 
Battle Creek, Ml 49014, USA;JEFFREY A. 
KEITHLINE, Keller and Heckman LLP, 100 I 
G St. NW, Suite S00West,Washington, D.C. 
2000 I, USA; PETER J. SLADE, National Center 
for Food Safety and Technology, 6502 S.Archer 
Road, Summit-Argo, IL 6050 I, USA;JON 
DEVRIES, Medallion Labs/General Mills, 9000 
Plymouth Ave. N., Minneapolis, MN 55427, USA; 
TONG-JEN FU, FDA, National Center for Food 
Safety and Technology, 6502 S.Archer Road, 
Summit-Argo, IL, 6050 I, USA; KATHLEEN A. 
LAWLOR, PepsiCo, I 00 Stevens Ave.,Vallhalla, 
NY I 0595, USA 

Recently there appears to have been more 
publicity of the risks associated with particular 
chemical hazards in certain foods than In previous 
years. There are a number of reasons for this, not 
least of which is the fact that new concerns have 
arisen in areas least expected to garner such atten
tion, and also as a result of contemporary electronic 
dissemination of information and reaction to such 
episodes through the Internet. Issues such as food 
allergens, heavy metal contamination of seafood and 
candies, acrylamide formation, and pesticide and other 
residue contamination, have all been featured In the 
popular press and debated via the web. There have 
been corresponding responses from regulatory 
agencies, the industries affected, the scientific 
community, as well as from consumers and other 
stakeholders. This roundtable proposes to consider 
and reflect on some of the major issues and events 
chronicled over the past few years, and to bring 
particular focus on the management and control of 
the events in question, through scientific and/or, 
regulatory means with the associated communication 
of messages to stakeholders regarding the apparent 
risk(s). The roundtable will be organized to allow 
recognized subject-matter experts to give the 
background on recent major events and to consider 
the key requirements for effective control of the 
respective issues through communication of core 
scientific and regulatory principles. In addition to 
those speakers giving Introductory addresses 
regarding some of the more notable cases, other 
speakers will consider the control of chemical hazards 
Implicated in such events through application of 
HACCP, and the efficacy of messages relating to 
relative risk as communicated to consumers. 
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RT3 Water Emergencies:Too Much,Too Little, 
Too Late and What is the Plan? 
CHUCK GERBA, University of Arizona, College 
of Agricultural Life Sciences, Bldg, 90,Tucson,AZ 
85721-0038, USA; RICHARD GELTING, CDC, 
National Center for Environmental Health, 4770 
Buford Highway NE, Atlanta, GA 30341-3724, 
USA; MICHAEL BRODSKY, Brodsky Consultants, 
73 Donnamora Cresent,Thornhill, ON, L3T 4K6, 
Canada;J.ALAN ROBERSON,American Water 
Works Association (AWWA), 1300 Eye St. NW, 
Suite 70 I W, Washington, D.C. 20005, USA; 
SUSAN MCKNIGHT, Quality Flow Inc., 3691 
Commercial Ave., Northbrook, IL 60062, USA; 
PETER KENNEDY, Quality Flow Inc., 3691 
Commercial Ave., Northbrook, IL 60062, USA; 
DEAN DAVIDSON, FDA-CFSAN, 5100 Paint 
Branch Pkwy., College Park, MD 20740, USA 

An "emergency" is defined as a sudden, usually 
unexpected occurrence or occasion requiring immed
iate action. Disasters occur when hazards strike in 
vulnerable areas. With less than I% of the earth's 
water supply being made up of freshwater, any dram
atic change in it affects the availability of ingredient 
water for the food supply. Suddenly having too much 
water, cutting off a water supply for an extended period 
of time or chronic water shortages with no end in 
sight; what can or should to be done to ensure the 
quality and quantity of Ingredient water under these 
conditions? This roundtable will focus on both the 
short and long term impact of water emergencies on 
the quality and quantity of ingredient water for use in 
the food supply. Speakers will share their Insight on 
the Impact of water shortages on irrigation waters 
use for product production, how Hurricane Katrina's 
damage to the drinking water systems and sewage 
systems crippled foodservice operations attempting 
to open, the role of the public health department in 
water disasters like the E.coli tragedy in Walkerton, 
Ontario, Canada, and the impact from loss of water 
service from a boil water Incident in Cary, NC will 
be discussed, Questioners will be from industry and 
government, and audience participation will be 
encouraged. The Water Safety & Quality PDG will 
then develop a white paper from the r6undtable 
discussion with the hope of publication in Food 
Protection Trends. 

RT4 With Over I 00Years of Experience 
in Food Safety, We Think ... 
ELSAA. MURANO,TexasAgricultural Experi
ment Station, 2142 TAMU, College Station, TX 
77843-2142, USA;JAMES JAY, 4805 Ruby 
Forrest Drive, Stone Mountain, GA 30083, USA; 
KATHERINE M.J. SWANSON, Ecolab Inc., 655 
Lone Oak Drive, St. Paul, MN 55121-1649, USA; 
ROBERTTAUXE, CDC-NCID-CCID, Division 
of Bacterial and Mycotic Diseases, Mailstop 
A-38, Atlanta, GA 30333, USA; MANAN 
SHARMA, USDA-ARS-BARC-East, Bldg. 20 I, 
I 0300 Baltimore Ave., Beltsville, MD 20705, 
USA; PAT KENDALL, Colorado State University, 
Dept. Food Science & Human Nutrition, Room 
200 Gifford Bldg., Fort Collins, CO 80523-1571, 
USA;JOHN BASSETT, Unilever, Colworth House, 
Sharnbrook, Bedford, Bedfordshire, MK44 IJQ, UK 

Food has likely never been as safe as it is today, 
but It remains a significant public health Issue. Each 
year it is estimated that one-third of Individuals in 
developed countries become ill from food and water 
each year. From the origins of food preservation to 
modern Interventions, there have been advances and 
impediments In food protection.This symposium 
poses the question: "What is the best, and conversely, 
the worst thing that has happened to food safety/" 
Each speaker will be given creative liberty to use their 
experience in the field and their unique vantage point 
to address this question.This symposium uniquely 
takes advantage of the expertise of these speakers 
who have significantly contributed to advancing food 
safety worldwide. This format allows speakers to 
share their thoughts and opinions with the member
ship of IAFP, especially those still in graduate school 
or just starting their careers. This is an informal 
discussion that acknowledges past accomplishments 
and challenges but also describes changes in food 
safety that have occurred or that will occur on a 
global scale. This discussion Is intended to stimulate 
conversation amongst the IAFP membership to 
encourage a comprehensive approach to addressing and 
accomplishing food safety objectives. This symposium 
alms to generate discourse on innovative approaches 
to reduce the burden of foodborne illness and to 
encourage members to view food safety as a dynamic 
field that requires awareness of all perspectives. 

RTS Panel on the Science Behind Temperature 
Control of Potentially Hazardous and 
High Risk Food 
RICHARD LINTON, Purdue University, 745 
Agricultural Mall Drive,West Lafayette, IN 
47907-2009, USA; GALE PRINCE,The Kroger 
Company, IO 14 Vine St., Cincinnati, OH 45202, 
USA; CANICE NOLAN, Delegation of the 
European Commission, 2300 M,Washington, 
D.C. 20037, USA; EWEN TODD, Michigan 
State University, 165 Food Safety & Toxicology 
Bldg., East Lansing, Ml 48824, USA; DEON 
MAHONEY, Food Standards Australia New 
Zealand, P.O. Box 7186, Canberra, BC,ACT 2610, 
Australia;JEFF FARBER, Health Canada,Health 
Products and Food Branch,Tunney's Pasture,A.L. 
2203G3, Ottawa, ON, KI A OL2, Canada; 
RICHARD SPRENGER, Highfield.co.uk, Vue Point, 
Spinney Hill, Sproborough, Doncaster, South 
Yorkshire, DN5 ?LY, UK 

Potentially hazardous foods (PHFs) traditionally 
are foods that are capable of supporting growth of 
infectious or toxigenic microorganisms. These foods 
are typically prone to temperature abuse and should 
be kept at temperatures that prevent microbial 
growth (e.g.,< 4°C - > 60°C). However, there are 
exceptions that do not fit the definition precisely. 
The 2005 version of FDA Model Food Code has an 
extensive section on a revised definition of PHFs, 
based on work by the Institute of Food Technologists 
(I FT), who reviewed the evolution of the term PH F, 
and recommended a change to time/temperature 

Journal of Food Protection Supplement A - 62 
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control for safety (TCS).The IFT developed a 
framework that could be used to determine whether 
a food is a PH F (TCS food) or not. Part of the 
framework Includes two tables that consider the 
interaction of pH and aw in a food, whether the food is 
raw or heat treated, and whether it is packaged.When 
further product assessment is required, the application 
of microbiological challenge testing (inoculation 
studies) is discussed along with pathogen modeling 
programs and reformulation of the food.This new 
definition Is considered by some to be overly compli
cated for food operations like retail stores and 
restaurants to follow.The roundtable will hear the 
rationale for the development of the new definition 
and how the food industry and states that adopt the 
Code will react. Questioners will be from other 
national jurisdictions as how their countries respond 
to this in comparison with their definitions and 
management policies. 

RT6 Food Safety Laws: Political Science or 
Food Science 
MIKE TAYLOR, University of Maryland, School 
of Public Health, IO S. Pine St., MSTF Bldg., 
Room 902, Baltimore, MD 2120 I, USA; PETER 
BEN EMBAREK, World Health Organization, 
Dept. of Food Safety, Zoonoses and Foodborne 
Diseases, 20 Ave.Appia, CH-121 I Geneva 27, 
Switzerland; MICHAEL P. DOYLE, Center for 
Food Safety, University of Georgia, I I 09 
Experiment St., Griffin, GA 30223-1797, USA; 
JENNY SCOTT, GMA/FPA, 1350 I St. NW, 
Suite 300,Washington, D.C. 20005-3305, USA 

The United States GovernmentAccountability 
Office recently recognized food safety as a high 
priority area for the federal government. This follows 
a year of high profile foodborne disease outbreaks 
which has prompted a call for review and perhaps 
revision of our national approach to regulatory 
oversight. Although most food safety laws originated 
over I 00 year ago, but many changes have occurred 
in the farm-to-fork continuum since that time. 

In February 2007, members of Congress 
introduced the Safe Food Act, an initiative intended to 
consolidate food safety efforts at the federal level by 
the creation of a single Food Safety agency. Specifi
cally, the Safe Food Act would merge the food safety 
related activities of at least eight different federal 
agencies, with the new agency directed by a single 
administrator. The legislation proposes new regula
tions that would require the following: (I) registra
tion and regular Inspection of food processors; (2) 
oversight of process control systems in food establish
ments; (3) standards and regular sampling/testing for 
food contaminants; (4) regular inspection of and 
uniform standards for imported foods; (5) a national 
foodborne disease surveillance program overseen by 
the US Centers for Disease Control and Prevention; 
and (6) ongoing research and education to improve 
food safety. This initiative is consistent with those of 
many other nations which have already consolidated 
their food safety efforts. 

A panel has been convened to discuss the pros 
and cons of this proposal. The panel consists of 
individuals representing the following perspectives: 
the National Academy of Sciences IOM report: 
Ensuring Food Safety from Production to Consump
tion; the World Health Organization; the food 

63 - Journal of Food Protection Supplement A 

industry; and a former US food safety regulator. 
Following brief presentations by the panelists, there 
will be a panel discussion with questions and answers 
from the audience. The goal of this roundtable is to 
promote open communication between the various 
constituents as we seek for continued improvement 
in food safety using a science-based approach. 

SI Foodborne Disease Update 

THAI-AN NGUYEN, CDC, Epidemiology Branch, 
Div. of Foodborne, Bacterial and Mycotic Diseases, 
National Center for Zoonotic,Vectorborne, and 
Enteric Diseases, Mailstop A-38, Atlanta, GA 
30333, USA; BENSON J.YEE, California Dept. of 
Health Services, Emergency Response Unit, 
Food and Drug Branch, 1500 Capitol Ave., P.O. 
Box 997435, MS-7602, Sacramento, CA 95899-
7435, USA; ANANDI SHETH, CDC, Enteric 
Diseases Epidemiology Branch, Div. of Food
borne, Bacterial and Mycotic Diseases, National 
Center for Zoonotic,Vectorborne, and Enteric 
Diseases, MailstopA-38, Atlanta, GA 30333, 
USA; DONALD ZINK, FDA-CFSAN, 5100 Paint 
Branch Pkwy., Room 38-074, HFS-600, College 
Park,MD 20740-3835,USA;MARTHA IWAMOTO, 
CDC, Outbreak Response and Surveillance 
Team, Enterlc Diseases Epidemiology Branch, 
Div. of Foodborne, Bacterial and Mycotlc Dis
eases, MailstopA-38,Atlanta, GA 30333, USA; 
MAHA HAJMEER, California Dept. of Health 
Services, Emergency Response Unit, Food and 
Drug Branch, 1500 Capitol Ave., P.O. Box 997435, 
MS-7602, Sacramento, CA 95899-7435, USA 

The Foodborne Disease Update Symposium 
provides attendees with updates on significant 
foodborne disease outbreak investigations and other 
related foodborne disease issues.This year's sympo
sium will cover two themes:The major E.coli O 157: 
H7 outbreaks in the US linked to spinach and lettuce 
and the multiple outbreaks of botulism in the US and 
Canada linked to carrot juice from a California 
processor. 

S2 Vaccination Strategies to Control 
Foodborne Pathogens from Farm-to
Table 
KAREN L. KOTLOFF, University of Maryland 
School of Medicine, Center for Vaccine Develop
ment, IO S. Pine St., Baltimore, MD 2120 I, USA; 
RODNEY A MOXLEY, University of Nebraska
Lincoln, Dept. ofVeterinary and Biomedical 
Sciences, Lincoln, NE 68583-0905, USA;JOHN 
J. MAURER, University of Georgia, Population 
Health, 0252 PDRC Main Bldg.,Athens, GA 
30605, USA; RYAN NOVAK, CDC, Division of 
Viral Hepatitis, 1600 Clifton Road NE, Mailstop 
G-37, Atlanta, GA 30330, USA; ANTHONY P. 
MORAN, National University of Ireland, Univ
ersity Road, Galway, Ireland; ROBERT L.ATMAR, 
Baylor College of Medicine, Dept. of Molecular 
Virology and Microbiology, One Baylor Plaza, 
Houston,TX 77030, USA 
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In view of pressure to reduce antimicrobial drug 
usage and to emphasize preventive strategies to 
control foodborne disease transmission, there has 
been increased interest in vaccination as a means of 
protecting the public from foodborne disease. 
Vaccination strategies to prevent foodborne disease 
transmission provide unique challenges, though. For 
example, while the goal of traditional vaccination 
strategies often is to prevent disease, vaccination 
of farm animals to control foodborne disease often 
needs to prevent colonization with an agent that may 
not even cause disease in the host species vaccinates 
(such as Escherichia coli O I 57:H7 in cattle). This 
symposium will provide an overview of vaccination 
strategies that can help control foodborne disease 
from farm-to-table, including vaccination of farm 
animals that may be a reservoir for a foodborne 
pathogen as well as vaccination of food handlers 
and consumers. 

S3 Food Defense Research and Application 

DAVID ACHESON, FDA-CFSAN, Office of 
Food Defense, Communication, and Emergency 
Response, 5100 Paint Branch Pkwy., College 
Park, MD 20740, USA; SHAUN KENNEDY, 
University of Minnesota, National Center for 
Food Protection and Defense, 925 Delaware 
St., SE, Suite 200, Minneapolis, MN 55414, USA; 
ROBERT PHILLIPS, USDA-FSIS-OPHS-FERN, 
Russell Research Center, 950 College Station 
Road,Athens, GA 30604, USA; MARK TAMPLIN, 
University ofTasmania,Australian Food Safety 
Centre of Excellence,Tasmanian Institute of 
Agricultural Research, School of Agricultural 
Science, Private Bag 54, Hobart,Tasmania 700 I, 
Australia; ISABEL WALLS, USDA-FSIS, Office of 
Food Defense and Emergency Response, 1400 
Independence Ave., SW, Room 414, Aerospace 
Bldg., Washington, D.C. 20024, USA; SKIP 
SEWARD,Amerlcan Meat Institute, I 150 
Connecticut Ave., NW, 12th Floor, Washing
ton, D.C. 20036, USA 

Developing a national research plan for food 
defense requires cooperation among federal and state 
public health agencies, academia, and industry. Several 
large research programs have been initiated in support 
of food defense. This symposium will include 
presentations on food defense research in govern
ment and academia. Presenters will describe their 
research programs, project future research needs, and 
provide highlights of recent research discoveries. 
Select scientists will share development and validation 
of detection methods for high consequence microbes, 
toxins, and chemicals in food matrices. Rapid detec
tion of potential pathogens and toxins in the food 
system from pre farm inputs through final consump
tion represents a significant challenge due to the range 
of potential agents, the complex matrices in which 
they may be present and the environments where the 
testing needs to be conducted. Studies determining 
the viability/survivability of threat agents in food and 
accompanying models for pathogen risk management 
will also be presented. In addition, this symposium will 
provide information on how government and industry 

are using food defense research findings to inform 
their activities, including the development of counter
measures, such as guidance documents, testing for 
threat agents, tabletop exercises and training activities. 

S4 Outreach Programs to Promote Dairy 
Products and Their Safety around the 
World 
TBD; GABRIEL E. PASCUAL,Agency for 
Development of Export Markets,Washington, 
D.C. 20004, USA; LOCH RANE GARY, University 
of Florida Cooperative Extension, 507 Civic 
Center Drive,Wauchula, FL 33873, USA; 
GUISEPPE LICITRA, CORFILAC, S.P. 25 Ragusa 
Mare KM5, Ragusa, Sicily, 97100, Italy; ALOK 
JHA, Institute of Agricultural Sciences, Barnaras 
Hindu University, Varanasi, 221 005, lndia;TIM 
TAYLOR, University of Florida, Food and 
Resource Economics Dept., P.O. Box 0240, 
Gainesville, FL 3261 1-0240, USA 

In developed nations, advanced systems are 
in place to assure the safety of foods which move 
through global commerce.This is not the case in 
developing nations, where infant mortality, starvation 
and disease result from lack of availability of food. 
A variety of federal and private sector partnerships 
are working to assist and enhance dairy quality and 
safety in less industrialized regions of the world. 
Efforts around the globe are underway to reinterpret 
traditional practices, resulting in improved microbio
logical safety. Some of these efforts are utilizing 
sophisticated information technology to deliver 
scientific information on-site to remote locations 
around the globe.This symposium will showcase 
efforts underway in the Middle East, India and Africa 
which will enhance the biodiversity of traditional dairy 
foods while offering substantial public health protec
tion. This symposium will also remind us of the need 
to share our vast knowledge and resources with less 
fortunate societies to improve food safety for all. 

SS Measuring and Motivating Safe Food
handling Practices at Home, Retail and 
Food Service 
SHERYL C. CATES, RTI International, 3040 
Cornwallis Road, Research Triangle Park, NC 
27709, USA; CHRIS GRIFFITH, University of 
Wales lnsitute-Cardiff, Cardiff School of Health 
Sciences, Cardlff,Wales, UK; LYDIA MEDEIROS, 
The Ohio State University, Campbell Hall 331 A, 
1787 Neil Ave., Columbus, OH 43210, USA; 
BEN CHAPMAN, University of Guelph, Dept. of 
Plant Ag., Food Safety Network, Guelph, ON, 
NI G 2W I, Canada; FRANK YIANNAS, Walt 
Disney World Company, P.O. Box I 0000, Lake 
Buena Vista, FL 32830-1000, USA; TOBY 
A.TEN EYCK, Michigan State University, Dept. 
of Sociology and National Food Safety and 
Toxicology Center, 316 Berkey Hall, East 
Lansing, Ml 48824, USA 

One of the challenges in food safety is the 
dissimilarity between the food handlers' knowledge 
of a recommended risk-reduction step and actual 

Journal of Food Protection Supplement A - 64 
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practice. Differences between knowledge and 
practice can be found throughout the food production 
chain, from farm-to-fork. This symposium will provide 
the latest evidence-based information affecting the 
behavior of food handlers and preparation staff in 
retail, food service and home settings. Home food 
preparers are bombarded with sometimes Inconsis
tent food safety Information from a variety of sources 
thus providing a barrier to food safety risk communi
cators. The first portion of the symposium will center 
on exploring the factors that may contribute to 
differences between knowledge and practice in the 
home. Demographics, psychographics and task 
complexity impose challenges to the retail and food 
service sector with relation to food safety communi
cation and resulting practices.The second segment of 
the symposium will focus on strategies, interventions 
and compelling tools directed at this segment.The 
final segment of the symposium will concentrate on 
verification, evaluation and measurement of the 
efficacy of risk communication strategies on targeted 
groups. Methodologies that seek to verify appropriate 
execution of recommendations will be identified 
throughout the symposium.This discussion aims to 
help reduce the gaps between food safety science, 
social science and risk reduction strategies with front
line food handlers within the risk analysis paradigm. 

S6 Long-term Sequelae of Pathogens 
Transmitted by Food 
MARGUERITE A. NEILL, Memorial Hospital of 
Rhode Island, Div. of Infectious Diseases, 111 
Brewster St., Pawtucket, RI 02860, USA; BAN 
MISHU ALLOS,Vanderbilt School of Medicine, 
A 2200 MCN, Campus Zip 2582, I 161 21st Ave., 
Nashville,TN 37232, USA;JOHN M.TOWNES, 
Oregon Health & Science University, 3181 SW 
Sam Jackson Park Road, Portland, OR 97239-3098, 
USA;JOHN R. BRANDT, University of New 
Mexico, MSC IO 5590,Albuquerque, NM 87131-
000 I, USA; R. TANYA ROBERTS, USDA-ERS, 1800 
M St. NW, Washington, D.C. 20036-5831, USA 

Diarrhea Is often considered the form of clinical 
illness most associated with foodborne transmission 
of Infectious agents. However, some pathogens 
transmitted by food can cause non-diarrheal illness, 
and some Infectious diarrheal illnesses can have long
term sequelae, often of a non-enterlc nature. Recent 
assessments of the burden of food borne disease in 
the United States have focused on acute illness to 
measure morbidity, mortality and lost productivity. 
Less is known about the disease burden of post
Infectious complications in defined populations.This 
symposium will provide an overview of long-term 
sequelae associated with recognized foodborne 
pathogens including Campylobacter, Escherichia coli 
0 I 57:H7 and Salmonella. The possible association of 
foodborne infection with inflammatory bowel disease 
will be reviewed. For the most common bacterial 
foodborne pathogens, the economic costs of their 
long term sequelae will be discussed and compared to 
the costs of acute illness. The aim of the symposium 
is to provide a more complete perspective on the 
burden of foodborne disease in order to Improve 
analyses of prevention efforts. 

6S - Journal of Food Protection Supplement A 

S7 The DaVinci Code of Auditing: Reaching 
the Holy Grail of One Global Standard 

DUANE BURAU, 343 Somerset Drive, 
Grayslake, IL 60030, USA; BRUCE BECKER, 
Food Products Association, 1350 I St. NW, 
Washington, D.C. 20005, USA; CINDY JIANG, 
McDonald's Corporation, Kroc Drive, Oak 
Brook, IL 60523, USA;JAIME LASTRA,Wal-Mart 
Stores, Inc., 702 Southwest 8th St., Bentonville, 
AR 72716, USA; TOM CHESTNUT, NSF, 789 N. 
Dixboro Road,Ann Arbor, Ml 48105, USA; PAUL 
RYAN, FMI, 2345 Crystal Drive, Suite 800, 
Arlington,VA 22202, USA; LOUISE FIELDING, 
University of Wales Institute, Cardiff, Cardiff 
School of Health Sciences, Cardiff, Wales, 
CF52YB, UK 

Most food processors today are faced with 
undergoing a seemingly unending series of food safety 
audits - from direct customers, brokers, retailers, and 
foodservice clients. These audits can take the form of 
independent third party audits, specific client audits, 
and contractor audits. A single client may even 
request more than one type of audit at the same 
facility. Why Is this? Is it possible to reach the elusive 
"Holy Grail" of one global food safety audit standard 
for food processing facilities? This symposium will 
explore that question from several perspectives. 
Having performed a number of audits for different 
clients, an independent contractor will present the 
differences and similarities between them, and give 
an opinion as to the potential of reaching a single 
harmonized standard. Progress on the acceptance 
of FPA SAFE audits will be discussed, as these were 
designed to be the single standard for food safety 
audits. Various other perspectives on harmonization 
and standardization of audits will also be presented 
by representatives from the retail and foodservlce 
sectors, the Food Safety Leadership Council, SQF, and 
the British Retail Consortium. Having one single 
harmonized global food safety audit standard may not 
be as unreachable as we think, and may even easier to 
find than the Grail. 

S8 Recent Pivotal Decisions of the National 
Conference on Interstate Milk Shipments 

JOHN MILLER, Florida Dept. of Agriculture 
and Consumer Services, 3 125 Conner Blvd., 
Tallahassee, FL 32399-1650, USA; CLAUDIA 
COLES,Washington Dept. of Agriculture, Food 
Safety Program, 1111 Washington St., P.O. Box 
42560, Olympia, WA 98504-2560, USA; SUSAN 
ESSER, Michigan Dept. of Agriculture, P.O. Box 
30017, Lansing, Ml 30017, USA; KATHY 
GOMBAS, Dean Foods East, 124 Grove St., Ste. 
I 00, Franklin, MA 02038, USA; CRAIG NELSON, 
Vigilistics, Inc., 23361 Madero Drive, Suite I 00, 
Mission Viejo, CA 92691, USA; STEVEN SIMS, 
FDA, 5100 Paint Branch Pkwy., HFS-626, College 
Park, MD 20740, USA 

The National Conference on Interstate Milk 
Shipments (NCIMS) and their Grade A milk safety 
program as practiced in all 50 States and Puerto 
Rico has kept Grade A milk and milk products safe for 
over 50 years. The struggle to fulfill their mission to 
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provide "The Safest Milk Supply for All the People" 
continues. Recently the NCIMS has made precedent 
setting pivotal decisions that are broad In scope with 
potential impact on and information for food reg
ulation far beyond the dairy Industry. This symposium 
is about some of those decisions.Topics will include: 
The NCIMS and their decision making processes.This 
presentation is Intended to provide a context for the 
other presenters.The ongoing international pilot pro
gram for the inspection and IMS rating of milk plants 
and farm groups outside of the United States.This 
presentation will be given by a State milk safety 
regulator, either the Co-chair of this NCIMS Comm
ittee, or by one of the most active of the group 
members and may provide insight into the impact 
of, and one NCIMS response to, international trade 
agreements. How grade A aseptic milk will be regu
lated has been a subject of significant controversy 
over the last four years.This presentation will explore 
that controversy and the solution passed by the May 
2007 NCIMS.The NCIMS HACCP Program Hazard 
Gulde and the "pop-up" audit report forms are 
practical HACCP innovations that may be useful well 
beyond NCIMS Dairy HACCP. Paperless computer 
gathering, storage and reporting of critical pasteuriza
tion safeguard monitoring, raw milk storage and 
equipment cleaning. Other NCIMS Actions that may 
be critical.This presentation will cover other pivotal 
decisions of the May 2007 NCIMS that were not (and 
can not) be anticipated at the time of the writing of 
this proposal. 

S9 What's the Future of Foodborne Patho
gen Detection? 

LEE-ANN JAYKUS, North Carolina State 
University, 339D Schaub Hall, Box 7624, 
Raleigh, NC 27695-7624, USA; NIGEL COOK, 
Central Science Laboratory, Sand Hutton, 
York,YO41 ILZ,UK;SABAH BIDAWID, 
Health Canada, Sir F. G. Banting Research 
Center, Room 8, PL #2204A2, 251 Promenade 
Sir Frederick Banting Driveway, Tunney's 
Pasture, Ottawa, ON, KI A 0K9, Canada; 
OMARA. OYARZABAL,Auburn University, 
30 I B Poultry Science Bldg., 260 Lem Morrison 
Drive,Auburn, AL 36849-5416, USA; GEORGE 
PAOLI, USDA-ARS-NAA-ERRC, Microbial 
Biophysics and Core Technologies Research 
Unit, 600 E. Mermaid Lane, Wyndmoor, PA 
19038-8598, USA;JONG WOOK HONG, 
Auburn University, Dept. of Mechanical 
Engineering, 275 Wilmore Laboratories, 
Auburn, AL 36849, USA 

The trend continues toward the use of more 
sensitive and rapid screening methods for the pre
sence of foodborne pathogens in foods. The possibility 
of performing pathogen testing on-site, in food
processing facilities, has positive financial Implication 
for the industry. Real time PCR is sensitive enough to 
enable quantltation of RNA from a single cell. Micro
arrays are useful when one wants to survey a large 
number of genes quickly or when the sample to be 

studied is small. Biosensors, which refer to chemical 
sensors in which the recognition element Is a bio
chemical recognition system, bring unique opport
unities to the area of rapid detection of foodborne 
pathogens.The combination of a short to no-sample 
preparation, a short enrichment procedure {If any at 
all), high throughput and a short time for the availabil
ity of the results make biosensors interesting cand
idates for the development of new platforms In the 
area of food safety.The complex nature of many 
sample matrices as well as the presence of particulate 
matter in samples may hinder the sensitivity and 
specificity of new detection systems, especially those 
that rely on immunochemical or nucleic acid tech
nologies. In addition, regulatory agencies considered 
the results from these tests presumptive, and require 
that the organism be isolated as proof of contamina
tion. The objective of the proposed symposium is to 
Introduce some of the cutting-edge research in the 
area of new detection technology of food borne 
pathogens Including viruses to the different IAFP 
audiences. The limitations of these technologies and 
the promises that they can deliver in the context of 
food microbiology will be discussed in the presenta
tions. 

SI O The Impact of Emerging Food Trends 
on Food Safety 

CHRISTINE M. BRUHN, University of Califor
nia-Davis, Dept. of Food Science and Tech., 
I Shields Ave., Davis, CA 95616-8598, USA; 
PIETER BREEUWER, Nestle Product Technology 
Center-Konolfingen, Nestle Strasse, Konolfingen, 
CH-3510, Switzerland; JOSEPH D. MEYER, Kraft 
Foods-Oscar Mayer, 910 Mayer Ave., Mad is ion, WI 
52704-4256, USA; DOUGLAS A. POWELL, 
Kansas State University, College of Veterinary 
Medicine, 221 K Mosier Hall, Manhattan, KS 
66506-5705, USA; MARTIN COLE, Illinois 
Institute ofTechnology, National Center for 
Food Safety and Technology, 6502 S. Archer 
Road, Summit-Argo, IL 6050 I, USA; SARA 
E. MORTIMORE, General Mills, Inc., Global 
Sourcing Development, I General Mills Blvd., 
W048, Minneapolis, MN 55426, USA 

Over recent years, the increased diversity of the 
population, along with changing consumer expecta
tions for culinary variety, access to seasonal fresh 
foods year-round, and the desire for more simplistic, 
healthful food choices, has created new and unique 
challenges for food safety professionals.The sympo
sium will begin with an overview of these emerging 
food trends from a consumer perspective.The 
remainder of the symposium will focus on the food 
safety implications of these trends with emphasis given 
to an increasing demand for natural ingredients and 
foods, the growth of organic offerings, probiotics, 
preferences for diverse, exotic, fresh foods, and the 
issues and strategies they have prompted within the 
food industry. The impact of food manufacturing using 
minimal and non-traditional processing methods to 
meet consumer expectations will also be examined. 

Journal of Food Protection Supplement A - 66 
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SI I Food Allergies: A Growing Food Safety 
Concern 
ANNE MUNOZ-FURLONG,The Food Allergy 
&Anaphylaxis Network, I 1781 Lee Jackson Hwy., 
Suite 160, Fairfax,VA 22033, USA; ELIZABETH L. 
HARDEN, FDA, CFSAN, HarveyW.Wiley 
Federal Bldg., 5100 Paint Branch Pkwy., HFS-600, 
College Park, MD 20740-3835, USA; LINDA 
GILARDI, Compass Group, The Americas, 2400 
Yorkmont Road, Charlotte, NC 28217, USA; 
DAN SKRYPEC, Kraft Foods, Inc., 80 I 
Waukegan Road, Glenview, IL 60025, USA; 
TRACEY D. SHEEHAN, Sara Lee Corporation, 
3500 Lacey Drive, Downers Grove, IL 60515, 
USA; LARRY KOHL,Walt Disney World 
Company, P.O. Box I 0000, Lake Buena Vista, FL 
32830-1000, USA; PAUL MARRA,Wegmans 
Food Markets, Inc., 1500 Brooks Ave., Box 
30844, Rochester, NY 14603, USA; TOM 
TRAUTMAN, General Mills, One General Mills 
Blvd., Minneapolis, MN 55426, USA; MARTIN J. 
HAHN, Hogan & Hartson, L.L.P., 555 13th St. 
NW, Washington, D.C. 20004, USA 

An estimated 12 million Americans suffer from 
food allergies, an immune-system response to a food 
protein. Food allergy is continuing to increase and has 
become a food safety and public health concern 
resulting in 30,000 emergency room visits and 150-
200 deaths each year. This symposium will include 
an update on recent research providing prevalence, 
fatality, research for a cure, consumer allergen labeling 
behavior and causes of reactions.A speaker from the 
Food and Drug Administration (FDA) will give an 
update on regulations from the US Food Code and 
state regulatory activity. This will also include 
information on results from the recent FDA Food 
Allergen Labeling Study.The symposium will provide 
insight to the impact of food allergies on the retail 
food industry. A retail food industry representative 
will discuss trends In the market place regarding 
consumer queries and expectations and share 
strategies for accommodating food allergic consumers 
and conveying allergen information in a restaurant 
setting. A packaged food industry representative will 
talk about trends in the packaged food industry 
including consumer calls, consumer behavior when 
allergens are added to a product and changes In 
formulations to accommodate allergens. Representa
tives from each industry will address best practices 
and what they are doing for managing allergens 
including test kits, education and training, signage at 
point of purchase and cooperative programs with non 
profits.A corporate lawyer specializing in food law will 
talk about compliance with statutes, regulations and 
guidance documents and provide insight into the most 
common causes of product liability cases for manufac
turers and retail food service. 
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S 12 The Wrath ofVibrio,s "Past, Present 
and Future0 

ANITA WRIGHT, University of Florida, Bldg. 
475 Newell Drive, Gainesville, FL 32611, USA; 
FELIPE CABELLO, University of Chile, 
Vicerrectoria Asuntos Academicos, lnstituto 
de Nutrlcion y Technologia de los Alimentos, 
Laboratorio de Biotechologia,Avda. Macul 
#5540, Santiago, Chile; LILIANA RODRIGUEZ
MAYNES, Canada Food Inspection Agency, 4321 
Still Creek Drive, Floor 4, Room 400, Burnaby, 
BC,V5C 6S7,Canada; HAJIMETOYOFUKU, 
National Institute of Health Sciences, Division of 
Safety Information on Drug, Food, and Chemi
cals 1-18-1 KamiyoGA Setagaya-Ku, Tokyo 158-
850 I, Japan; ANGELO DEPAOLA, FDA Gulf 
Coast Seafood Laboratory, P.O. Box 158, I 
Iberville Drive, Dauphin lsland,AL 36528, USA; 
JOHN SUPAN, Louisiana State University, 
Louisiana Sea Grant College Program, 227C Sea 
Grant Bldg., Baton Rouge, LA 70803, USA 

Every year during the summer months illness 
associated with consumption of contaminated oysters 
are constantly making headlines.There Is a need to 
understand how these outbreaks occur and what can 
be done to prevent them. This symposium will 
address the recent outbreaks of Vibrio parahaemoly
ticus, both nationally and internationally, what 
environmental factors have contribute to the increase 
in the population of these pathogens and what can be 
done to prevent outbreaks in the future.Additionally, 
what post-harvest remediation may lesson the risk 
assoc-iated with aquatic pathogens will be addressed. 
The participants will get an overview of the regula
tions associated with vlbrios in shellfish and what new 
strategies are being developed to control vibrios in 
seafood.0 Regulatory requirement in closing marine 
shellfish harvest areas are complex and inconsistent 
from state to state and internationally. This symposium 
will also cover topics associated with the mandatory 
closing of estuaries and halting harvesting shellfish. 
The strategies to ·open the affected waters to assure 
health safety and regulations surrounding the closing 
and opening will be presented. 
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S 13 Pre-harvest Food Safety:Another Critical 
Consideration for Assuring the Safety of 
the Food Supply 
MARYE.TORRENCE, USDA-CSREES, 1400 
Independence Ave. SW,Ag Box 2220,Washing
ton, D.C. 20250, USA; WILLIAM M. SISCHO, 
Washington State University, Food and Water
borne Disease Research Unit, College of 
Veterinary Medicine, Pullman,WA 99164, USA; 
JOHN J. MAURER, University of Georgia, 953 
College Station Road,Athens, GA 30602, USA; 
ROBERT MANDRELL, USDA-ARS-WRRC, 
Produce Safety and Microbiology Research 
Unit, 800 Buchanan St.,Albany, CA 94710, USA; 
LEE-ANN JAYKUS, North Carolina State 
University, 339D Schaub Hall, Box 7624, Raleigh, 
NC 27695-7624, USA; H. MORGAN SCOTT, 
Texas A&M University, Dept. of Veterinary 
Integrative Biosciences, College of Veterinary 
Medicine and Biomedical Sciences, College 
Station, TX 77843-4458, USA 

Over recent years, food safety professionals have 
increasingly referred to three major phases of the 
farm-to-fork continuum, i.e., pre-harvest (on farm), 
post-harvest (at processing and in distribution), and 
retail/home. A large proportion of the food safety 
regulations that have been promulgated In the last 
several decades have a specific focus on the second or 
post-harvest phase. Nonetheless, many foodborne 
pathogens enter the food supply during pre-harvest 
or production stages. This pre-harvest phase is 
sometime overlooked, but nonetheless, there are a 
large number of researchers who are engaged in pre
harvest food safety research, addressing Issues such 
as tracking foodborne pathogens on the farm; under
standing microbial diversity and evolution; elucidating 
mechanisms of antibiotic resistance and its transfer; 
and designing mitigation strategies to prevent or 
reduce pathogen contamination at the farm level. 
Many pre-harvest projects are large, multi-disciplinary 
endeavors that capitalize on the skills of microbiolo
gists, epidemiologists, and veterinarians, with the 
cooperation of the production agriculture sector. This 
symposium provides the attendee with an introduc
tion to the many concerns related to pre-harvest food 
safety and highlights recent efforts In pre-harvest food 
safety research. As with post-harvest and retail/ 
consumer initiatives, pre-harvest efforts also seek to 
reduce foodborne disease and improve public health 
as a consequence of preventing contamination with 
foodborne pathogens. Educating food safety profes
sionals about on-farm issues will provide a forum 
whereby all three sectors of the farm-to-fork 
continuum can come together In an effort to solve 
significant and complex food safety problems. 

S 14 Critical Issues in the Investigation of 
Outbreaks of Foodborne Illness Involving 
Food Workers 
EWEN TODD, Michigan State University, Food 
Safety Policy Center, 165 NFST Bldg., East 
Lansing, Ml 48824, USA; BARRY MICHAELS,The 
B. Michaels Group, Palatka, FL 32177, USA; 
DAVID GIFFORD,Washington State Dept. of 
Health, P.O. Box 47825, Olympia,WA 98504-
7825, USA;AGNESTAN, Melbourne University, 
Dept. of Microbiology and Immunology, 
Melbourne,Victoria, 30 I 0, Australia; SHIRLEY 
B. BOHM, FDA-CFSAN, Retail Food Protection, 
5100 Paint Branch Pkwy., HFS-627, College Park, 
MD 20740, USA; CHRIS GRIFFITH, University of 
Wales Institute-Cardiff, Llandaff Carnpus,Westen 
Ave.,Cardiff, South Wales, CFS 2YB, UK; RICH
ARD SPRENGER, Highfield.co.uk,Vue Point, 
Spinney Hill, Sprotborough, Doncaster, S. 
Yorkshire, DNS 7LY, UK 

The Committee on the Control of Foodborne 
Illness has, over the past three years, been working 
on a global analysis of the Implication of infections 
of food workers and how their handling practices 
contribute to foodborne illness outbreaks. The 
purpose of this symposium is to discuss the role 
of the food worker and how well outbreaks are 
investigated.An extensive analysis of the worldwide 
literature Indicates there are several key issues for 
workers, e.g., pathogen, food involved, carrier status 
and handling practices. Practically every outbreak 
Investigated has one or more food worker errors. 
There will be a presentation on the ones where 
infected workers contribute to illnesses, and how they 
are characterized and controlled.The methods and 
extent to which outbreaks are Investigated may vary 
considerably. The UK and US approaches to outbreak 
Investigation are compared at the national and state 
level. Outbreak investigations involve a range of 
agencies and interested parties. While having a 
common public health goal, they may have competing 
priorities. Communication during an outbreak is one 
example where tensions can occur, especially in high 
profile cases involving the media. Another key issue is 
the correct sampling, testing, transport and laboratory 
procedures for the human and food specimens for 
outbreak management and for any ensuing legal 
proceedings. Following an outbreak a business may 
face a number of legal challenges and claims. Problems 
can occur if the business has ceased operations, and 
one example of a E.coli outbreak is discussed. A 
scientific, audit based approach to overcome this is 
described using case study material. This symposium 
should be of interest to anyone working In the food 
industry or enforcement. 
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S 15 Balancing Cultural and Religious Norms 
and Food Safety 

JOE REGENSTEIN, Cornell University, Dept. of 
Food Science, I 16 Stocking Hall, Ithaca, NY 
14853-720 I, USA; SYED RASHEEDUDDIN 
AHMED, Muslim Consumer Group, P.O. Box 
8538, Rolling Meadows, IL 60008, USA; GIHAN 
ELGINDY,Transcultural Education Center, P.O. 
Box 3292, McLean,VA 22103, USA; KIMBERLY 
LIVSEY, FDA-ORA-Southeast Region, 60 Eighth 
St., NE, Room 209, HFR-SE 14,Atlanta, GA 
30309, USA; CINDY JARDINE, University of 
Alberta, 551 General Services, Edmonton, AB, 
T6G 2H I, Canada 

This symposium is intended to identify food 
preparation and consumption guidelines and require
ments of the various cultural/religious groups 
including Jewish Kosher, Muslim Halal and Hindu food 
laws, as well as their origin. This Information will be 
analyzed and compared to common food safety 
harvesting, processing, packaging, and final preparation 
laws and regulations in the Western World. The 
purpose is to determine If there are similarities and 
conflicts between these cultural/religious food 
requirements of certain populations and governmen
tally enforced food safety laws and regulations. Once 
the speakers have identified the similarities and 
conflicts between cultural/religious food requirements 
and governmental food safety requirements, a dialogue 
can begin to propose solutions to any conflicts or 
differences in order to reduce or remove regulatory 
challenges by governmental field inspectors and 
negative impacts on various cultural/religious groups. 

S 16 Microbial Biofilms and Biofilm Control 

ETHAN B. SOLOMON, DuPont Chemical 
Solutions Enterprise, P.O. Box 80402, 
Wilmington, DE 19880, USA; AMY C. LEE 
WONG, University of Wisconsin-Madison, 1925 
Willow Drive, Madison,WI 53706-1187, USA; 
BASSAM A.AN NOUS, USDA-ARS-ERRC, Food 
Safety Intervention Technologies Research Unit, 
600 E. Mermaid Lane,Wyndmoor, PA 19038, 
USA; DONALDW. SCHAFFNER, Rutgers 
University, The State University of New Jersey, 
Food Risk Analysis Initiative, 65 Dudley Road, 
New Brunswick, NJ 08901-8520, USA; 
MICHAEL P. DOYLE, University of Georgia, 
Center for Food Safety, Griffin, GA 30223-1797, 
USA; DALE A. GRINSTEAD,Johnson Dlversey, 
8310 16th St., P.O. Box 902, Sturtevant, WI 
53177-0902, USA 

A blofilm is generally defined as an assemblage of 
bacterial cells adherent to each other and to an Inert 
or living surface, and are enclosed in a protective layer 
of self-produced exopolymers. Bacterial cells within a 
biofilm present in the food handling environment or 
on food products were shown to be resistant to 
Inactivation by cleaners, sanitizers, and disinfectants. 
This symposium will discuss the nature of blofilm 
formation in general and the effects that growth in a 
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biofilm can have on bacterial cells. The presence of 
biofilms on food handling and processing equipment 
will also be discussed as will biofilms that can be found 
growing directly on food, especially fresh produce. 
Since, pathogenic microorganisms can form biofilms in 
food handling environments, it is important to control 
these biofilms. Ways to remove biofilms will be 
discussed including traditional cleaners, tools, and 
mechanical means to eliminate microbial communities. 
Also, non-traditional methods for controlling biofilms; 
including competitive exclusion, will be discussed. The 
final discussion will cover techniques to measure and 
manage biofilm control in food handling settings. 

S 17 Lettuce and Leafy Greens: lssues,Actions, 
and Opportunities 

THAI-AN NGUYEN, CDC, Epidemiology 
Branch, Div. of Foodborne, Bacterial and 
Mycotlc Diseases, National Center for 
Zoonotic,Vectorborne, and Enterlc Diseases, 
Mailstop A-38,Atlanta, GA 30333, USA; MAHA 
HAJMEER, California Dept. of Health Services, 
Emergency Response Unit, Food and Drug 
Branch, 1500 Capitol Ave., P.O. Box 997435, MS-
7602, Sacramento, CA 95899-7435, USA; DAVID 
E. GOMBAS, United Fresh Produce Association, 
190 I Pennsylvania Ave. NW, Suite 1100,Wash
lngton, D.C. 20006, USA; CHUCK GERBA, 
University of Arizona, College of Agricultural 
Life Sciences, Bldg. 90,Tucson,AZ 85721-0038, 
USA; RUTH L. PETRAN, Ecolab Inc., 655 Lone 
Oak Drive, Eagan, MN 55121, USA; SHIRLEY B. 
BOHM, FDA-CFSAN, 5100 Paint Branch Pkwy., 
College Park, MD 20740 USA 

Lettuce and leafy greens products have been 
epidemiologically linked to numerous multi-state E.coli 
0 I 57:H7 foodborne Illness outbreaks In the last 
decade. In the fall of 2006 foodborne illnesses 
associated with consumption of spinach and shredded 
lettuce captured nationwide consumer, industry, media 
and regulatory attention. These outbreaks associated 
with consumption of lettuce and leafy greens products 
were a watershed moment In the public debate 
regarding how best to assure the safety of fresh 
lettuce and leafy greens products as well as all fresh 
produce. This symposium will review CDC epidemio
logical data as well as FDA foodborne Illness outbreak 
investigation findings regarding these food borne 
illness outbreaks. Industry actions that have been sub
sequently implemented to enhance the safety of 
lettuce and leafy greens production, processing, distri
bution and retailing will also be discussed. In addition, 
alternative approaches to assuring the safety of fresh 
and fresh-cut lettuce and leafy greens products will be 
discussed In relation to the role that time/tempera
ture for safety plays as well as microbial testing. 
Produce food safety research priorities will also be 
discussed In light of the information presented. 
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S 18 Preparing Scientists for the Legal Aspects 
of a Crisis: Step into an Interactive Mock 
Trial and Learn How to Become an 
Expert Witness 
DONNA GARREN, National Restaurant 
Association, 1200 17th St. NW, Washington, 
D.C. 20036, USA; DAVID E. ERNEST, Bullivant, 
Houser, Bailey,Attorneys at Law, 888 S.W. Fifth 
Ave., Suite 300, Portland, OR 97204-2089, USA; 
TONI HOFER, Raley's & Bel Air, 500 W. Capitol 
Ave.,West Sacramento, CA 35605, USA;TBD 

Understanding the science behind the crisis Is 
only the first step in becoming an expert witness in a 
foodborne illness trial. Preparing to testify can be a 
crisis in itself, if you're not prepared. This interactive 
symposium will teach attendees how to give credible 
answers and project a positive professional image as 
an expert witness in a court case. Guidance from 
professional attorneys and scientists during a mock 
trial will demonstrate the proper tips and techniques 
for you to use when giving a deposition or testimony. 
This hands-on approach will highlight the importance 
of presenting accurate Information while using the 
right language.After the mock trial scientists - from 
all industry segments - and lawyers will participate in 
a round table discussion, share personal experiences 
and answer questions from the attendees. 

Learn how to ... 
Handle difficult questions 
Present Information relating to preventing a 
foodborne crisis from occurring 
Discuss the benefits of a food safety training 
program 
Develop key phrases and priority messages 
relating to foodborne illness crisis 
Be confident and prepared 

S 19 Applications of "omics" Technologies for 
Food Safety and Security 
BART WEIMER, Utah State University, 4700 Old 
Main Hill, Logan, UT 84322-4700, USA; AN
DREW K. BENSON, Univesity of Nebraska
Lincoln, Dept. of Food Science and Technology, 
330 Food Industry Complex, Lincoln, NE 68583-
0919, USA; AVRAHAM RASOOLY, NIH-NCI 
and FDA-CDRH, 6130 Executive Blvd., Room 
6035, Rockville, MD 20852, USA; SOPHIA 
KATHARIOU, North Carolina State University, 
Dept. of Food Science, Campus Box 7624, 
Schaub Hall, Room 322A, Raleigh, NC 27695-
7624, USA; F. CHRIS MINION, Iowa State 
University, Dept. of Veterinary Microbiology and 
Preventive Medicine, I I 30Veterlnary Medicine, 
Ames, IA 500 I 1-1240, USA; DARRELL 0. 
BAYLES, USDA-ARS, National Animal Disease 
Center, 2300 Dayton Road, Ames, IA 500 I 0, USA 

Food safety and food security are important 
global Issues. Research employing "omics" technolo
gies, including genomics, proteomics, and metabolo
mics, is helping to elucidate pathogen behavior at the 
molecular level and to develop better detection and 

typing systems. "0mics" -based tools enable research
ers to explore complex biological processes In a 
quantitative and Integrative manner via a systems 
biology approach.These methods of analysis are 
helping to Identify genes that are potential targets for· 
interventions, genes that play a role In pathogenesis, 
and genes that are responsible for specific survival and 
virulence characteristics. The availability of completely 
sequenced genomes of food borne pathogens has 
made possible the analysis of these genomes solely 
using computational methods. Mlcroarray-based 
comparative genomics research, which takes advan
tage of information available from whole genome 
sequences, is leading to an increased understanding 
of the evolution and pathogenesis of foodborne 
pathogens and is providing critical information for the 
development of improved detection and genotyping 
methods, as well as for Intervention strategies for the 
control of foodborne pathogens. Used as diagnostic 
tools, DNA micro-arrays offer the capability to detect 
a broad spectrum of pathogens simultaneously in a 
relatively short period of time and can be used in 
instances of possible bioterrorism. Techniques that fall 
within the category of either proteomics or protein 
arrays are used for global analysis of cellular protein 
output under different conditions, including those in 
food environments. The integration of both genetic
and protein-based analyses provides a more compre
hensive view of cellular activities.Thus, the application 
of"omics" technologies will play an important role in 
understanding how pathogens survive food safety 
barriers and interact with host species and will 
ultimately give rise to better tools for control. 

S20 Food Safety @ the Speed of Thought -
CreatingVirtual Networks 
Nutcracker 3 

Organizers: Gary Acuff and FrankYiannas 
Convenors: Gary Acuff and FrankYiannas 
Presenters to be determined 

Food safety awareness is at an all time high and 
new and emerging threats to the global food supply 
are being recognized.Achieving food safety success in 
this changing environment requires going beyond 
traditional approaches to food safety. It requires 
greater collaboration than ever before. 

In today's modern environment, with increased 
disbursement of team members - whether globally 
or domestically - it has become more critical than 
ever to leverage certain forms of technology in order 
to collaborate on ideas, documents, and decision
making across distance. In addition to understanding 
the technology tools available, research shows that 
about 50% of virtual teams fail to attain their goals, 
because of difficulties related to building trusting, 
positive relationships across the boundaries of 
geography, time zones and cultural differences. 

By attending this session you'll hear firsthand 
from Information Technology experts about techno
logical tools available to create virtual teams as well 
as tips on how to use these tools to enhance your 
ability to communicate with colleagues across 
distance. 
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S2 I Spoilage and Its Control in Meat Products 

ROBIN KALINOWSKI, NCFST, 6502 South 

Archer Road, Summit-Argo, IL 6050 I, USA; 

RICHARD HOLLEY, University of Manitoba, 

Dept. of Food Science,Winnipeg, MB, R3T 2N2, 

Canada; DARREN CORNFORTH, Utah State 

University, 8700 Old Main Hill, Logan, UT 84322, 

USA;JEFF KORNACKI, Kornacki Microbiology 

Solutions, LLC, 6308 Mourning Dove Drive, 

McFarland,WI 53558, USA 

The meat industry is one of the largest segments 
of the food processing industry that continues to deal 
with the issue of meat spoilage as an economic loss. 
The spoilage of meat is dependent on the nature of 
the product and handling of the product from pro
duction, through the chill chain, to the consumer. 
Approaches to control spoilage of meat and meat 
products can range from good manufacturing 
practices and chill chain management to the applica
tion of novel antimicrobials.This symposium will 
address microbiological and non-microbial spoilage 
of meats and will include examples of case studies 
in troubleshooting and control of microbiological 
spoilage of meats. 

S22 Mitigating Spoilage Risks in Ready-to
Drink Beverages 

SEAN LEIGHTON,The Coca-Cola Company, 

One Coca-Cola Plaza, 409A USA,Atlanta, GA 

30313, USA; TIM GUTZMANN, Ecolab Inc., 

Research Center, 655 Lone Oak Drive ESC-F52, 

Eagan, MN 55121, USA; CATHY MOIR, Food 

Science Australia, P.O. Box 52, North Ryde, 

NSVV, 1670,Australia; KEIICHI GOTO, Mitsui 

Norin Co. Ltd., Food Research Laboratories, 

223-1, Miyahara, Fujieda, Shizuoka, 426-0133, 

Japan; HISATO IKEMOTO, Suntory Ltd., Bev

erage and Food Division, 57, lmaikaml-cho, 

Nakahara-ku, Kawasaki, Kanagawa, 21 1-0067, 

Japan 

Ready-to-Drink (RTD) beverages are those that 
need no preparation by the consumer. Even if chilled 
products are excluded from this category, we are still 
left with a continually expanding array of products -
from traditional carbonated drinks to shelf-stable juice 
products, bottled water, "near water" /flavored water 
products, health and sports drinks, energy drinks, and 
an extensive range of tea and coffee drinks. Each of 
these relies on some form of antimicrobial treatment 
to provide shelf stability and safety - whether by 
physical processes, such as heat, carbonation, micro
filtration UV or ozonation or by hurdles such as pH, 
sugars, potassium sorbate or similar. With new 
products entering the market, using ingredients from 
various and sometimes novel sources, we can expect 
new challenges for product formulators, process 
engineers and microbiologists.The spoilage microor
ganisms we thought we had to control have increased 
in number as the categories of RTDs and ingredients 
broaden - from conventional yeasts, molds and lactics, 
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our attention moved to G/uconobacter, Acetobaeter, 
Byssochlamys and other heat-resistant molds, preserva
tive munching Zygosaccharomyces baifii, to alicyclobacilli 
and even more recently to sporolactobacllli -
microorganisms that were not known to exist when 
many shelf-stable technologies were developed. This 
symposium on RTD beverages will provide an update 
on some of the spoilage microorganisms, their 
sources, their detection from the myriad of other 
microbes present in many raws and process environ
ments, designing challenge studies that show how 
robust our products are, using plant sanitation and 
equipment design, all helping to mitigate the risks of 
microbial spoilage. 

S23 Emerging Issues Affecting Dairy Product 
Quality and Safety 

MARIANNE SMUKOWSKl,Wisconsin Center 

for Dairy Research, Babcock Hall, 1605 Linden 

Drive, Madison,WI 53706, USA; KATHRYN J. 

BOOR, Cornell University, Food Science Dept., 

41 3 Stocking Hall, Ithaca, NY 14853, USA; 

KRISTEN DIXON, Chestnut Labs, 3233 E. 

Chestnut Expressway, Springfield, MO 65802, 

USA;JOHN LARKIN, FDA, 6502 S.Archer Road, 

Summit-Argo, IL 6050 I, USA 

This symposium will educate attendees on 
scientific studies and regulatory activities that are 
currently Impacting food safety and quality of dairy 
products. Available information on the bacterial 
pathogen growth, stasis and death in cheeses that 
assists in determining what storage temperatures are 
necessary to maintain product safety will be reviewed. 
Research revealed that the inherent characteristics 
of most cheeses create a hostile environment for 
bacterial pathogens, especially at elevated ripening 
and storage temperatures. The second presentation 
will cover HTST fluid milk spoilage profiles, response 
of psychrotolerant endospore-forming bacteria to 
processing temperatures and sources of these 
microbes in milk processing systems. The presence 
of Bacillus and Paenibacillus spp. in HTST pasteurized 
fluid milk has emerged as a key hurdle in extending 
product shelf lives beyond 14 days. Recent collabora
tive work completed on a quantitative method for the 
rapid detection of organisms in several dairy products 
will be covered In the third presentation. The TEMPO 
system utilizes a 16 tube MPN test and can signifi
cantly decrease the time for test results compared 
to the traditional MPN test. Block and shred cheeses, 
milk powders and cheese seasonings were compared 
to the traditional plate count and MPN tests to 
evaluate reproducibility, repeatability and labor savings. 
The final presentation will be on the regulatory 
perspective of past pasteurization requirements 
and current pasteurization technologies. Information 
will be presented on the National NACMCF definition 
of pasteurization and how the FDA is addressing 
the NACMCF recommendation. The concept of risk 
assessment will also be included. 
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Interactive Session: A Mystery Outbreak 
-What to Do When It Happens to You! 

Representatives from: 

CDC 
Central Florida Chapter of the American Red Cross 
FBI - Florida Branch 
FDA, Southeast Regional Office 
FDA-Emergency Coordination and Response Team 

at CFSAN 
Florida Dept. of Agriculture and Consumer Services 
Florida Dept. of Health, Bureau of Community 

Environmental Health 
Florida Division of Emergency Management 
Florida Hospital Association, Health Care Research 

and Information Services 
Office of Richard T. Crotty, Mayor, Orlando, Florida 
Orange County Florida EMS, Office of the Medical 

Director 
Orange County Florida Fire Rescue 
Orange County Florida Health Department 
Orange County Florida Sheriff's Office 
Sanitation and Safety Inspections, Dept. of Business 

and Professional Regulations, Division of Hotels and 
Restaurants 

University of Florida, Center for Food Distribution 
and Retailing 

To present, in an informational, up-to-date 
scenario, the depiction of a mysterious outbreak that 
occurs at an imaginary resort, that uses a real-time, 
fresh and interactive format.The purpose is for IAFP 
members to participate from, see from, think from and 
act from a different perspective than is their common, 
day-to-day role in the matter of food safety and food 
security. We want to promote cross-disciplinary 
thinking.We will offer fresh perspectives from expert
in-field speakers who are responsible, on a dally basis, 
for the response to the presence of an outbreak. 
Ultimately, the goal Is to provide IAFP members with 
a real-life circumstance that they interact with and 
witness how an outbreak occurs. We intend the 
participants go back to their respective positions 
with a new found appreciation for what they contri
bute to the world of food safety and security. 

Special Interest Session: Salmonella 
Growth, Persistence and Survival 
in Low-moisture Foods and Their 
Environments-Strategies for Control 

Nutcracker 3 

ROY BETTS, Campden & Chorleywood Food 

Research Association, Chipping Campden, 

Gloucestershire, GL55 6LD, UK; ANN MARIE 

MCNAMARA, Silliker Inc., 160 Armory Drive, 

South Holland, IL 60473, USA; PAUL HALL, 

ConAgra Foods, Inc., Center for Research 

Quality & Safety, Six ConAgra Drive, Omaha, 

NE 68102, USA; BILL PURSLEY,AIB, 123 Bakers 

Way, P.O. Box 3999, Manhattan, KS 66505-3999, 

USA; DON ZINK, FDA-CFSAN, 5100 Paint 

Branch Pkwy., College Park, MD 20740-3835, 

USA 

The recent recall of peanut butter underscores 
that there is much to learn about the ecology of this 
organism, especially its survival in the environment 
and its routes of transmission other than fecal 
contamination. 

It appears that the organism does not have to 
grow in a food product to cause infection, that the 
infectious dose in many cases is low, and that certain 
foods can protect this organism in Its passage through 
the gastrointestinal tract. 

How do we prevent environmental contamina
tion from this organism, particularly in environments 
where wet sanitation is contraindicated? 

What can we learn from recent outbreaks of 
Salmonella, what do we know about the ecology of 
this organism and where are our gaps in knowledge? 

How do we take the science, our collective 
knowledge and make it actionable in manufacturing? 

This session will bring into sharp focus our 
collective knowledge in this area and best practices on 
controlling Salmonella in reduced moisture products. 
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MONDAY MORNING, }ULY 9 
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Vaccines against Diarrheal and Foodborne 
Diseases -An Overview 

KAREN L. KOTLOFF, Center for Vaccine 
Development, University of Maryland School 
of Medicine, 685 West Baltimore St., Baltimore, 
MD 21201, USA 

Foodborne diseases represent a worldwide 
health threat, regardless of a country's level of 
economic development. Vaccines offer one of the 
most effective and economical adjuncts to public 
health measures for the control of these illnesses, as 
illustrated by the success of poliovirus and hepatitis A 
virus vaccines. The decision to develop a vaccine 
involves consideration of the disease burden, the 
feasibility of developing a safe and effective vaccine, 
and the commercial viability of the product. Theoreti
cal issues, practical considerations, and preclinical 
experiments are used to determine the optimal 
approach (e.g., inactivated whole cells, live attenuated, 
and subunit vaccines), as well as the route of admlnls
tration, adjuvant, and delivery system to be pursued. 
Often a strategy is selected that mimics protective 
immune responses that occur In nature. 
If a vaccine appears safe and efficacious in pre-clinical 
trials, the path to licensure involves serial Phase I, 2 
and 3 clinical trials to evaluate its safety, immunogenic
ity, and efficacy in humans, Simultaneously, an eco
nomically viable mechanism must be established for 
ensuring adequate supply and distribution of high 
quality vaccine. Many vaccines against foodborne 
diseases are in development or licensed. Some 
vaccines against infections deemed to be high public 
health priorities, such as rotavirus, cholera, and 
typhoid fever, have reached iicensure, while others, 
such as Shigella and enterotoxigenic Escherichia coli 
vaccines, remain in clinical trial. Progress has been 
made in pre-clinical and some clinical trials of 
candidate vaccines against numerous other foodborne 
pathogens, Including Campylobacter jejuni, Salmonella 
Paratyphi A and B, Clostridium difficile, enteropatho
genic Escherichia coli, enterohemorrhagic E. coll, 
noroviruses, Entameba hlsto/ytlca, Cryptosporidium, and 
botulism. 
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Efficacy of a Vaccine Product Containing 
Type Ill Secreted Proteins for Reduction 
of Escherichia coli O I 57:H7 in Cattle 
RODNEY A. MOXLEY and David R. Smith, Dept. 
of Veterinary & Biomedical Sciences, University 
of Nebraska, Lincoln, NE 68583-0905, USA 

Escherichia coli O 157:H? is an Important zoonotic 
foodborne and environmental pathogen; preventing 
Infection in cattle has been proposed to reduce the 
risk of human disease. A bacterial extract vaccine 
{Bionlche Life Sciences, Belleville, Ontario) containing 
E.coli O 157:H? type Ill secreted proteins was tested 
in a series of vaccine trials in beef feedlots. We tested 
the efficacy of vaccination on E. coli O 157:H? coloni
zation of the terminal rectum mucosa (TRM), fecal 
shedding, hide contamination and pen-level contamina
tion resulting from natural exposure. In the 2003 trial, 
the efficacy of I, 2, or 3 doses of the vaccine based 
on fecal shedding was 68, 66, and 73% respectively, 
compared with pens of nonvacclnates. In a 2004 trial, 
cattle given 3 doses were 98.3% less likely to be 
colonized than nonvaccinates. In a 2004 large-scale 
trial (n = 20,556), pens of cattle given 2 doses were 
27% less likely to test positive for exposure than pens 
of nonvacclnates. In a subset (n = 720), vaccinates had 
a 75% lower probability of being colonized. In a 2005 
trial, cattle in vaccinated regions of the feedyard were 
62% and 54% less likely to shed E.coli O 157:H? in 
their feces and have hide contamination, respectively, 
compared to cattle in nonvaccinated regions. In a 
2006 trial, a 3-dose regimen had 63% efficacy based on 
fecal shedding. The results indicate this vaccine has 
the potential to be an effective preharvest interven
tion method to prevent cattle from being colonized 
with E.coli O 157:H?, and prevent subsequent cont
amination of feces and hides and further environ
mental transmission. 

Controlling Salmonella through Vaccina
tion in Chickens 

Charles Hofacre and JOHN J. MAURER, 
Department of Population Health,The Univ
ersity of Georgia, 953 College Station Road, 
Athens, GA 30602, USA 

Pathogen Reduction/Hazard Analysis Critical 
Control Point (PR/HACCP), implemented in 1997, 
set Salmonella performance standards for the meat
processing industry in an attempt to reduce salmonel
losis finally in the US (5). Initially, significant progress 
was made in reducing the level of carcass contamina
tion with Salmonella to 9%. Unfortunately, Salmonella 
prevalence in processed meats has steadily "Inched" 
closer to the 20% limit set by FSIS. We have been 
working with one poultry integrator that has failed 
HACCP Salmonella performance sets. We imple
mented a Salmonello vaccination program at the 
broiler-breeder level for this company, using a 
combination of live and killed Salmonella vaccines to 

cover the prominent Salmonella serovars Identified 
In their performance sets. An oral, live Salmonella 
Typhlmurium vaccine, MeganVAC I, was given to 
pullets followed by a bacterln vaccine, consisting of 
S. Kentucky and S. Berta. We monitored several pullet 
flocks for Salmonella, followed them to broiler-breeder 
farms, and followed their progeny to broiler farms and 
ultimately, the processing plant. We collected relevant 
epidemiological data Including Salmonella prevalence at 
the plant. Results were compared to those collected 
for a second poultry integrator, not vaccinating the 
birds against Salmonella. Vaccination did not appear 
to reduce Salmonella prevalence at broiler-breeder or 
broiler level compared to the unvaccinated control 
group. However, the poultry integrator was able to 
reduce Salmonella prevalence at the plant to meet 
HACCP Salmonella performance standards. We are 
presently typing Salmonella to serovar/straln level to 
see what impact vaccination has on Salmonella serovar 
distribution within this poultry integrator. 

Vaccination of Food Service Workers as 
an Intervention Strategy against 
Food borne Diseases:The Hepatitis A 
Example 
RYANT. NOVAK, Epidemiology Branch, Division 
of Viral Hepatitis, Centers for Disease Control 
and Prevention, 1600 Clifton Road NE, MS G-37, 
Atlanta, GA 30333, USA 

Hepatitis A Is caused by hepatitis A virus (HAV). 
Transmission occurs by the fecal-oral route, either 
by direct contact with an HAY-infected person or 
by ingestion of HAY-contaminated food or water. 
Foodborne outbreaks typically are associated with 
contamination of food during preparation by an HAY
infected food handler. Although food handlers with 
hepatitis A are frequently identified (7% of case
patients identified through sentinel surveillance 2001-
2006 reported being a food handler), outbreaks are 
relatively uncommon in the United States since the 
majority of food handlers with hepatitis A do not 
transmit HAV. However, when infected food handlers 
are Identified, evaluation of the need for immuno
prophylaxis and implementation of control measures 
are a considerable burden on public health resources. 
Food handlers are not at increased risk for HAV 
infection because of their occupation and, therefore, 
are not currently recommended for vaccination by 
the Advisory Committee on Immunization Practices. 
In the event of a common-source exposure where 
a food handler receives a diagnosis of hepatitis A, 
immune globulin (IG) should be administered to other 
food handlers at the same establishment. Because 
common-source transmission to patrons Is unlikely, 
IG administration to patrons typically Is not indicated 
but may be considered in specific circumstances. 

Reducing foodborne transmission of HAV can 
be achieved by improving food production and food 
handler hygiene and by providing preexposure 
prophylaxis to persons at risk for infection. Food 
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handlers acquire HAY infection from others within 

their communities, and reducing foodborne transmis

sion of HAY will be achieved ultimately through 

routine vaccination of persons at risk for HAY 

infection within these communities. 

Vaccinating Humans against Campylo
bacter 

ANTHONY P. MORAN, Laboratory of Mole

cular Biochemistry, Dept. of Microbiology, 

National University of Ireland - Galway, 

University Road, Galway, Ireland 

Campy/obacter jejuni is the leading cause of 

bacterial enteritis in humans and is associated with 

the development of the post-Infectious sequelae of 

reactive arthritis and the paralytic disorder Guillain

Barre syndrome (GBS). The economic burden of 

acute C.jejuni infection is exacerbated by GBS, parti

cularly requiring intensive care. Infection by C.jejuni 

is waterborne or foodborne mainly, and undercooked 

or contaminated poultry are implicated particularly. 

As the development of an anti-C.jejuni vaccine would 

be a major asset to control this infection, especially 

In traveller's diarrhea, the aim of this report is to 

review progress in the field and the problems to 

be overcome. Since there are a variety of C.jejuni 

serotypes that can vary between outbreaks and 

traveller's diarrhea attention has focused previously 

on the use of an oral, inactivated, whole-cell vaccine 

expressing conserved antigens. Although human 

volunteer studies have been conducted (Phase I and 

II), the potential for the induction of antl-C.jejuni 

antibodies cross-reactive with neuronal gangliosides, 

implicated in GBS development, has led to discontinu

ation of this vaccine. Further studies have examined 

the potential of a recombinant truncated flagellin 

subunit vaccine, a multivalent vaccine expressing 

Campylobacter antigens, and live, attenuated Salmonella 

Typhimurium vectoring Campylobacter antigens as 

candidate strategies in animal studies. Moreover, a 

proteomic-based approach has been applied to the 

identification of cell surface proteins of potential use 

as recombinant vaccine candidates·. The performance 

of challenge studies In humans, nevertheless, is 

complicated by the need for selection of non-GBS

inducing challenge strains. Collectively, the vaccine 

studies that have been conducted in animals and 

human volunteers, and epidemiologic Information, 

suggest that immune protection against disease caused 

by C.jejuni is possible. However, the protective 

immune parameters, and the antigenic targets of 

protective immune responses, still remain to be 

defined fully. 
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Current Status of Norovirus Vaccine 
Development 

ROBERT L.ATMAR, Departments of Medicine 

and Molecular Virology & Microbiology, Baylor 

College of Medicine, One Baylor Plaza, MS BCM 

280, Houston,TX 77030, USA 

Noroviruses are the most common cause of 

epidemic, non-bacterial gastroenteritis and are a 

common cause of foodborne disease. Human 

noroviruses are difficult to study because of the lack 

of available methods for in vitro cultivation and of small 

animal models. There are additional barriers to the 

development of effective norovirus vaccines, Including 

the substantial antigenic variability seen among human 

noroviruses, the lack of cross-protection seen In 

limited studies of human experimental infection with 

heterologous strains, and the lack of well-defined 

correlates of protection from infection or disease. 

Nevertheless, evidence exists that protection from 

norovirus infection does occur, suggesting that 

development of an effective vaccine is possible. 

Current strategies have relied on the use of the major 

viral caps id protein,YP I, that, when expressed in vitro, 

forms viral-like particles (YLPs) that are antlgenically 

and morphologically similar to native viral particles. 

When given orally, the YLPs induce both systemic 

(serum antibody) and mucosa! immune responses in 

mice and in humans, and use of a mucosa! adjuvant 

enhances these responses In mice. lntranasalYLP 

administration can induce more robust immune 

responses than the oral route. The immune response 

can be broadened by co-administration of YLPs 

derived from several strains. YLPs expressed in 

transgenic plants are also orally immunogenic. Efforts 

to develop human norovlrus challenge pools are 

underway so that the protective efficacy of candidate 

vaccines can be evaluated In Phase II clinical trials. 

Continued progress in the understanding of basic 

norovlrus biology is expected to aid efforts to 

develop an effective norovirus vaccine. 
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The GiftThat Keeps on Giving: 
Postinfectious Sequelae of Foodborne 
Pathogens 

MARGUERITE A. NEILL, Brown Medical School 
and Division of Infectious Diseases, Memorial 
Hospital of Rhode Island, I I I Brewster St., 

Pawtucket, RI 02860, USA 

To most persons, foodborne disease is primarily 
identified as a diarrheal illness, whose major manifes
tations are nausea, vomiting, and diarrhea, either with 
or without blood. Recognized complications are 
usually those that affect the gastrointestinal tract 
directly, such as gastritis (from vomiting), small bowel 
intussusceptlon (from rotavirus), toxic megacolon, 
perforation, abscess, and death. Their close temporal 
proximity to the illness and their severity has 
facilitated their inclusion in assessments of the 
morbidity and mortality of foodborne disease. But 
some foodborne pathogens are associated with 
postinfectious sequelae that can develop weeks to 
months later, and in many instances, long after the 
causative agent has been eliminated from the 
gastrointestinal tract. Most postinfectious sequelae 
are extraintestinal. There Is a dearth of reliable data 
on their occurrence because their true association 
with the antecedent gastrointestinal Illness may not 
be recognized, and for most of these postinfectious 
complications, they are not reportable to public health 
authorities. This has hampered assessments of their 
contribution to the burden of foodborne infection. 
A reactive arthritis can be seen following several 
foodborne pathogens including Salmonella, 
Campylobaeter and Yersina. Some cases of Guillain 
Barre syndrome, a demyelinating polyneuropathy, are 
triggered by an antecedent Campylobacter Infection. 
The hemolytic uremic syndrome can follow the 
diarrheal phase of infection with Escherichia coli 
0 I 57:H7 and a few other serotypes of Shiga-toxin 
producing E. coli (STEC). The pathophysiologic basis 
of many of these postinfectlous sequelae is complex 
and not uniform across pathogens. Considerable 
work needs to be done to profile the frequency of 
occurrence, severity, and duration of postenteric 
sequelae in order to establish reasonably accurate 
estimates of their contribution to the overall burden 
of foodborne disease. 

Journal of Food Protection Supplement A - 76 
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Guillain-Barre Syndrome Associated 
with Campylobacter jejunl Infection 

BAN MISHU ALLOS,Vanderbilt University 
School of Medicine,A-2200 Medical Center 
North, Nashville,TN 37232, USA 

Guillain-Barre syndrome (GBS) is a demyelinating 
disease of peripheral nerves and is one of the most 
common causes of acute flaccid paralysis in industrial
ized countries. Numerous studies have linked cases 
of GBS to infection with the foodborne bacteria, 
Campylobacter jejuni. 

Three lines of evidence support an association 
between C.jejuni infection and GBS: anecdotal reports, 
serologic surveys, and cultural studies. Several 
investigators have succeeded in isolating C.jejuni from 
the stools of patients with GBS. Between 8-50% of 
GBS patients had Campylobacter cultured from their 
stools very soon after the onset of neurological 
symptoms. Because lgG and lgM antibodies to 
Campylobacter may remain elevated for up to six 
weeks, several studies of GBS patients were done in 
which patients' and controls' sera were assayed for 
antibodies to Campylobacter. Controlled serologic 
studies In North America, Europe, Asia, and Australia 
have demonstrated that GBS patients have a higher 
rate of preceding Campylobacter infections. Most 
studies showed that more than one-third of GBS 
patients had serologic evidence of antecedent 
Campylobacter infection. The mechanism of the 
association is thought to involve molecular mimicry: 
bacterial ganglioside-like epitopes mimic peripheral 
nerve components thereby triggering a cascade of 
inflammation. Infection with particular serotypes and 
genetic polymorphisms of C.jejuni may be more likely 
to trigger GBS. 

In conclusion, C.jejuni Is an important trigger of 
GBS. Patient and bacterial factors may increase the 
risk. Although these factors are not understood fully, 
it seems clear that particular strains of C. jejuni are 
more likely to be followed by GBS. 

Incidence and Clinical Spectrum of 
Reactive Arthritis Following Food borne 
Illness 
JOHN M.TOWNES, Division of Infectious 
Diseases, Oregon Health & Science University, 
NRC-3, 3181 SW Sam Jackson Park Road, 
Portland, OR 97239-3098, USA 

It is widely accepted that reactive arthritis (ReA) 
can complicate infections caused by foodborne 
pathogens such as Salmonella, Campylobacter, Shigella, 
and Yersinia. Estimates of how frequently this compli
cation occurs are primarily based on outbreak 
investigations involving single bacterial clones in 
selected populations. Incidence estimates derived 
from such investigations may be skewed by the 
virulence properties of the infecting strain and the 
genetics of the outbreak population. Likewise, clinical 
descriptions of ReA are based primarily on outbreak 
investigations and clinic- or hospital-based studies 
that may be biased toward more severe disease. Few 
population-based studies of ReA have been done 
previously. 
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In this presentation, the current understanding of 
the epidemiology and clinical aspects of ReA will be 
reviewed briefly. The remainder of the presentation 
will focus on the findings of a recent population-based 
study of ReA that was sponsored by the FoodNet 
program of the Centers for Disease Control and 
Prevention. Incidence of and risk factors for 
rheumatologic symptoms and ReA following infection 
with Salmonella, Campylobacter, Escherichia coli O 157, 
Shigella, and Yersinia were determined. Clinical findings 
in a subset of subjects will be described. Findings 
from this study will contribute to a better under
standing of the clinical spectrum of Illness resulting 
from foodborne pathogens, and will help improve 
estimates of the burden of illness from this complica
tion. 

Late Sequelae and Long-term Outcomes 
in Children with Shigatoxin-associated 
Hemolytic Uremic Syndrome 

JOHN R. BRANDT, Pediatric Nephrology, 
Children's Hospital of New Mexico, UNMSOM 
Dept. PD MSC I 0-5590, I University of New 
Mexico, Albuquerque, NM 8713 I, USA 

Hemolytic uremic syndrome (HUS) can be 
caused by ingestion of shigatoxin-producing Escheri
chia coli. As an increasing number of children have 
suffered and survived HUS, long-term sequelae of the 
disease have become increasingly evident. HUS is a 
multiorgan disease, which can lead to both acute and 
chronic organ injury. Over the last ten years, a grow
ing body of evidence points to an ongoing risk of both 
renal and extrarenal sequelae after HUS. Children 
with severe HUS are at risk of multiorgan sequelae 
for which they may require lifelong surveillance. Even 
children with apparent complete recovery from HUS 
are at some risk of renal disease or insufficiency later 
in life. This presentation will review the pathophysiol
ogy of acute and chronic organ injury resulting from 
HUS and the current literature describing long-term 
outcomes in HUS survivors. 

The Economic Costs of Long-term 
Sequelae of Selected Foodborne 
Pathogens 

TANYA ROBERTS, Economic Research Service, 
US Dept. of Agriculture, 1800 M St., NW -
Room S2079,Washington, D.C. 20036-5831, 
USA 

In 1997, the Economic Research Service 
examined both acute human illnesses and selected 
sequelae for seven foodborne pathogens. The acute 
illness costs (including acute deaths) were estimated 
at $1 1.2 billion to $25.4 billion annually, and long-term 
sequelae costs were estimated at $8.4 billion to $ I 1.7 
billion, resulting in an estimate totaling $19.6 billion to 
$37.1 billion annually for the societal costs of human 
illnesses associated with these foodborne pathogens. 
Importantly, for Escherichia coli O I 57:H7 and Toxo
plasma gondii, Buzby and Roberts found the societal 
costs of long-term sequelae exceeded the acute costs 
(illnesses and deaths). The long-term sequelae were 
valued with the "present value" method to incorpo-
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rate the Impact on health over the lifetime of people 
from the Initial acute foodborne Illness. Economists 
at the Food and Drug Administration, by including a 
different long-term sequelae arthritis, Into their cost 
estimates for salmonellosls, have arrived at an annual 
figure of $28.1 billion for 9 foodborne pathogens, This 
paper will update the cost estimates for selected long-

term sequelae using the most recent epidemiological 
estimates of cases, New economic methods for 
valuing costs of human foodborne Illnesses on society 
will be examined and critiqued. Differences in the 
resulting estimates of the societal costs of long-term 
sequelae of foodborne illnesses will be compared and 
contrasted, including the impact of different methods 
of valuation used by economists, 
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TUESDAY MORNING, JULY I 0 
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Emerging Consumer Trends: Challenges 
for Food Safety 

CHRISTINE M. BRUHN, Center for Consumer 

Research, Dept. of Food Science and Technology, 

University of California-Davis, One Shields Ave., 

Davis, CA 95616-8598, USA. 

Consumer demands for convenience, quality, and 

novelty impose additional challenges in food safety. 
Convenience isn't a luxury today; it is essential. Time 
savings alone is not sufficient. Consumers want foods 

that are fast to prepare, with the flavor qualities of 
freshly prepared, and a nutrient profile that will 
correct all the problems of a population that is aging, 

less active, and not inclined to follow all the dietary 
guidelines. In the supermarket, consumers are turning 
more to time-saving fresh dishes, and choosing frozen 

less often. People want entrees, fruits, vegetables,and 

snacks, with preparation steps done by others. At the 
same time, many seek products without additives, 

preservatives or processing innovations that could 
protect safety. Successful new products often feature 
foods with new flavor combinations. Novel flavors 
and the quest for low ingredient or production costs 

may lead to increased sourcing of foods outside the 

United States. This may bring unexpected safety 
problems even in processed products. The impact of 

an error In handling is multiplied when this error 
occurs in the food service sector because people are 

increasing their reliance on supermarkets, fast food, 
and restaurants to prepare meals fully. The demo
graphic profile of consumers in the United States is 
changing as well, with more people at increased risk 

for foodborne disease because of weakened immune 

systems as the result of health conditions such as 
diabetes, treatment of medical conditions, or living 

to ages older than 55 or 60 years. These factors 
combine to create an environment with high public 
expectations and high food safety vulnerability. 

Safety of Probiotics 

PIETER BREEUWER and A. Constable, Nestle 

Product Technology Centre Konolfingen, Nestle 

Strasse 3, CH-3510 Konolfingen, Switzerland 

Probiotics are live microorganisms that, when 
administered in adequate amounts, confer a health 
benefit on the host. In the last decade, the consump

tion of problotlcs, either directly or via addition to 
food products, has become more and more popular. 
Most problotlcs are bacteria from well known genera 

such as lactic acid bacteria, traditionally used as 
starter cultures in the dairy Industry in, e.g., yogurt 
and cheese production, and have a long history of safe 

use. Nevertheless, the Increased Importance of 
probiotlcs has also led to a more in-depth analysis of 

the safety status of these ingredients. For Instance: 
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I. 

2. 

3. 

4. 

With the increased demand for health benefits, 
new microorganisms are now explored for 
their problotlc potential. For most of those 
uncommon strains there Is a need to obtain 
more information about their safety. 
There has been a growing understanding that 
commensal bacteria may represent a reservoir of 
antibiotic resistance traits, that have the potential 
to be transferred to pathogenic bacteria. In this 
respect, there ls a concern that starter cultures 
and probiotics may contain antibiotic resistance 
determinants. 
The production of probiotlcs on a large scale is highly 
specialized and demands strong expertise in Good 
Manufacturing Practices and adequate analytical 
methods for analysis of contaminants. 
Probiotlcs in current use are considered safe for the 
general population. Only in some cases, where the 
consumer heath status is severely compromised, 
should probiotics be administered with caution. 
This presentation will discuss these points in detail. 

Natural Ingredients and Food Trends 

JOSEPH D. MEYER, Scientific Affairs & Regula
tory Affairs, Kraft Foods Global, Inc., 910 Mayer 
Ave., Madison,WI 53704, USA 

Consumers today are continuing to explore a 
variety of options when making food purchases. The 
area of natural and less processed foods continues to 
be of interest to consumers looking for different food 
choices. Ingredient options can be limited for these 
foods, and it can be a challenge for food manufactur
ers to deliver on the consumers' desire for natural 
ingredients while meeting their expectation of minimal 
spoilage and minimal safety risk. 

In recent years there has been a tremendous 
research effort to identifying natural ingredients that 
could be used to Inhibit spoilage or pathogenic 
microorganisms in food products. Many of the 
potential ingredients identified have failed to be 
utilized successfully in food products for a variety of 
reasons. However, there are products in the market 
place that incorporate natural ingredients and other 
strategies to deliver natural products to consumers 
that will also meet their expectations of minimal 
spoilage and minimal safety risk from microbial 
growth. Several examples will be presented with a 
comparison to their conventional food counterparts. 

Organic Foods and Food Safety: Separate, 
Antagonistic, or Symbiotic? 

DOUGLAS A. POWELL, Katija Morley, Stacey 
Cahill, Benjamin C. Chapman, and Amy L. 
Hubbell, International Food Safety Network, 
Kansas State University, Manhattan, KS 66506, 

USA 

Fresh fruits and vegetables have been identified 
as a significant source of microbial foodborne Illness 
for at least the past decade. Outbreaks have been 
linked to both conventionally and organically grown 
produce. 

Previous studies have identified gaps between 
US Food and Drug Administration on-farm food safety 
guidelines and the US Department of Agriculture's 
organic standards in terms of microbial food safety. 
Although microbial food safety standards are often 
achieved indirectly under organic production, organic 
standards are process-based, and have nothing do to 
with end-product safety. Specific omissions include 
worker hygiene and recommendations for safe use of 
processing and irrigation water. Further, any guideline 
or standard is meaningless without robust verification. 
The production of safe food Is the responsibility of 
everyone in the farm-to-fork chain - conventional 
or organic - and food safety, especially with fresh 
produce, must begin on the farm. 

Food Safety Challenges Posed by Minimal/ 
Opinion-traditional Food Processing 
Technologies 
MARTIN B. COLE, National Center for Food 

Safety and Technology, 6502 South Archer Road, 
Summit-Argo, IL 6050 I, USA 

The rapid globalization of the food processing 
and retailing industries, consumer demand for more 
natural and more convenient products, and an overall 
increase in the susceptibility of the population are 
believed to be the most Important factors that have 
led to fundamental changes in the nature of food
borne disease. The primary consumer trends within 
the mature food markets have been toward products 
perceived as offering pleasure, health, and convenience 
benefits. Within this environment, the food Industry 
has been plagued by on-going food safety issues and 
dietary concerns that include bacterial pathogens, 
bovine spongiform encephalopathies (BSE), chemical 
contaminants, allergens, and obesity. Food safety is a 
recognized given in the market place yet consumer 
trends towards fresher, more natural, less preserved, 
convenient foods are not always conducive to 
enhanced food safety as many traditional preservation 
regimes are also intrinsic stability or food safety 
factors. Recent advances in food science and tech
nology, such as risk assessment, genomics, and novel 
preservation, offer exciting new possibilities for 
innovation to meet the consumer drivers of health, 
convenience, pleasure, and environment. In delivering 
these possibilities, it is important that we do not 
introduce new food safety hazards. This will require 
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not only the use of new technologies, but also an 

intricate networking and collaboration among all 
stakeholders involved. This paper will review develop
ments in minimal and non-traditional food processing 

technologies, the opportunities these technologies 

offer for innovation, and steps that are being taken to 
minimize the food safety challenges from their 
adoption, 

Food Safety Challenges and Strategies 
Allowing for Unique,Year-round, Globally
sourced Ingredients, Commodities, and 
New Products 

SARA E. MORTIMORE, Global Sourcing 

Development, General Mills, Inc,, Number 

One General Mills Blvd.,WO4B, 

Minneapolis, MN 55426, USA 

81 - Journal of Food Protection Supplement A 

Global sourcing of food, while not new, is 
increasing as consumers demand year-round produce 
and innovative products, and manufacturers seek low

cost opportunities. Global food trade requires global 

food safety standards as well as compliance with the 

importing countries' regulatory requirements. 
Challenges are many and varied, meaning that there is 

no one single risk mitigation strategy - flexibility Is 
key, 

Many food producers, particularly in the develop

ing countries, do not yet comply fully with the basic 
food manufacturing practices of a hygienic operating 

environment and equipment designed to high sanitary 

standards, Cross-contamination prevention, pest 
control, allergen management, storage at safe 
temperatures, and sanitation programs are often 
inadequate. That, combined with poor understanding 

of HACCP and microbiology, leads to a high likelihood 

of failure. 
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TECHNICAL ABSTRACTS 

T 1-0 I Ten-minute Assay for Detecting Esch
erichia coll O I 57:H7 in Ground Beef 
Samples Using Piezoelectric-excited 
Millimeter-sized Cantilever Sensors 

David Maraldo and RAJ MUTHARASAN, 

Drexel University, 3141 Chestnut St., 

Philadelphia, PA 19104, USA 

Introduction: Detection of food borne pathogens 
involves sample collection, and enrichment, followed 
by selection and identification of the targeted organ
ism by use of labeled reagents.When the pathogen 
is present at a very low concentration, time-to-result 
(TTR) could take 8-24 h. 

Purpose:The purpose is to establish feasibility and 
determine detection limit of cantilever sensors for 
detecting E.coli O I 57:H7 (EC) in ground beef samples. 

Methods: Piezoelectric-excited millimeter-sized 
cantilever (PEMC) sensors were fabricated and 
immobilized with polyclonal antibody (Ab) specific to 
EC. Ground beef (2.5 g) in IO ml phosphate buffered 
saline was spiked with EC at I 0-10,000 cells/ml. One 
ml of supernatant was removed from each blended 
sample and used in detection experiments. 

Results:The PEMC sensor's resonance frequency 
decreases when target EC binds to it.The total 
resonant frequency change obtained for the samples 
was 138 ± 9, 735 ± 23, 2,603 ± 51, and 7,184 ± 606 
Hz, corresponding to EC concentrations of 3, 25, 250, 
and 2,500 cells/ml, respectively. Positive detection of 
EC In the sample solution was observed within I 0 
min.The response to control samples was negligible 
i.e., Positive (EC present, no Ab), negative (EC absent, 
Ab), and buffer (EC absent, no Ab) controls gave 36 ± 

6, 27 ± 2, and 2 ± 7 Hz, respectively. Positive verifica
tion of EC attachment was confirmed by low-pH 
buffer (PBS/HCI pH 2.2) release, microscopic analysis, 
and second antibody binding post-EC binding.The 
results indicate that PEMC sensors can reliably detect 
E. coli O I 57:H7 at less than IO cells/ml in IO min 
without sample preparation, and with label-free 
reagents. 

Significance:The I 0-mlnute TTR method devel
oped in this study with beef samples is applicable for 
detecting any pathogen in other food matrices with 
the appropriate antibody immobilized on the sensor. 

T 1-02 Rapid Detection of Listeria monocyto
genes Using Quantum Dots and Nano
beads-based Optical Biosensor 

HONG WANG, Y. Li, and M. Slavik, University 

of Arkansas, 0-1 14 Poultry Science Bldg., 

Fayetteville, AR 7270 I, USA 

Listeria monocytogenes is one of the major 
foodborne pathogens associated with poultry and 
meat products. Current conventional detection 
methods are still limited because of their time
consuming processes, lack of specificity or quantitative 
results, complex procedures, and high cost. 
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The objective of this study was to develop a 
rapid, sensitive and selective method for quantitative 
detection of L monocytogenes in poultry and meat 
products by use of magnetic nanobeads to separate 
and concentrate the target bacteria, and quantum dots 
as fluorescent markers In an optical biosensor. Both 
streptavidin conjugated quantum dots (605 nm 
emission wavelength) and magnetic nanobeads ( 140 
nm diameter) were separately coated with biotin
conjugated anti-L monocytogenes antibodies. The 
conjugated magnetic nanobeads then were mixed 
with a poultry or meat sample to capture, separate 
and concentrate L monocytogenes that was inoculated 

into the sample. After immunomagnetic separation, 
the magnetic nano L monocytogenes conjugates were 
mixed with the conjugated quantum dots. Unattached 

conjugated quantum dots were removed, using 
immunomagnetic separation.A fluorescence spec
trometer was used to measure fluorescence intensity 

of the complexes of nanobeads-L monocytogenes 
quantum dots. Results indicated that this method 
could detect L. monocytogenes at a concentration 
as low as 5-10 CFU/ml in a pure culture or a food 
sample {chicken carcass washwater or ground beef). 

A linear relationship was found between the 
fluorescence intensity and L monocytogenes concentra

tion in a range of I 0° to I 07 CFU/ml. The total 
detection time including sampling and measurement 
was less than 1.5 h.The results also showed that this 
method has potential to be able to detect a single cell 

of Listeria when the sample is incubated for I to 2 h 

prior to detection. This quantum dots and nanobead

based biosensing method may provide a better alter

native way to detect Listeria monocytogenes rapidly, 

sensitively and quantitatively In poultry and meat 

samples for ensuring food safety. 

T 1-03 Methods for the Detection of Foodborne 
Viruses:Approach to Quantification 

FABIENNE LOISY-HAMON, Soizick Le Guyader, 

and Benoit Lebeau, CEERAM SAS, 22 Ave. de la 

Passagere, Saint Herblain, 44800, France 

Introduction: Foodborne viral infections are 
a common source of gastrointestinal disease. The 
proportion of outbreaks attributed to viral agents, 
predominantly norovirus, has increased regularly every 

year. In December 2006, an increase in norovlruses 
activity was reported to European national health 
authorities via the Foodborne Viruses in Europe 
network. 

Purpose: Based on a proposal of the CEN 
(European Committee for Standardization) working 

group on virus detection in foods, standardized 
methods were evaluated for the detection of noro
viruses (genogroup I and 2) and hepatitis A virus In 
food (shellfish, fruits, vegetables and bottled water). 
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Methods: Following virus concentration, a semi
automatic method based on the Boom protocol using 
magnetic silica was evaluated.This method allowed 
the extraction and purification of 12 samples In 4 h, 
whatever the analyzed matrices.An extraction control 
was systematically used to validate the method and 
to determine the extraction efficiency. One step real 
time RT-PCR were developed in conserved region 
of the genome for each virus to reach a sensitivity 
of 5 genome copies at a confidence level superior to 
95%. lnternal controls and standards were developed 
to monitor inhibition and quantification. 

Results: For shellfish collected In recreational 
areas during one year, a contamination level ranging 
from 30 to 5, I 05 genome copies/shellfish was 
detected for noroviruses. In market shellfish, most 
of the samples were negative, but one was found 
positive, with a contamination of 3, I 04 genome 
copies/shellfish for norovirus genogroup 2. Analyses 
were also performed on raspberries implicated in 
an outbreak; the contamination was 3, I 04 genome 
copies/25 g of fruits for norovirus genogroup 2. 

Significance:These improved methods allow for 
rapid detection, identification and quantification of 
foodborne viruses for different types of food in 24 
to 48 h, depending on the urgency. 

Development and Application of Real
time NASBA for the Detection of 
Norovirus in Lettuce Samples 

Safaa Lamhoujeb, Solange E. Ngazoa, lsma'il Fliss, 
and JULIE JEAN, Universite Laval, Dept. Food 
Science and Nutrition, Comtois Bldg. Room 
140 I, Quebec, QC, GI K 7P4, Canada 

Norovirus is a significant worldwide public health 
concern causing viral gastroenteritis. In the absence of 
culture methods, detection of norovlruses in foods 
relies on molecular techniques based on viral RNA 
amplification and amplicon detection by hybridization 
and/or sequencing, Furthermore, the high genetic 
diversity that exists among norovlruses requires a 
specific method able to detect all norovirus genetic 
variants.Among new proposed molecular techniques, 
NASBA has shown great efficacy for direct amplifica
tion of viral RNA. In this study, NASBA primers and 
molecular beacon were designed In the most con
served region of norovlrus genome, the ORF 1-ORF2 
junction, to develop a real-time, sensitive and specific 
detection method for genogroup II norovlrus. Results 
were compared to those obtained byTaqMan RT-PCR 
and then validated on spiked lettuce samples. Using 
optimized conditions, 0.0 I RT-PCR detectable units of 
norovirus was achieved. This sensitivity is comparable 
to that obtained by the TaqMan real-time RT-PCR. 
Specificity of the real-time NASBA assay was eval
uated on 96 clinical samples isolated from different 
Canadian provinces, with 89% of the samples con
firmed as norovirus positive by NASBA, compared 
to 86% byTaqMan RT-PCR. Similar specificity was 
obtained with spiked lettuce samples, indicating the 
suitability of the assay for detection of viral contami
nation in foods, 
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Detection of Avian Influenza Virus HSN I 
Using an Impedance Biosensor-based on 
lmmuno-nanobeads and Microfluidic 
Biochips 

YANBIN LI, RonghuiWang, Billy Hargis, Steve 
Tung, and Luc Bergh man, University of Arkansas, 
230 Engineering Hall, Fayetteville,AR 7270 I, 
USA 

A key to the control of avian influenza (Al) Is 
rapid detection of the disease followed by quarantine 
and vaccination measures. Current methods used to 
detect avian influenza, such as viral culture, RT-PCR 
and ELISA, are either time consuming, too expensive, 
or not specific to subtypes of Al viruses, or, most 
importantly, they require a laboratory and a highly 
trained technician.Therefore, the objective of this 
research was to develop an impedance blosensor to 
detect Al virus HSN I in the field rapidly.An imped
ance biosensor was designed based on three novel 
concepts: (I) magnetic bio-nanobeads for efficient and 
rapid separation of target virus in a sample; (2) a 
microfluidic blochip with interdigitated array micro
electrode for delivery, capture and measurement of 
target virus; and (3) the complexes of red blood cells 
and nanobeads for amplification of impedance signal. 
Magnetic nanobeads (140 nm diameter) were coated 
with anti-HS antibodies and used to separate and 
concentrate Al virus HSN I in a sample. In the biochip, 
a microfluidic channel (40 µm depth and I 00 µm 
width) and an lnterdlgitated array microelectrode (25 
pairs of electrode fingers with 15 µm width) coated 
with specific antibodies were designed for Impedance 
measurement of target virus.The results showed that 
the biosensor was able to specifically detect Inacti
vated Al virus HSN I at a concentration as low as I 00 
EIDS0/ml in a poultry cloacal swab sample in less than 
30 min.This is more rapid and more sensitive than any 
other currently available rapid detection method.The 
capture of target Al virus by use of immunonano
beads was more efficient than with use of centrifuge, 
filtration and mlcrobeads, Other species of viruses in 
the swab sample did not Interfere with the specific 
detection of Al virus HSN I. This study may lead to 
a portable instrument for quantitative detection of 
multiple subtypes of avian influenza viruses, which 
would make in-field detection of Al possible. 

Enumeration of Viable Cells of Listeria 
monocytogenes in Biofilms by Use of 
Propidium Monoazide and Real-time PCR 

YOUWEN PAN and F. Breidt,Jr., USDA-ARS 
and North Carolina Agricultural Research 
Service, Dept. of Microbiology, North Carolina 
State University, 322 Schaub Hall, Campus Box 
7624, Raleigh, NC 27695, USA 

Both ethidium monoazide (EMA) and propldium 
monoazide (PMA) have been reported to be used for 
cross linking with DNA from dead cells of microor
ganisms, allowing live bacteria only to be enumerated 
in a live/dead mixture by PCR detection methods.The 
purpose of this study is to compare the two fluores
cent dyes and select one for live cell quantification In 
Listeria monocytogenes biofilms. EMA was found to kill 
the bacterium during incubation and light exposure, 

Journal of Food Protection Supplement A - 84 
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presumably by intercalating into DNA of live cells. 
However, PMA had no apparent affect on the growth 
or survival of L monocytogenes.The amount of DNA 
that could be amplified by real-time PCR from live 
cells treated with EMA was significantly less than that 
from non-EMA treated cells. Live Listeria was subject
ed to a range of temperatures prior to EMA treat
ment. Increasing temperatures resulted in a decrease 
in the amplification of DNA from EMA treated live 
cells.Amplification of DNA from live cells was not 
inhibited by PMA regardless of temperature. In quanti
fication of live cells of Listeria in blofilms by real-time 
PCR, PMA was found to prevent amplification of DNA 
from dead cells as well as or even better than EMA 
under optimal conditions. For real-time PCR for 
quantification of viable cells of Listeria, PMA was more 
reliable than EMA under a variety of conditions, 
including In biofilms. The PMA-PCR assay potentially 
provides significant applications in food safety 
research. 

Evaluation of Loop-mediated Isothermal 
Amplification to Detect Vibrio vulnificus 

FEIFEI HAN and Beilei Ge, Louisiana State 

University, I I I Food Science Bldg., Baton Rouge, 

LA 70803, USA 
/ntroduction:According to the most recent CDC 

FoodNet report, alarmingly, human infections caused 
by Vibrio vulnificus due to eating raw or undercooked 
oysters have shown a sustained increase, Simple, rapid, 
and sensitive detection methods are urgently needed 
to better ensure oyster safety.The recently invented 
loop-mediated isothermal amplification method 
(LAMP) provides a promising alternative for detecting 
foodborne pathogens in foods and has been applied 
in detection of a handful of microorganisms to date. 

Purpose:The purpose of this study was to 
evaluate the LAMP technique for rapid and sensitive 
detection of V. vulnificus. 

Methods: A set of four primers, two outer and 
two inner, was designed specifically to recognize the 
vvhA gene of V. vulnificus.The LAMP reaction mix was 
optimized by varying the concentrations of MgSO4, 

betaine, deoxynucleotide triphosphate ( dNTP), 
enzyme, inner and outer primer ratio, and assay 
temperature and duration. 

Resu/ts:The optimum amplification result could be 
obtained using 6 mM of MgSO 4, 0.8 M of betaine, 1.2 
mM of dNTP, I: IO of the inner and outer primer ratio, 
at 6S°C for I h.Those conditions could effectively 
amplify the ladder-like banding pattern in sizes of 204 
bp and above specifically for the V. vu/nificus vvhA gene. 
In addition, the detection limit of this LAMP assay was 
determined to be ca. 30 colony forming units in pure 
culture. 

Significance:The results suggest that the LAMP 
technique may be adopted for rapid and sensitive 
detection of V. vulnificus. 

Comparison of Methods for Detecting 
Live, Stressed, and Dead Cells of 
Campylobacter Je}uni 

CHIN-YI CHEN andYiping He, USDA-ARS

ERRC, 600 E. Mermaid Lane,Wyndmoor, PA 

19038, USA 
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lntroduction:The microaerophilic gram-negative 

bacterium Campylobacter jejunl is the leading cause of 

foodborne illnesses. It can be found in high prevalence 

in poultry products and in many environments, yet it is 
difficult to culture in the laboratory.When stressed, it 
can assume a "viable but non-culturable" (VBNC) 
state, with a concomitant change in morphology from 
a spiral to a coccoid-shape. 

Purpose:The purpose of this study was to 
compare several methods for detecting and/or 
quantifying live/viable and dead bacteria to evaluate 
cell viability under different growth and stress 
conditions. 

Methods: Ethidium monoazide in combination 
with real-time PCR (EMA-PCR), BacLight viability 
staining with confocal microscopy, and plate counting 
on Mueller-Hinton (MH) agar were used to quantify 
cells in different growth stages and under stress 
conditions such as exposure to oxygen (in air/I week), 
heat (boiling/ IO min), and isopropanol (30 min). 
Campylobacter jejuni strain 81-176 was cultured in MH 
broth or on MH agar under mlcroaeroblc conditions 
(5% oxygen, I 0% carbon dioxide, 85% nitrogen) for 
16 h prior to stress treatments or before dilution for 
growth studies. 

Results: Plate counting, microscopy and EMA-PCR 
showed varying degrees of detection sensitivity for 
live, dead, and stressed (coccoid) cells.The plate count 
failed to detect culturable cells under oxygen-stressed 
conditions even when both EMA-PCR and Bacllght 
staining showed that the majority of the cell popula
tion (> 96%) was viable.The EMA-PCR method, 
though sensitive, could not differentiate the cell 
populations containing more than 99.9% dead cells 
and thus may overestimate the number of viable cells. 
Microscopy with viable-staining is labor-intensive and 
not appropralte for routine laboratory testing. 

Slgnificance:The ability to detect viable bacteria 
is critical in evaluating the efficacy of intervention 
strategies and for risk assessment. Conventional 
culturing methods could underestimate the bacterial 
counts, especially for cells in the VBNC stage, resulting 
in "fail-danger status" In intervention processes. 

Evaluation of the VIDAS® Listeria Species 
Xpress with Ottaviani Agosti Agar Method 
for the Detection of Listeria Species in 
Poultry, Seafood, and Vegetable Products: 
AOAC Food Matrix Extension Study 

LESLIE K.THOMPSON, Brian Kupski, and 

Ronald L.Johnson, Silliker Inc., Food Science 

Center, South Holland, IL 60472, USA 

The objective of this study was to extend the 
food matrices validated for use with the VIDAS® 
Listeria species Xpress (LSX) method, which includes a 
30-h proprietary enrichment broth, enabling next-day 
release of test samples that are screened negative for 
Listeria by the VI DAS LSX test. The VI DAS LSX has 
been previously validated with Ottaviani Agosti 
chromogenic media as an AOAC Performance Tested 
Method SM (PTM) for use with meat products and 
dairy products and 8 environmental surfaces.A food 
matrix extension study was conducted to validate 
the VIDAS LSX method for the detection of Listeria 
species in artificially contaminated foods including 
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poultry, vegetables and seafood products. In this food 
matrix extension study, seven food types-chicken 
franks, fresh ground chicken, pasteurized crab meat, 
cod fillets, raw shrimp, green beans and cauliflower
inoculated at fractional positive levels were analyzed 
by the VIDAS LSX method and the appropriate ref
erence methods, FDA Bacteriological Analytical Manual 
(BAM) or USDA/FSIS Microbiology Laboratory Guide
book (MLG).The LSX method was significantly more 
sensitive (x2 = 7.7) than the FDA/BAM Method for 
the detection of L grayi in pasteurized crabmeat, and 
OM was significantly more sensitive than OXA in 
confirming L grayi from pasteurized crabmeat. For all 
other foods tested in the method extension study, no 
significant difference (x2 < 3.84) was observed bet
ween the performance of the alternative method and 
the combined standard methods.The LSX method 
demonstrated I 00% specificity, with no false positive 
results. With the AOAC PTM matrix extension 
approval, this method has been validated as a next day 
screen for the presence of Listeria species in a variety 
of foods, Including vegetables, seafood, poultry, meat 
and dairy products. 

Rapid Enrichment and Detection of 
Salmonella in Composite Raw Beef 
Samples:A Comparison between Cultural 
Method, PCR and Lateral Flow Immuno
assay 

JINGKUN LI and Jim Stave, Strategic Diagnos
tics, Inc., 128 Sandy Drive, Newark, DE 19713, 
USA 

A successful food safety program requires a 
rigorous sampling and testing plan.A general trend in 
the food Industry is the use of composite samples to 
increase sensitivity and to reduce the cost of food 
pathogen testing. For example, most labs test for 
Escherchia coli O 157 with 375 g composite samples, 
Instead of 25 g or 65 g, a practice that has been widely 
accepted. Compositing plans for Salmonella testing are 
still needed. In this work, Salmonella enrichment and 
detection In raw ground beef trim product was tested, 
at composite size of 125 g per sample with I 125 ml 
of primary media was added to each sample.This was 
compared to the USDA cultural method, automated 
PCR method and a lateral flow assay (LFA) method.A 
total of I 08 samples were processed, of which 38, 32 
and 38 confirmed positives were correctly reported 
for the three methods, respectively. The sensitivity and 
specificity are 82% and I 00% for the PCR method, 
and I 00% and 93% for the LFA method, respectively. 
A total of 79 natural Salmonello isolates have been 
obtained, and at least 50% of them associated with the 
CI group.Apparently due to the low productivity of 
buffered peptone water used in the PCR method as 
primary enrichment, a significant high false negative 
rate ( 18%) was reported with this method for com
posite samples compared to reference. This work 
indicates that proprietary enrichment followed by the 
lateral flow assay provides a reliable alternative test 
method for Salmonella in composite beef samples. 

Tl-I I 

Tl-12 

Design of a Novel Multiplex Real-time 
PCRAssay for Vibrio Pathogen Detection, 
Quantification and Speciation 

ROBERT S.TEBBS, Somaya L. Bit, Pius M. Brzoska, 
Manohar R. Furtado, and Olga V. Petrauskene, 
Applied Biosystems, 850 Lincoln Centre Drive, 
Foster City, CA 94404, USA 

lntroduction:The presence of pathogenic organ
isms in our food and environment is a constant threat 
to human health. FDA and USDA regulations require 
that our nation's food supplies be tested for the 
presence of common foodborne pathogens. Classical 
methods can require up to one week for confirma
tory results as to the presence of a pathogenic 
organism. 

Purpose:The purpose of this study was to develop 
a real-time PCR assay that would shorten time to 
result for detecting multiple Vibrio species in a single 
assay. 

Methods:A multiplex real-time PCR assay was 
designed to Identify 3 species of Vibrio and an internal 
positive control by use of a four-dye configuration. 
Because of sequence diversity, multiple strains were 
sequenced within each species to identify target sites, 
and several targets were Identified for each species to 
account for assay incompatibilities during multiplexing. 
The sensitivity of the assay and efficiency for quantify
Ing pathogen levels were determined, using Vibrio 
genomic DNA and a mixture of pathogens. 

Results: Vibrio cholerae, V. parahaemolyticus, and 
V. vulnificus were detected either individually or In 
mixtures with a sensitivity of s 25 genomic copies. 
The Vibrio multiplex assay showed I 00% specificity to 
all targets analyzed (51 /51 V. cholerae, 19/ 19 V. para
haemolyticus, and 14/ 14 V. vulnificus tested positive), and 
no detection of an exclusion panel (30 Vibrio strains 
representing 9 different Vibrio species, including 
nearest neighbors). Each assay In the multiplex 
exhibited I 00 ± I 0% efficiency over a 5 log range 
of target concentrations. 

Significance: Multiplex real-time PCR can simplify 
food testing and significantly reduce costs since 
3 species can be analyzed in a single reaction tube. 
Multiplexed PCR assays can be designed for any set of 
pathogens to provide detection and define pathogen 
load. 

Five-hour Real-time PCR-based Method 
for Rapid and Simultaneous Detection 
of Five Foodborne Pathogenic Bacteria 
in Food 

JEONGSOON KIM, Kyounghwa Um, Kyoungmo 
Koo, and Ganggweon Lee, Samsung Everland, 
Inc., 50, Mabuk-dong, Giheung-gu,Yongin, 
Gyeonggi 446-912, South Korea 

A new real-time PCR assay was successfully 
developed using a SYBR Green I for specific detection 
and enumeration of five pathogenic bacteria, E. coli 
0 I 57:H7, S. aureus, V. parahaemolyticus, L monocyto
genes and Salmonella spp., in food.The specific primers 
for multiplex PCR amplification of Shiga-like toxin 
(verotoxin Type ii), femA ( cytoplasmic protein), toxR 
(transmembrane DNA binding protein), lap (invasive 
associative protein), and invA (invasion protein A) 

Journal of Food Protection Supplement A - 86 
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gene sequences, The minimum detection limit of this 

technique was approximately I CFU/ml of a pure 
culture.The assay was then applied to milk and pork 
in multiplex different trails.The cell population detect

ed IO CFU/g of the strains without an enrichment 
procedure.The ability to test for the five bacteria 
simultaneously will save time and increase the ability 

to assure food quality. 

Survival and Transport of Escherichia coli 
0 I 57:H7 in Agricultural Environments 

MICHAEL COOLEY, Diana Chao, and Robert 

Mandrell, USDA, 800 Buchanan St.,Albany, CA 

94710, USA 

Escherichia coli O 157:H? has been shown to 
contaminate fresh produce.This pathogen can survive 
in low numbers in water, soil and on plants, Neverthe

less, pre-harvest contamination likely occurs by 

application of raw or poorly composted manure to 
the crop or inadvertently from livestock or wild 
animals. Several recent outbreaks associated with 
lettuce and spinach have focused attention on Salinas 

and the surrounding region. Nine hundred sixty-four 

E.coli O 157:H? isolates were recovered from the 
Salinas watershed. Multilocus Variable number tandem 

repeat Analysis (MLVA) was used for high-throughput 
typing, yielding 57 different types. Phylogenetic analysis 

indicated that related E.coli O 157:H? were isolated 
generally in the same proximity. Isolates from distant 

portions of the watershed were less related MLVA 
types. Furthermore, in one region of the watershed a 

point source of E. coll O 157:H? contamination was 
discovered. During a low stream flow situation, closely 

related pathogens were detectable at I 0, 60 and 139 

meters downstream from the source, but were 
undetectable at 229 meters and further downstream. 

Beyond 139 meters, the pathogen may loose viability 

or, more likely, become diluted to undetectable levels. 

Nevertheless, from all the watershed, a few strains 
with identical MLYA types were collected on the same 

day at points separated up to 24 kilometers apart. 
However, unlike the previous example, these isolates 

were collected exclusively during flooding conditions 

and indicate that the pathogen may be transported 
long distances under certain conditions. During the 
baby spinach outbreak investigation in October 2006, 

hundreds of samples were taken in or near 2 impli
cated farms and yielded more than 30 MLVA types. 
These types were again clustered spatially. Further
more, pathogens identical to the outbreak strain were 

isolated from several sample types (including cattle, 
surface water, sediment, dust and feral pig), but only 
within a few miles of one Implicated field. Pre-harvest 

contamination of spinach may have occurred by 
transport of the pathogen from the surrounding 
environment to the fields by feral pig or dust. These 

data suggest that MLVA is an effective high thoughput 

investigation tool of the transport of E.coli O 157:H? 
in agricultural environments, especially following pre
harvest contamination events. 

87 - Journal of Food Protection Supplement A 

T2-02 Efficacy of Hot Water Surface Pasteuriza
tion vs. Chlorine and Experimental 
Sanitizing Wash Treatments for Reducing 
Populations of Salmonella Poona on 
Inoculated Whole Cantaloupe Melons 

BASSAM A.AN NOUS, USDA-ARS-ERRC, 

600 E. Mermaid Lane,Wyndmoor, PA 19038, USA 

Numerous outbreaks of salmonellosis by 
Salmonella Poona have been associated with the 
consumption of cantaloupes. Commercial washing 
processes for cantaloupes are limited In their ability 
to Inactivate and/or remove this human pathogen.The 
objective of this study was to compare the efficacy of 
hot water surface pasteurization at 76°C for 3 min to 
that of various chlorine and experimental sanitizer 
solutions for the inactivation of Salmonella on ino
culated cantaloupe surfaces.Whole cantaloupes, 
surface inoculated with S. Poona RM 2350 to a final 
cell concentration of 5-6 log CFU/cm2, were stored 
at 4'C or room temperature (RT= I 9'C) for up to 
48 h prior to processing.Washing treatments with tap 
water at 76°C for 3 min at 24 and 48 h post ino
culation resulted in excess of 5 and 3 log CFU/cm2 

reductions in S. Poona and in yeast and mold popula
tions, respectively.All washing treatments with 
aqueous sanitizers at RT for 20 min resulted in less 
than 2 log reductions in S. Poona and In yeast and 
mold populations.These results demonstrate the 
utility of hot water for the inactivation of Salmonella 
on cantaloupes and provide a framework to produc
ers of fresh-cut melon for the potential use of hot 
water as an intervention treatment for enhancing 
the microbiological safety and extending the shelf life 
of this commodity. Storage of untreated inoculated 
cantaloupes at RT for up to 48 h post inoculation 
caused a significant (P < 0.05) increase in S. Poona 
as compared to storage at 4°C.This indicated that 
cantaloupes should be refrigerated as soon as possible 
following harvesting to suppress the growth of any 
possible contaminant on the rind.These findings will 
assist food industry and regulatory agencies in 
establishing processing guidelines to guard against 
pathogens, thereby decreasing the incidence of food 
poisoning outbreaks. 

T2-03 Reduction of Escherichia coli O I 57:H7 and 
Salmonella Species on Baby Spinach by 
Use of Electron Beam Irradiation 

JAY NEAL, Joe Maxim, and Alejandro Castillo, 

Texas A&M, 2471 TAMU, College Station,TX 

77843-2471, USA 

lntroduction:A recent E.coli O 157:H? out-break 
has researchers studying ways to improve the safety 
of spinach. Despite the use of proper hygiene and 
Good Agricultural Practices, which are the most 
effective means of obtaining safe produce, contamina

tion may still occur.Aqueous sanitizers may not be 
sufficient, warranting the use of other methods. One 

possible method may be the use of electron beam 
irradiation. 

Purpose:The purpose of this study was to test the 
reduction of inoculated E.coli O 157:H? and Salmonella 
on baby spinach. 
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Methods: Fresh spinach was Inoculated with a 
bacterial cocktail containing rlfamplcln resistant (Rif+) 
E.coli O I 57:H7 and Rif+ Salmonella Agona, Gaminara, 
Michigan, Montevideo, Poona and Typhlmurlum. Ino
culated samples as well as controls were exposed to 
0.79, 1.16 or 2.48 kGy electron beam Irradiation from 
a linear accelerator. Reductions in populations were 
determined by plate counting. Irradiated spinach was 
also stored for 8 days at 4°C and counting was done 
at 2-day intervals to determine if there was any effect 
of irradiation on the survival of both pathogens. 

Results: For E.coli O I 57:H7, the log reduction 
was 4.1, 6.3 and 6.4 log CFU/g when irradiated at 0.79, 
1.16 and 2.48 kGy, respectively. For Salmonella, the log 
reduction was 4.0 at 0.79 kGy. For samples Irradiated 
at 1.16 or 2.48 kGy, Initial counts of 7.3 log CFU/g 
were reduced to below the detection limits (< I 0 
CFU/g). Irradiation did not affect the survival of the 
remaining microorganisms stored over eight days 
(P < 0.05). 

Signi(,cance:These results suggest that electron 
beam Irradiation may be a viable tool for reducing 
microbial populations or eliminating E.coli O I 57:H7 
and Salmonella from fresh bagged spinach. 

Decontamination of Fresh Cut Produce 
by Using a Combination of Ultraviolet 
Light and Hydrogen Peroxide 

CHRISTINA HAJDOCK and Keith Warriner, 
University of Guelph, Dept. of Food Science, 
Guelph, ON NI G 2W I, Canada 

Introduction: Over the last decade there have been 
over 34 foodborne illness outbreaks linked to 
minimally processed vegetables (e.g., lettuce, spinach) 
contaminated with pathogens such as Escherichia coli 
0 I 57:H7 and Salmonella.The microbiological safety of 
fresh produce is compromised by the absence of an 
effective intervention step to inactivate field acquired 
contamination. This is partly due to the limited efficacy 
of sanitizer based washes to inactivate pathogens 
located within the sub-surface tissue of produce. 

Purpose:A produce decontamination method 
has been developed based on using a combination of 
UV and hydrogen peroxide.When hydrogen peroxide 
is activated by UV photons, short lived but highly 
reactive antimicrobial radicals are formed that can 
potentially inactivate pathogens within sub-surface 
structures. 

Methods:The treatment chamber consisted of 
a low pressure 12W UV (254 nm) lamp. Hydrogen 
peroxide was held within a reservoir and delivered 
(480 ml/min) as a fine mist via passage though 3 screen 
filtered nozzle heads with an aperture of I mm Ice
berg lettuce was inoculated by using submersion in 
bacterial suspensions (Salmonella or E. coli O I 57:H7) 
followed by vacuum infiltration to Internalize 
pathogens. 

Results: Optimum log reductions were achieved 
by delivering the hydrogen peroxide spray ( 1.5% v/v 
at 50'C) for 20 s followed by a UV exposure for a 
further 30 s. Surface counts of Salmonella and E. coli 
0 I 57:H7 on lettuce were reduced by 4.12 and 3.87 
log CFU respectively. Log reductions in internal 
counts were 0.8-1.2. In comparison, hypochlorite 

(200 ppm) reduced surface counts by 0.5 log, and no 
decrease in internal pathogen populations occurred. 
No significant changes In the visual appearance, or 
post-treatment recovery of pathogens, occurred with 
treated lettuce stored for 8 days at 4°C. 

Significance: UV:hydrogen peroxide based treat
ment provides an effective alternative to sanitizer
based washes for decontamination of fresh produce. 

T2-05 Inactivation of Escherichia coli O I 57:H7 
Internalized in Leaves of Romaine Lettuce 
and Baby Spinach: Sodium Hypochlorite 
Wash vs. Irradiation 

BRENDAN A. NIEMI RA, USDA-ARS-ERRC, 600 
E. Mermaid Lane,Wyndmoor, PA 19038, USA 

Pathogenic bacteria that are internalized in leaf 
tissues are protected from the antimicrobial effects 
of surface treatments. Ionizing radiation is known to 
penetrate foods, but the efficacy of the process against 
internalized bacteria is unknown. Leaves of romaine 
lettuce and baby spinach were cut into pieces, sub
merged In a cocktail mixture of three isolates of 
Escherichia coli O I 57:H7 and subjected to a vacuum 
perfusion process to force (internalize) the bacterial 
cells Into the intercellular spaces of the leaves.The 
leaves were treated with a 3-min water wash, a 3-mln 
wash with a sodium hypochlorite sanitizing solution 
(300 ppm or 600 ppm), or various doses of ionizing 
radiation (0.25-1.5 kGy). Leaves were stomached to 
recover the internalized cells and survivors enumer
ated.The vacuum perfusion effectively forced bacteria 
into the leaf tissues. For spinach leaf pieces, neither 
water nor either of the sodium hypochlorite washes 
resulted In significant reductions of E.coli O I 57:H7 
cells relative to the untreated control. For romaine 
lettuce leaf pieces, 300 ppm and 600 ppm each pro
duced less than I log reduction, while water wash 
was not effective. Ionizing radiation, in contrast, 
significantly reduced the pathogen population in a 
dose-dependent manner, with reductions of 4 log 
units (romaine lettuce) or 3 log units (spinach) at the 
highest dose tested. The DI O value (the amount of 
Irradiation necessary to reduce the population by 
I log) was higher for E. coll O I 57:H7 cells Internalized 
in spinach leaves (0.45 kGy) than for cells internalized 
in romaine lettuce leaves (0.39 kGy). This study has 
shown that, unlike chemical sanitizers, ionizing radi
ation effectively eliminates Internalized E.coli O I 57:H7 
cells from leafy green vegetables, and that the patho
gen Is significantly less sensitive to radiation in spinach 
leaves than in romaine lettuce leaves. 

T2-06 Concentration and Detection of Salmo
nella in Sprouted Seed Spent Irrigation 
Water Using Micro-filtration Coupled 
with Flow through ELISA 

RACHEL MCEGAN and Keith Warriner, 
University of Guelph, Dept. of Food Science, 
Guelph, ON, N I G 2W I, Canada 

Introduction: Sprouted seeds (alfalfa, bean sprouts) 
have been implicated in over 34 outbreaks of food
borne Illness, principally involving Salmonella.Testing 
spent irrigation water for the presence of pathogens 
has been recommended as a key food safety interven
tion. However, laboratory based screening techniques 
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are time consuming and expensive.A more suitable 
alternative would be the on-site screening of compos
ite water samples taken from sprouting seed beds. 

Purpose:To develop an Integrated pathogen con
centration and detection system that enables rapid 
screening of large volumes (IO liters) of spent 
irrigation water. 

Methods: Salmonella was concentrated from I 0 
liter volumes of water using tangential flow membrane 
filtration (0.2 µm pore size).The retinate was passed 
over a cellulose acetate membrane modified with anti
Salmonella antibody.A secondary antibody enzyme 
(alkaline phosphatase) was reacted with the captured 
Salmonella.Visualization of the secondary antibody 
binding was performed by addition of NBT/BCIP 
enzyme substrate. 

Results:The tangential flow membrane filtration 
step was optimized In terms of flow rate and trans
membrane pressure to enable maximum recovery of 
Salmonella. By using the optimized filtration step It was 
possible to achieve a I 000 fold concentration of 
Salmonella (2 log CFU/ml concentrated to 5 log CFU/ 
ml).The retinate was passed (0.88 ml/min) over the 
antibody modified cellulose acetate membrane and 
reacted with the enzyme conjugate. Upon addition 
of enzyme substrate, a visual color change on the 
membrane could be detected within IO min. In com
parison, negligible color development was observed 
for non-inoculated controls.The total analysis time 
for filtration and detection was less than 3 h. 

Signif,cance:An integrated concentration and 
detection system has been developed for screening 
large volumes of spent irrigation water for the 
presence of pathogens.The system can be readily 
automated for on-site water testing by sprout 
producers. 

Changes in the Levels of Vibrio parahae
molyticus and V. vulnificus during Commer
cial Harvesting of Gulf Coast Oysters 

STEPHENIE L. DRAKE, B.Whitney, A. Chawla, 

R. Beverly, M. Janes,J. Bell,J. Supan and Lee-Ann 
Jaykus, North Carolina State University, Dept. 

Food Science, I 00 Schaub Hall, Campus Box 
7624, Raleigh, NC 27695, USA, 

Introduction: Molluscan shellfish harvesting guide
lines stipulate that oysters must be refrigerated within 
a defined timeframe, which changes seasonally. Even 
the more stringent summer guidelines allow for 
extended time in which oysters are held at ambient 
temperatures, providing an opportunity for bacterial 
proliferation. Despite recent risk assessment exer
cises, there is actually little information about how 
V. parahaemolyticus and V. vulnif,cus levels change during 
commercial harvesting. 

Purpose:The purpose of this study was to char
acterize how extended deck storage of shellstock, 
which frequently occurs during commercial harvesting, 
affects the levels of V. vulnif,cus and V. parahaemolyticus. 

Methods: Oysters were harvested four times at 
3-month Intervals from three separate Louisiana 
coastal locations. Samples were taken at the beginning 
of the harvest (time 0) and then at 2.5, 5.0, 7.5, and I 0 
h intervals after being held on the boat deck during 
harvest. Oyster samples were placed on Ice irnmedi-

89 - Journal of Food Protection Supplement A 

T2-08 

ately after collection and processed for microbiologi
cal analysis within 24 h of collection. V. parahaemolyticus 
and V. vulnif,cus levels were determined by colony lift 
DNA hybridization and representative isolates were 
collected and subjected to phenotypic and genotypic 
analysis.The relationships between V. parahaemolyticus 
and V. vulnif,cus levels, time on boat deck, and season 
were determined by analysis of variance (ANOVA). 

Results:The levels of V. vulnif,cus in oysters 
increased by up to one log over the IO h harvest 
period. Specifically, during the summer season, levels 
averaged about I 02 CFU/g at time 0, and Increased 
to 7 x I 03, 2 x I 04, and 3 x I 04 CFU/g after oysters 
remained on the boat deck for 5, 7.5, and IO h, 
respectively. During the winter, V. vuln/f,cus was non
detectable (<IO CFU/g) In oysters until they had been 
stored on boat deck for 5 or more h, at which point 
the levels increased to I 02 CFU/g.A significant 
increase In V. vulnif,cus levels occurred between 5.0 
and 7.5 h in oysters stored on the boat decks during 
spring and fall season harvests.A similar trend was 
observed for the levels of V. parahaemolyticus in oysters 
during harvest. 

Signif,cance: Comparatively speaking, our data for 
V. vulnif,cus levels exceeds estimates used in recent risk 
assessments, while the data for V. parahaemolyticus 
confirms previously cited estimates.Taken together, 
this study provides information about how levels of 
V. vulnif,cus and V. parahaemolyticus change during 
commercial harvesting of Gulf Coast oysters. 

Incidence of Listeria spp. and Listeria mono
cytogenes in Blue Crab Meat (Callinectus 
sapidus) and Blue Crab Processing Plants 

SIVARANJANI PAGADALA, Thomas Rippen, 
Martin Wiedmann, Mark L.Tamplin, Michael 
Jahncke, Matthew Whittiker, and Salina Parveen, 

University of Maryland Eastern Shore, 2112 
Center for Food Science and Technology, 
Princess Anne, MD 21853, USA 

Listeria species are widely distributed in many 
natural and man-made environments. Epidemiological 
studies performed in recent years have demonstrated 
that L monocytogenes is an important pathogen trans
mitted by food. However, little Information Is available 
about the incidence of Listeria spp. and L monocyto
genes In blue crab meat and crab processing plants 
in Maryland even though crab meat is a Ready-to-Eat 
food and is economically the most important product 
in Maryland's seafood industry. The purpose of this 
study was to determine the incidence of Listeria spp. 
and L monocytogenes in raw crab, finished product 
and environmental sponge samples. Samples were 
collected monthly from seven processing plants in 
Maryland during the crabbing season (May-November 
2006).A total of 272 raw crab, 344 finished product 
and 344 environmental sponge samples were analyzed 
for Listeria spp. and L. monocytogenes by the US Food 
and Drug Administration bacteriological analytical 
method. Presumptive L. monocytogenes was confirmed 
by polymerase chain reaction using the BAX kit. 
Presumptive Listeria spp. were isolated from 19. I% of 
the raw crab, 19.2% of the finished product and 66% 
of the environmental samples. L. monocytogenes was 
isolated from 8.1 % of the raw crab, 0.3% of the 
finished product and 5.8% of the environmental 
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samples.Among the environmental samples, Listeria 
spp. were found mostly in scrap barrels (86%), 
receiving docks (72.1%), raw crab coolers (69.8%), 
tables and gloves (60.5%) and cooked crab trays used 
for holding crabs prior to picking ( 65.1 %). The most 
contaminated environmental sites for L monocytogenes 
were raw crab coolers (20.9%) and receiving docks 
( 13.9%).These results suggest that raw crabs are the 
primary source of L monocytogenes contamination. 

Use of Multiplexed Real-time PCR for 
the Detection of Pathogenic Vibrio 
parahaemolyticus in Oyster Homogenate 

BROOKE M. WHITNEY, Stephenie Drake, and 
Lee-Ann Jaykus, North Carolina State University, 
318 Schaub Hall, Raleigh, NC 27695, USA 

Introduction: Vibrio parahaemolyt/cus (Vp) Is a ubi
quitous marine-dwelling bacterium that causes gastro
enteritis and is of particular concern when raw shell
fish are consumed. The presence of the thermostable 
direct hemolysin {tdh) gene and the thermostable 
direct hemolysin-related (trh) gene have been linked 
to pathogenic Vp strains. However, strains possessing 
these genes make up only a small fraction of the 
overallVp population in the marine environment. 

Purpose:The purpose of this study was to screen 
oyster homogenate enrichments for the presence of 
the tdh and trh genes and subsequently to isolate 
pathogenic Vp strains. 

Methods: Oyster samples were harvested from 
three separate Louisiana Gulf Coast locations over a 
12-month period during four sampling seasons spaced 
approximately 3 months apart. Cultural enrichments 
done on IO g of oyster homogenate with overnight 
incubation at 37'C were tested for the presence of 
tdh, trh, and the thermolabile direct hemolysin {tlh) 
gene by use of a multiplexed real-time PCR assay with 
an internal amplification control. Enrichments positive 
for the tdh and/or trh genes were plated and a colony 
lift hybridization was performed to isolate pathogenic 
Vp strains. 

Resu/ts:The gene targets associated with patho
geniclty (tdh and/or trh) were detected by real-time 
PCR in 16.7,58.9,56.7 and 40.0% of the 10 g oyster 
homogenate enrichments during the winter,spring, 
summer and fall seasons, respectively. During seasons 
in which water temperatures and Vp levels were 
highest (spring and summer), no pathogenic isolates 
were obtained by colony lift hybridization. During the 
winter sampling season, three pathogenic isolates 
were obtained, while in the fall sampling season, one 
isolate was obtained. 

Signi(,cance; Despite the apparent presence of 
pathogenic Vp strains during all seasons, their isolation 
is complicated.We hypothesize that these pathogenic 
strains may be poor competitors, particularly in the 
presence of high numbers of non-pathogenic Vp strains. 
Further work is in progress to test this hypothesis. 

T2-1 0 The Effect of Salt, Smoke Compound 
and Storage Temperature on the Growth 
of Listeria monocytogenes in Simulated 
Smoked Salmon 
CHENG-AN HWANG, USDA-ARS-ERRC, 600 
E. Mermaid Lane,Wyndmoor, PA 19038, USA 
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Smoked salmon can be contaminated with Listeria 
monocytogenes. It Is Important to develop effective 
control measures by identifying factors that would 
control L monocytogenes growth in smoked salmon. 
The purpose of this study was to evaluate the effect 
of salt, a liquid smoke, storage temperature and their 
interactions on L monocytogenes growth in simulated 
smoked salmon.A 6-strain mixture of L monocytogenes 
( I 02

- I 03 CFU/g) was inoculated into cooked salmon 
containing 0-10% NaCl and 0-0.4% liquid smoke 
(0-34 ppm phenol), and the samples were stored 
at temperatures ranging from Oto 25'C. Lag phase 
duration {LPD, h),growth rate (GR, log CFU/h) and 
maximum population density (MPD, log CFU/g) of 
L monocytogenes in salmon as affected by the concen
trations of salt and phenol, storage temperature and 
their Interactions were analyzed. Results showed that 
L monocytogenes was able to grow in salmon contain
ing the concentrations of salt and phenol commonly 
found in smoked salmon at the prevailing storage 
temperatures.The growth of L monocytogenes was 
affected significantly (P < 0.0 I) by salt, phenol, storage 
temperature and their interactions. Higher levels of 
salt or lower storage temperatures extended the LPD 
and reduced the GR. Higher levels of phenol extended 
the LPD of L monocytogenes, particularly at lower 
storage temperatures. However, Its effect on reducing 
the GR of L monocytogenes was observed only at 
higher salt concentrations (> 6%) at refrigerated and 
mild abuse temperatures (< I 0'C). The MPD, which 
generally reached 7-8 log CFU/g in salmon that 
supported L monocytogenes growth, was not affected 
by the salt, phenol and storage temperature. The data 
from this study would be useful for estimating the 
behavior of L monocytogenes in smoked salmon. 

Use of Antimicrobial Packaging Films and 
Edible Coatings to Control the Growth of 
Listeria monocytogenes on Cold-smoked 
Salmon 

HUDM NEETOO, MuYe,and Haiqiang Chen, 
University of Delaware,Anlmal and Food 
Sciences Dept., 044 Townsend Hall, 531 South 
College Ave., Newark, DE 19716, USA 

lntroduction:The relatively high incidence of 
Listeria monocytogenes (6-36%) in cold smoked salmon 
(CSS) is of concern as CSS is a Ready-to-Eat product. 
No post-processing measures are currently available 
to control this pathogen in CSS. 

Purpose:The objectives of this study were to (a) 
screen binary combinations of nisin with individual 
GRAS preservatives incorporated in antimicrobial 
packaging films and edible coatings to control the 
growth of L monocytogenes on CSS and (b) evaluate 
the efficacy of tertiary combinations Incorporating 
nisin with the two most effective preservatives at 
low and high concentrations. 

Methods; Slices of CSS were surface-inoculated 
with a five-strain cocktail of L monocytogenes to a final 
density of 5-log CFU/cm2

• Samples were either pack
aged in antimicrobial packaging films {LDPE film 
coated with different antimicrobials) or coated with 
antimicrobial-containing edible solutions. Nisln alone 
(500 IU/cm2) and the following different binary comb
inations of antimicrobials were incorporated Into 
plastic films and edible coatings: nisin with sodium 
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diacetate (0.25%), sodium lactate (0.3%), sodium ben
zoate (0.1 %), or potassium sorbate (0.3%). Combina
tions of nlsin with the two most effective preserva
tives, sodium benzoate and potassium sorbate, were 
subsequently studied. Samples were stored at room 
temperature for IO days and enumerated for L mono
cytogenes every 2 days. 

Results:After IO days of storage, L monocytogenes 
populations on all treated slices were ca. 0.2-3.1 and 
0.7-3.6 log CFU/cm2 lower than on control samples 
for antimicrobial packaging films and edible coatings, 
respectively. Combinations of nisin, potassium sorbate 
and sodium benzoate were the most effective against 
L. monocytogenes for antimicrobial packaging films and 
edible coatings. In addition, edible coatings had higher 
inhibitory effect than the corresponding packaging 
films, although the difference was not statistically 
significant (P > 0.05). 

Significance:This research demonstrates the 
potential for using packaging films and edible coatings 
incorporating potassium sorbate and sodium benzoate 
to enhance the antilisterial effectiveness of nisin on 
css. 

Spoilage and Shelf Life of Refrigerated 
Reduced Oxygen Packaged Atlantic 
Croaker (Micropogonias undulatus) 

COURTNEY RHEINHART,Joseph Eifert, 
Michael Jahncke, and Susan Sumner,Virginia Tech, 
Dept. of Food Science and Technology, 22 Food 
Science and Technology Bldg., Blacksburg,VA 
24061, USA 

Introduction: Recently, alternative ways of leng
thening the shelf life of fresh fish products have been 
investigated; one of the most notable is the use of 
vacuum packaging. The FDA has mandated that 
refrigerated fishery products be packaged in film 
providing an oxygen transmission rate (OTR) of 
I 0,000 cc/m2/24 h in order to allow microbial spoilage 
before possible C/ostridium botulinum toxin develop
ment.Additional research is needed, however, to 
determine if films with lower OTRs can increase the 
shelf life of fresh fish products without increasing 
safety risks from possible toxin formation from 
C/ostrldium botulinum. 

Purpose:The purpose of this study was to deter
mine the effects of storage temperature and film OTR 
on microbial spoilage and sensory spoilage for refrig
erated raw vacuum packaged croaker fillets. 

Methods: Raw croaker fillets were vacuum 
packaged in oxygen-permeable films (OTR of I 0,000 
cc/m2/24 h or 3,000 cc/m2/24 h) and stored at either 
4'C or I 0'C. For the microbial shelf-life study, psych
rotrophic plate counts were determined for up to 12 
days storage; spoilage was defined as I 07 CFU/g. For 
the sensory shelf-life study, the odor difference was 
compared with a control sample, and spoilage was 
defined as a score of 3 or more. 

Results: For both microbial and sensory spoilage, 
the interaction between temperature and rate of 
spoilage was statistically significant (P < 0.05). For 
example, shelf life of the fish was Increased by 4 days 
when stored at 4'C versus I0'C. For both microbial 
and sensory spoilage the main effects offilm OTR 
were not statistically significant (P > 0.05). 
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Significance:These data suggest that the rate of 
microbial and sensory spoilage of croaker fillets is 
significantly affected by storage temperature, but 
microbial and sensory spoilage may not be significantly 
affected by film OTR. 

TJ-0 I Adhesion Forces of Listeria monocyto
genes Scott A Biofilms Exposed to Sur
factant Micellar-encapsulated Eugenol 
and Carvacrol Solutions as Measured by 
Atomic Force Microscopy 

Dario Perez-Conesa,Andres Rodriguez,Jochen 
Weiss, and LYNNEA. MCLANDSBOROUGH, 
University of Massachusetts, Dept. of Food 
Science, Chenoweth Laboratory, I 00 
Holdsworth Way, Amherst, MA 0 I 003, USA 

Introduction: Listeria monocytogenes is an important 
foodborne pathogen that can form biofilms that are 
more resistant to disinfectants than planktonic cells. 

Purpose:The purpose of this study was to mea
sure the adhesion forces of a silicon Atomic Force 
Microscopy (AFM) cantilever interacting with L mono
cytogenes biofilms before and after treatment with 
micellar-encapsulated essential oils. 

Methods: Biofilms of L monocytogenes Scott A 
were grown on stainless steel coupons in a CDC 
biofilm reactor at 32'C for 48 h, Coupons containing 
biofllms were placed in treatment solutions (0.9% 
eugenol- or 0.7 % carvacrol-loaded Surfynol® sur
factant micelles) or water for 2 min, followed by 
washing in phosphate buffered saline (PBS).After 
treatment, biofilms were air dried for 60 min before 
imaging with a Veeco CP-11 AFM with a Multi 75AI 
cantilever In contact mode with a spring constant of 
3 N/m and a scan rate of I Hz using 256 samples per 
line. Data was evaluated using one-way analysis of 
variance (AN OVA, SigmaStat I 0.0). 

Results: High-resolution images of biofilms were 
obtained using atomic force microscopy (AFM). Force
distance curves between the tip of the cantilever and 
the surface of the biofilm showed that the adhesion 
forces measured were significantly (P < 0.05) lower 
after antimicrobial treatment.The average adhesion 
forces observed after eugenol and carvacrol treat
ment was -23.00 and -24.54 nN, respectively, while 
the average measured adhesion force of non-treated 
biofilms was -64.48 nN.The distribution of adhesion 
forces measured varied greatly prior to treatment 
(0 to -160 nN); however, after treatment with both 
eugenol and carvacrol, all pull off events were under 
-60 nN. 

Significance:Treatment with antimicrobial-loaded 
surfactant micelles leads to a modification of the 
physical surface of L monocytogenes biofilms, possibly 
due to adsorption of surfactant, diffusion of antimicro
bial into the biofilms or removal of extracellular 
polymeric substances surrounding cellular surfaces. 

TJ-02 Oregano Essential Oil: A Potential Food 
Industry Disinfectant 

A. S. Gounadaki, P. N. Skandamis, E. Drosinos, 
and GEORGE-JOHN E. NYCHAS,Agricultural 
University Athens, Lab of Microbiology & 
Biotechnology of Foods, 75, lera Odos str, 
Athens,Attiki 11855, Greece 
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Introduction: Surfaces and equipment used for 
food handling and processing are recognized as 
sources of microbial contamination and recontamina
tion, particularly when many food pathogenic and 
spoilage bacteria are known to remain viable even 
after cleaning and disinfection. Moreover, blofllm 
formation and bacterial resistance to disinfectants 
have imposed a strong selective pressure for disinfec
tants within the food industry. 

Purpose:The purpose of this study was to eval
uate the ability of a natural antimicrobial agent (water 
soluble fractions of oregano essential oil) and a 
chemical (commercial) disinfectant to sanitize (a) the 
environment (cold rooms), (b) the equipment (tables, 
stuffing and mincing machines) and (c) the utensils 
(knives) of a meat processing plant. 

Methods:The efficacy of the two tested disinfec
tants was assessed by swabbing a delimited surface 
area before cleaning, after cleaning and after disinfec
tion, according to the routine cleaning/sanitation 
program of the food processing plant. Following these 
steps, microbiological testing was carried out on 
the swabbed surfaces. Differences In the number 
of bacteria remaining on the surfaces after each 
particular treatment were compared by ANOVA. 

Results: Sanitation was effective in the following 
order: stuffing machine > mincing machine > cutting 
machine > knives. The microbial populations of yeasts/ 
molds, and pseudomonads exhibited similar sensitivity 
to the two tested disinfectants.When treated with 
the natural agent, Enterobaeteriaceae were reduced 
to below the detection limit on knives and cutting 
machine, in contrast to results with chemical treat
ment. Conversely, the use of chemical disinfectant 
on all tested equipment surfaces was slightly more 
effective against microbial populations of lactic acid 
bacteria and staphylococci, compared to the natural 
antimicrobial agent. 

Signiffcance: Our results suggest that natural 
antimicrobial agents may be equally effective for sani
tation purposes as the currently used chemical ones. 

TJ-03 Fate of Escherichia coli O I 57:H7 When 
Exposed to Sub-lethal and Lethal Concen
trations of Common Industrial Sanitizers 

KRISTEN A. HUNT, S. J. Goodfellow, and R. L. 
West, Deibel Laboratories, Inc., 3530 N.VV. 97th 
Blvd., Gainesville, FL 32606-7322, USA 

Introduction: Escherichia coli O I 57:H7, a familiar 
foe of the food industry, is capable of surviving hostile 
and harsh environments, which can result in contami
nation of food or in food borne illness or outbreak. 
As the majority of the responsibility to provide a 
safe product falls on the food industry, it is essential 
to maintain an effective sanitation program. 

Purpose:The purpose of this study was to eval
uate the ability of E.coli O I 57:H7 to survive and adapt 
to the chemical stress of sanitizers common in the 
food industry. 

Methods: Planktonic and adherent isolates from 
E.coli O I 57:H7 ATCC 700599 and Escherichia coli 
0 I 57:H7 FSIS 063-93 were exposed to a chlorine, an 
iodophor, a quaternary ammonium and a peroxyacetic 
acid compound at room temperature for five min for 
three consecutive days. Cells were recovered on 

violet red bile agar and their minimum inhibitory 
concentration (MIC) was reassessed. Mean log kill for 
each strain and sanitizer for planktonic and adherent 
bacterial cells was analyzed using SAS. 

Results:There were statistically significant diff
erences (P < 0.05) In the ability of the sanitizers to 
effectively reduce bacterial counts for both planktonic 
(> 5 log) and adherent (> 3 log) cells for both E. coll 
strains.The iodophor compound was the only sani
tizer found to be effective on both planktonic and 
adherent bacterial Isolates.Additionally, methodology 
was found to be important, as lack of recovery by 
plate count methodology did not correlate with 
death of the organism (growth in Lauryl Sulfate 
broth measured at 580 nm). 

Signjffcance:These data stress the importance of 
proper cleaning and sanitation procedures in the food 
industry and suggest that methodology for recovery 
of bacteria is important. 

TJ-04 Chlorine Sensitivity of Feline Calicivirus, 
a Surrogate of Norovirus 

HIROSHI URAKAMI, Kumiko lkarashi, 
Ko Okamoto,Yukari Abe, Tamami lkarashi, 
Takeshi Kono,Yukifumi Konagaya, and Nobumasa 
Tanaka, Niigata University of Pharmacy and 
Applied Life Sciences (NUPALS), College of 
Applied Life Sciences and School of Pharmacy, 
265-1 Higashijima, Niigata 956-8603,Japan 

lntroduction:Though chlorine disinfectants are 
thought to be effective for norovirus, recommended 
concentration is usually higher than I 00 ppm. On the 
other hand, several outbreaks caused by drinking and 
recreational water were associated with failure of 
chlorination, the regulations and the standards of 
which are not higher than 5 ppm. Because of lack of 
the infection systems for norovirus, most of the 
studies that Indicate chlorine sensitivity were done by 
using surrogates, such as feline calicivirus (FCV). 

Purpose:The chlorine sensitivity of FCV was 
reevaluated by changing chlorine demand of the 
mixture in which FCV was treated with the disinfec
tant. 

Methods: FCV was propagated in Crandell feline 
kidney cells and collected by differential centrifugation 
(crude FCV) followed by partial purification by 
centrifugation on 25% sucrose cushion. These 
fractions were treated with various concentrations 
of sodium hypochlorite. 

Results:Apparent sensitivity of the crude FCV 
depended on the volume of reaction mixture and the 
reduction of host cell debris. lnfectivity of the partially 
purified FCV was reduced by more than 4.6 log 
by 5 min treatment with 0.3 ppm free chlorine. 

Signif,cance:The results indicated a higher 
sensitivity of FCV to free chlorine than has been 
previously reported. If chlorine sensitivity of norovirus 
is similar to that of FCY, I ppm of free chlorine should 
be sufficient to control norovirus.This suggests that 
the regulations and the standards of chlorine con
centration may be effective in circumstances with low 
chlorine demand, such as drinking and recreational 
water. 
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Sensitivity of Escherichia albertil 
to Food Preservation Treatments 

MANAN SHARMA, Kalmia E. Kniel,Alexandra 
Derevianko, Jason Ling, and Arv ind A. Bhagwat, 
Food Technology and Safety Laboratory, USDA
ARS-BARC-EAST, Bldg. 20 I, I 0300 Baltimore 
Ave., Beltsville, MD 20705, USA 

Introduction: Escherichia albertil is a potential 
foodborne pathogen because of its ability to cause 
diarrheal disease in humans. E. albertii may be mis
characterized as E. coli O I 57:H7 because of their 
similar appearance on selective media. 

Purpose:The sensitivity of E. albertii to food 
preservation treatments - heat, acid and pressure -
was determined. 

Methods: Five strains of E. albertii (9194, I 0457, 
I 0790, 12502, and 19982), wild-type E.coli O I 57:H7, 
rpoS-deficient E.coli O I 57:H7, Shigella boydii, and S. 
flexneri were individually exposed to heat (56°C), acid 
(pH 3.0, 2 h at 37°C), and hydrostatic pressure (500 
MPa, 5 min at 22°C), Populations of strains were 
recovered on TSA and significance (P < 0.05) of 
differences in D56'c values and in populations exposed 
to acid and pressure were calculated. 

Results: D56'c values of S. boydii and wild-type 
E.coli O I 57:H7 were significantly greater than those 
of all other strains. D56·c values of E. albertii strains 
I 0457 and 19982 were significantly greater than those 
of strains 9194, I 0790, and 12502.Wild-type E.coli 
O I 57:H7 and Shigella spp. had greater acid tolerances 
than all E. albertii strains. Strains 9194, I 0790, and 
12502 displayed greater acid tolerance than strains 
I 0457 and 12502.After 5 min of pressure treatment, 
cells of wild-type E.coli O I 57:H7 and S. flexneri were 
significantly more tolerant than those of E. albertii 
strains. Strain 19982 had a significantly higher pressure 
tolerance than strain 12052. For all treatments, no 
strain of E. albertii was more tolerant than wild-type 
E.coli O I 57:H7, but all strains showed significantly 
greater acid tolerance than rpoS-deficient E. coli 
O157:H7. 

Signiffcance:This study is the first to report the 
sensitivities of E. albertii to food preservation treat
ments. It suggests that there is diversity In the sen
sitivities of E. albertli strains to these treatments, but 
none were less sensitive than wild-type £ coli O 157:H7. 

On the Role of Colicin EI against Gram
positive Bacteria 

BRENDA S. PATTON, Sara Cutler, Steven 
M. Lonergan, James S. Dickson, and Chad 
H. Stahl, Iowa State University, 2293 Kildee 
Hall, Ames, IA 500 I I, USA 

Colicins are a class of gram-negative bacteriocins 
produced by, and effective against, Escherichia coli and 
closely related species. Colicin EI (ColE I) is com
posed of three functional domains, which collectively 
cause a pore-forming effect on targeted bacteria. 
The binding and translocation of Co IE I into targeted 
gram-negative bacteria is highly receptor-specific and 
coordinated; however, the pore-forming activity on 
the bacterial membrane is less specific.The primary 
purpose of this study was to investigate the effective
ness of ColE I against Listeria monocytogenes, a gram-
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positive, foodborne pathogen. Individual strains of 
L. monocytogenes were examined in TSB containing 0, 
0.1, I, or IO µg ColE I .While strain differences in 
sensitivity to ColE I existed, growth was significantly 
reduced In all strains at the 0.1 µg/ml dose. In an 
effort to deduce the mechanism of ColE I against 
L. monocytogenes, the most susceptible L. monocyto
genes strains from the in-vitro study were subjected 
to flow cytometric analysis in comparison to E. coli 
K-12, an extremely ColE I -susceptible strain. Bacteria 
were grown to ~ 4 log CFU/ml and incubated with 
either 0.1 or I µg/ml ColE I. Scanning measurements 
were conducted at 0, 30 and 60 min post-Co IE I treat
ment by use of DiBAC4(3), a membrane potential
sensitive probe. ColE I caused similar membrane
depolarizing effects in E.coli and L monocytogenes, 
implying analogous pore formation in the two bacteria. 
Binding and movement of ColE I within cells were 
visualized using immunegold labeling and transmission 
electron microscopy.To elucidate possible ColEI 
receptors within L monocytogenes aiding in ColE I 
activity, bacterial lysates were separated using 12% 
SDS-PAGE and transferred to PVDF-membranes. 
Biotinylated ColE I was over laid on membranes after 
blocking, and blots were detected using streptavidin
hp. Two distinct proteins (M.VV. = 65, 40kD) were 
detected in the L monocytogenes lysate, uncovering 
proteins within L monocytogenes that ColE I has high 
affinity for. Characterization of these proteins will aid 
in understanding the mechanism of ColE I in gram
positive bacteria. 

Incidence of Contaminating Microbial 
Species throughout Manufacture and 
Ripening of Sao Jorge -A Portuguese 
Traditional Cheese from Raw Milk 

J. MARCELINO KONGO and F. Xavier Malcata, 
University of Azores, Rua da Mae de Deus, 
Ponta Delgada,Azores 9501-80 I, Portugal 

Introduction: Prerequisites for good, safe and 
appealing dairy products include cow milk of high 
microbiological and chemical quality. Sao Jorge, an 
Appelation d'Origine Controlee cheese, is manufac
tured from raw milk, in small dairy farms scattered 
thoughout the islands of Azores (Portugal),This 
cheese accounts for 51 % of the whole production 
of traditional cheeses In Portugal, and has already 
found an important market in the USA and Canada. 

Purpose: In order to ascertain the sanitary 
conditions prevailing during manufacturing, levels 
of contaminating bacteria were assessed in 70 raw 
milk samples and in 70 cheese samples, as well as 
on working surfaces of 7 certified dairy plants. An 
inspection checklist for food safety and sanitation 
(consisting of 15 checkpoints, related to sanitation 
control of facilities and equipment, as well as personal 
hygiene) was also used in the assessment of all dairy 
plants. 

Methods: Microbiological analyses Included 
the determination of total viable counts ( on PCA 
medium),as well as viable counts of Salmonella (on 
Salmonella chromogenic agar medium), Enterobacteri
aceae (onVRBGA medium) and Mlcrococcaceae (on 
MSA medlum).APl20 and APIStaph were subsequently 
used for identification of Enterobacterlaceae and 
Micrococcaceae organisms. 
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Results:Total and Enterobacteriaceae viable counts 
ranged from 6-8 log CFU/ml and 5-6 log CFU/ml, 
respectively, in raw milk, whereas they ranged from 
7-8 log CFU/g and 0-2 log CFU/g, respectively, In 
4-month old cheeses. No Salmonella spp. was detected 
in any samples. Micrococcaceae viable counts ranged 
from 5-6 log CFU/ml and 3-4 log CFU/g, In raw milk 
and 4-month old cheeses, respectively. Enterobacteri
aceae organisms were identified as Klebsiella oxytoca 
(24% of isolates), Klebsie/la cloacae, Klebsie/la pneu
moniae, Enterobacter sakazakii ( 18% each), and Esch
erichia coli (6%).Two species, Klebsie/la ornithinolytica 
and Klebsie/la terrigena, were detected only in raw milk. 
Among Micrococcaceae, Staphylococcus sciurl was the 
most common (29% of isolates), followed by Staphylo
coccus epidermidis (26%) and Staphylococcus aureus 
(5%), whereas Staphylococcus saprophyticus (2%) was 
found only in 4-month-old cheeses. 

Significance:The high counts of Enterobacteriaceae 
in cheese and the presence of S. aureus in raw milk 
reveals poor milk-handling conditions; the latter 
organism was also detected on surfaces of 5 out of 
7 dairy plants. The results from the checklist support 
the need for improving sanitation in dairy facilities 
and equipment. In general, inappropriate or insufficient 
hand-washing facilities were observed, and good water 
supply and educated workers were absent. HACCP 
programs are thus urged for essentially all dairy farms 
in that region. 

TJ-08 Cleaning Validation for Allergen Removal: 
Food Factory Case Studies 

Helen E. Arrowsmith, D. L. Smith, J. T. HOLAH, 
and H. M. Brown, Campden and Chorleywood 
Food Research Association Group, Biochemistry 
Section, Chemistry and Biochemistry Dept., 
Chipping Campden, Gloucestershire GLSS 6LD, 
UK 

Introduction: Food manufacturers have a duty of 
care to either minimize the likelihood of cross contam
ination with allergens or to warn consumers if pro
ducts may contain allergens.Validation of cleaning 
regimes is required where HACCP plans identify 
cleaning as a critical control to ensure adequate 
removal of allergens.To examine the efficacy of 
cleaning regimes, testing can be performed on final 
products and environmental swabs using allergen 
detection tests, such as enzyme-linked immuno
sorbent assays (ELISAs). 

Purpose:The aim of this work was to demon
strate how validation of cleaning regimes can be 
conducted by use of allergen detection tests in food 
factories. 

Methods: Case studies were conducted in food 
factories where clean-in-place (CIP) and an open 
conveyor belt system were cleaned to remove aller
gens. Samples, in the form of environmental swabs 
(e.g., from conveyor belts, balances, trays, filler nozzles 
and balance tanks), rinse waters and products were 
taken following manufacture of a product known to 
contain an allergen; after the normal cleaning regime 
for the factory; and during a subsequent run of non
allergen containing product.The samples were tested 
by use of commercially available test kits for detection 
of allergenic ingredients (Neogen,Tepnel, and ELISA 

Systems), hygiene tests (ATP and protein, Biotrace) 
and a general protein assay (Pierce) where appropri
ate. 

Results:Tests to ensure that the allergen detec
tion kits were able to detect the allergen where It 
was known to be present were positive. Cleaning was 
shown to decrease environmental levels of allergen, 
although traces of allergen remained in some 
instances. No cross contamination was detected In 
non-allergen products manufactured following a run 
of allergen containing product, after a clean had taken 
place. 

Significance:Validation of cleaning regimes for 
allergen removal has been demonstrated in CIP and 
open conveyor-belt systems. Comparisons were made 
between allergen detection kits and routine factory 
hygiene assessments. 

TJ-09 Effect of Cleaning Fluids on Detection 
of Allergens 

Helen E.Arrowsmith, D. L. Smith,J. T. HOLAH, 
and H. M. Brown, Campden and Chorleywood 
Food Research Association Group, Biochemistry 
Section, Chemistry and Biochemistry Dept., 
Campden and Chorleywood Food Research 
Association Group, Chipping Campden, 
Gloucestershire GLSS 6LD, UK 

lntroductlon:Validation of cleaning regimes and 
laundry processes are two ways of demonstrating that 
adequate controls are In place to manage allergens 
in food processing environments.Allergen detection 
tests, such as enzyme-linked immunosorbent assays 
(ELISAs), can be used as part of this; however, the 
effect of cleaning fluids on the performance of these 
tests is unknown. 

Purpose:The aim of this work was to determine 
whether cleaning fluids commonly used in food 
manufacturing environments affect the ability of ELISA 
tests to detect allergens.Work was also carried out 
to test whether allergen residues remain on clothing 
following laundering, and if garments contaminated 
with allergens could contaminate garments from 
allergen-free areas in the laundry. 

Methods: Commercially available test kits for 
detection of allergenic ingredients (Neogen, R-Bio
pharm,Tepnel, and ELISA Systems) and a general 
protein assay (Pierce) were tested with cleaning fluids 
at different strengths (i.e., working concentration and 
I/ I 00 (v/v) dilution of the working concentration), and 
in factory case studies. Overalls at different stages of 
laundering were obtained from food manufacturers 
and tested for allergen residues. 

Results: False positive and negative results were 
detected when specific test kits were used with 
particular cleaning fluids at different levels and in 
factory trials. However, no one test was influenced 
by all the cleaning fluids, nor did one cleaning fluid 
influence results of all the tests. Following laundering, 
allergen residues were removed from overalls, and 
no cross contamination with "dirty" overalls was 
observed in the factory case studies conducted. 

Significance: The potential effect of cleaning fluids 
on the results of ELISA tests for allergens should be 
taken into account when testing rinse waters and 
swab solutions from the food factory environment. 
Testing of protective clothing for allergen residues 
following laundering should be considered as part of 

Journal of Food Protection Supplement A -- 94 
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the validation of allergen control measures in food 
factories. 

TJ-1 0 Sandwich ELISA for the Detection of 
Bovine Blood in Animal Feedstuffs 

YUN-HWA P. HSIEH and Jack A. Ofori, Florida 
State University, 420 Sandels Bldg., Dept. of 
Nutrition, Food & Exercise Sciences,Tallahassee, 

FL 32306-1493, USA 

lntroduction:The feeding of ruminant proteins to 
ruminants is prohibited in most countries because the 
practice is thought to be responsible for the spread 
of fatal bovine prion diseases. However, currently 
available methods to detect ruminant blood products 
in heat-processed food and rendered feedstuffs are 
inadequate because they lack species specificity, and 
tissue specificity and because they are not based on 
a thermo-stable analyte. 

Purpose:The objective of this study was to dev
elop a sensitive and reliable sandwich enzyme-linked 
immunosorbent assay (ELISA) to detect bovine blood 
in rendered animal byproducts. 

Methods:Adulterated samples were prepared by 
mixing bovine blood with porcine blood, and mixing 
spray-dried bovine plasma or whole bovine blood 
powder separately with spray-dried porcine plasma at 
0%-10% adulteration levels.The liquid blood mixtures 
were subjected to sterilization ( 121 'C for 15 min) or 
heating in a boiling water bath ( 15 min). Soluble 
proteins were extracted in IO mM PBS from above 
samples for ELISA analysis.The sandwich ELISA 
employs monoclonal antibody (MAb) 6G 12 as the 
capture antibody and biotinylated MAb 3D6 as the 
detecting antibody. Both MAbs recognize a 60 kDa 
thermo-stable protein in bovine blood. 

Results:The sandwich ELISA Is bovine specific and 
blood specific.The detection limit for the assay was 
0.05% (v/v) for both autoclaved and cooked bovine 
blood in porcine blood samples. The detection limit 
was 0.1 % (w/w) for spray-dried bovine plasma In 
spray-dried porcine plasma, and 0.5% (w/w) for whole 
bovine blood powder in spray-dried porcine plasma. 
The assay has an overall accuracy of I 00%, and an 
overall variability of 1.28%. 

Signi(,cance:This study reports the first MAb
based assay for the sensitive and reliable detection 
of bovine blood in both heat-processed feedstuffs 
and unprocessed raw materials, providing a useful 
regulatory tool for monitoring fraudulent labeling or 
contamination with bovine blood in a wide range of 
products. 

TJ-1 I Pesticides Determination in Three Fruit
based Baby Foods Using Different Extrac
tion Methods and Gas Chromatography 

Alexandros Theos, PANAGIOTIS GEORGAKO

POULOS, Eleftherios H. Droslnos, and 
Panagiotis N. Skandamis,Agricultural University 

of Athens, Dept. of Food Science & Technology, 
Lab. of Food Hygiene and Quality Control, I era 

Odos 75,Athens,Votanikos 118 55, Greece 

Introduction: Pesticide residues represent one of 
the most important chemical contaminants In fruits 
and their processed products, including baby foods. 
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Maximum residue limits (MRLs) in baby foods, which 
are considered complex matrices, are extremely low 
(s 0.0 I mg/kg). Thus, there is Intensive demand for 
further and reliable monitoring of pesticides at low 
levels, in products with such high (chemical) safety 
standards. 

Purpose:To comparatively evaluate the matrix 
effects on the recovery of organophosphorus pesti
cides from non fatty baby foods as obtained with 
three rapid and relatively inexpensive extraction 
methods. 

Methods: Fruit-based ready to eat baby food 
matrices (fruit juice: matrix I, fruits puree: matrix2, 
fruit cocktail+rice flour/starch+sugar: matrix3) were 
fortified with indicative levels (0.3, 0.1 and 0.0 I mg/kg) 
of dimethoate, methamidophos, chlorpyrifos, methi
dathion and phosalone. Samples were prepared in 
triplicate by three extraction methods (ethyl acetate, 
acetone partition and dichloromethane) and analyzed 
by gas chromatography with nitrogen-phosphorus 
detector (GC-NPD). Recoveries were estimated 
by a single point determination (in comparison with 
solvent standards) and results were analyzed by 
3-way ANOVA. 

Results: Pesticides recoveries were affected 
(P < 0.05) by both the matrices and the extraction 
method.Approximately, the mean recoveries of all 
analytes were In the following decreasing order of 
matrices (ranges refer to ethyl acetate, dichloro
methane and acetone partition method, respectively): 
matrix2 (26.4-117. 9%, 50.1-183.0%, 33.5 206.0%) 
>matrix I (44.3-76.3%, 42.2-99.6%, 51.4-142.9%)> 
>matrix3 (28.2-66.0%, 29.0-165.3%, 23.1-133.0%). 
Likewise, the examined methods may be ranked based 
on the extraction ability and analytes recoveries as 
follows: acetone partition>dichloromethane >>ethyl 
acetate. Ethyl acetate extracts showed large amounts 
of lipophilic compounds and integratable peaks of the 
polar methamidophos. 

Signi(,cance:The data suggest that the more 
complex the formulation of baby food, the lower the 
pesticides recoveries.Therefore, the monitoring of 
pesticides In baby foods should be very careful, 
especially since underestimation of actual pesticides 
content seems inevitable under conventional methods 
and practices. 

TJ-12 Quantification of Mycotoxins Deoxyni
valenol, Masked Deoxynivalenol and 
Fusarium graminearum Pigment in Wheat 
and Rice Samples Using a New LC-UV/ 
MS Method 

JAMES J. SASANYA, C. Hall, and C. Wolf-Hall, 
Great Plains Institute of Food Safety, North 
Dakota State Universlty,Van Es Hall, 1523 
Centennial Blvd., Fargo, ND 58105, USA 

lntroductlon:Tolerable limits set for deoxyni
valenol (DON) do not consider DON conjugates 
such as deoxynivalenol-3-glucoslde (D3G), which 
exists in cereals.These conjugates are metabolized 
to DON. Such masked mycotoxlns and Fusarium 
gramlnearum pigments, such as the toxic aurofusarln 
reported In cereals, are not routinely analyzed. 
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Purpose: To quantify DON, D3G and the red 
Fusarium pigment in grain or grain cultures using a 
new liquid chromatography (LC) - mass spectrometry 
(MS) method.We also assessed extraction protocols 
to optimize analysis. 

Methods: A two-way factorial on a randomized 
complete block was used to compare protocols: 
centrifugation and shaking using methanol: methylene 
chloride or acetonitrile: water (84: 16 v/v). Wheat and 
rice samples were extracted with solvent filtered over 
C 18 packing material and analyzed using LC-UV/MS. 
A C 18 column using an isocratic mobile phase of 70% 
methanol was used to separate analytes.A UV detect
or and ESI in scan mode were the detection methods. 
Method validation included limit of detection (LOO) 
and limit of quantification (LOQ). 

Results: The average DON was 3.4 mg/kg (± 4) 
in field wheat and 15.2 mg/kg (± 41) in rice culture. 
Deoxynlvalenol-3-glucoside averaged 3.8 mg/kg 
(± 8.26) in field wheat samples and 5.4 mg/kg(± 8.6) 
in cultured rice. Neither DON nor D3G were 
observed In wheat cultures. Pigments averaged 
3,109.6 mg/kg(± 3,714.0) in field wheat but were 
higher In wheat cultures (42,208.0 mg/kg± 256,260.0) 
and rice cultures (7, I 15.8 mg/kg ± 12,575.0). Recover
ies were 96% (DON) and 70% (D3G), while LODs 
were I ng/ml (MS), 10 ng/ml (UV) and LOQs were 
0.00 I mg/kg (UV), < 0.00 I mg/kg (MS). Centrifugation 
with methanol: methylene chloride yielded more 
myco-toxins than shaking with acetonitrile: water. 

Significance: This LC-UV/MS method demon
strates the presence of masked mycotoxins in foods. 
Common analytical tools can be used to quantify 
masked and parent mycotoxins as well as toxic 
pigments for risk assessment. 

A Comparative Analysis of the Effect 
of Pasteurization and High-pressure 
Processing on the Stability and 
lnfectivity of Bovine Rotavirus 
DAYNA L. SWIATEK, Alvin Lee, Enzo Palombo, 
John Coventry, and Carl Kirkwood, University of 
Melbourne, 6 Barnett St., Kensington,VIC 3031, 
Australia 

Introduction: Rotavlrus Is a major cause of severe 
gastroenteritis in human infants and animals, including 
diarrhoeal disease in calves, Rotaviruses are triple
layered viruses, with a genome of I I segments of 
double-stranded (ds) RNA.The two outer capsid 
proteins,VP4 andVP7, must be functional for infectiv
ity. Bovine rotavirus (BRV) has been detected In dairy 
cattle herds; thus it provides a potential source of 
contamination of dairy products. Development and 
validation of methods to assess the efficacy of 
processing techniques to control viral contamination 
of food products is needed. 

Purpose: Pasteurization, the current gold standard 
in dairy processing, and high-pressure processing 
(HPP), a novel non-thermal food processing technique, 
were assessed with respect to their efficacy in 
inactlvatatlng BRV. 

Methods: A number of assays, Including fluores
cent focus neutralization assays, enzyme lmmunoas
says (EIA) and real-time RT-PCR, were used to 
characterize the effect of pasteurization and HPP 
on BRV stability and lnfectivity. 
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Results: Heat treatment experiments replicating 
pasteurization showed a 2-log reduction In viral titres 
of BRV at 62'C for 15 s and a greater than 3-log 
reduction at 72'C for 15 s. Evaluation of HPP 
treatment on BRV stability was conducted using four 
different pressures (200,300,400 and 500 MPa) and 
four to seven time points. HPP of BRV resulted in a 
3-log or greater reduction In viral titre at pressures 
300,400 and 500 MPa. Real-time RT-PCR results 
indicated that the mechanism by which HPP inacti
vated BRV particles was by removal of the outer 
capsid, converting triple-layered particles Into non
Infectious double-layered particles. However, at an 
increased pressure and time exposure (500 MPa 
for 480 s), HPP denatured the entire viral particle, 
releasing freed RNA Into the supernatant. 

Significance: HPP appears to be as effective as 
high temperature short time (HTST) pasteurization 
in its ability to reduce the Infectious titre of BRV. 

High Temperature ShortTime {HTST) 
ProcessingTemperatures Have Surprising 
Effects on Fluid MilkAerobic Plate Counts 

MATTHEW RANIERI, Jason Huck, David 
Barbano, and Kathyn Boor, Cornell University, 
200 Stocking Hall, Ithaca, NY 14850, USA 

Introduction: The Grade "A" Pasteurized Milk 
Ordinance (PMO) mandates that all HTST pasteurized 
milk products be heated to a minimum of 72'C and 
held for at least 15 s, However, it is common practice 
for milk processing plants to exceed the time and 
temperature requirements set forth by the PMO. 
Recently, fluid milk processors have reported an 
unexpected increase in consumer complaints 
regarding milk spoilage after pasteurization tempera
tures have been increased ab.eve the minimum for 
HTST fluid milk products. 

Purpose: To test the hypothesis that HTST 
pasteurization temperatures affect aerobic plate 
counts of fluid milk products over a 21 day shelf life. 

Methods: 2% milkfat raw milk was heat treated 
at four different temperatures (72'C, 77'C, 80.5'C 
or 85'C) for 25 s. Milk samples (2 I) were collected 
aseptically from each pasteurization treatment and 
held at 6°C.Aerobic plate counts were performed on 
the pasteurized samples at I, 7, 14 and 21 days post 
heat-treatment, using the spread plate method on 
brain heart infusion agar, followed by a 24-hour 
Incubation at 32'C,Average values for aerobic plate 
counts calculated for each treatment and time-point 
were log transformed and compared using t-tests. 

Results: Aerobic plate counts were significantly 
greater (P < 0.05) in milk pasteurized at 85'C than 
milk pasteurized at 72'C at 24 h post-processing. 
On average, milk pasteurized at 85'C exhibited a 
0.91 log higher aerobic plate count versus the milk 
pasteurized at 72'C, at days I, 7, 14 and 21 post
processing (P > 0.056). 

Significance: Our data provide scientific evidence 
in support of the observation that milk processed at 
higher HTST temperatures has a shorter shelf life 
(i.e., higher bacterial numbers post-processing) than 
milk processed at a lower temperature.These results 
suggest the need to optimize HTST fluid milk pro
cessing conditions to maximize product shelf lives. 

Journal of Food Protection Supplement A - 96 
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T4-03 Use of 3M™ Petrifilm™ Aerobic Count 
Plates for the Detection of Geobacillus 
stearothermophllus in UHT Milk 

ROSA CASILLAS, Norma Heredia, Santos 

Garcfa, and Rafael Martfnez, Universidad 

Aut6noma de Nuevo Le6n, Facultad de Ciencias 

Biol6gicas, Apdo. Postal 124-F, San Nicolas, 

NL, Mexico 

Introduction: Geobacillus stearothermophilus is a 
spore-forming thermophllic bacterium that can 
survive defective ultra-high temperature processes. 
The spore of this microorganism is one of the most 
heat-resistant of aerobic microorganism spores. 
G. stearothermophilus is frequently isolated from milk 
and milk products.Thus, for quality control, the milk 
industry analyzes the presence of microorganisms 
such as this bacterium in UHT processed products. 
For this, time-consuming traditional methods are used, 
and new alternatives using more rapid methods are 
required. 

Purpose:We examined the 3M'" Petrifilm '" AC 

Plates to determine their effectiveness in detecting 
this thermophilic microorganism in UHT milk. 

Methods: G. stearothermophilus ATCC 9953 was 
stored at -81 'C. UHT- processed milk samples were 
analyzed for sterility by determining the presence of 
mesophillc and thermophilic bacteria, Including spore 
counts. Spores of G. stearothermophilus were produced 
in trypticase soy broth (TSB), with MnSO

4
, MgSO4 and 

CaCl
2 

that was incubated at 42'C for 48 h. Spores 
were collected, washed and inoculated in different 
concentrations into commercially sterile UHT-milk. 
Treatments were Incubated at 42'C, and samples were 
collected at 24, 48 and 72 h for bacterial detection. 
G. stearothermophilus was detected and enumerated 
by the 3M'" Petrifilm'" AC Plates and the traditional 
one-streak in agar method.The limit of detection 
was determined for both methods. 

Results: When IO I spores were inoculated in the 
UHT-milk and Incubated 24 h, the method using 3M'" 
Petrifilm '" AC Plates was able to detect growth at 6 h, 
whereas the one-streak in agar method detected no 
growth until 12 h. Similar results were observed when 
the Inoculated UHT-milk was incubated for 48 and 72 
h.ANOVA (P s 0.05) showed significant difference 
between treatments. 

Significance: The 3M method using PetrifilmAC 
Plates is a more rapid and effective alternative for 
detection of G. stearothermophllus in UHT processed 
milk, compared to the traditional one-streak method. 

T4-04 Efficiency of Milk Culture, Direct PCR, 
and Nested PCR and Comparison with 
Fecal Culture Based on Samples from 
Dairy Herds Containing Cows with 
Johne's Disease 

ANLI GAO, Joseph Odumeru, Melinda Raymond, 

Steven Hendrick,Todd Duffield, and Lucy 

Mutharia, University of Guelph, Laboratory 

Services Division, 95 Stone RoadW, Guelph, 

ON NIH 8J7, Canada 

Introduction: Mycobacterium avium subsp. paratuber
culos/s (MAP) is the etiologic agent of Johne's disease 
OD) in cattle and other farm ruminants, and also 
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a suspected pathogen In Crohn's disease in humans. 
Development of diagnostic methods for MAP 
infection has been a challenge over past decades. 

Purpose: Investigate the relationship between 
different methods of detection of MAP in milk and 
fecal samples. 

Methods: A total of 212 milk samples and 157 
feces samples were collected from 146 individual 
cows in 12 herds in Southwest Ontario. Culture, 
IS900 PCR and nested PCR methods were employed 
for detection of MAP in milk, and the results were 
compared with results of the fecal culture. 

Results: Significant correlation was observed 
among the culture, direct and nested PCR as applied 
to milk samples (P < 0.000 I). Fecal culture was 
significantly correlated with milk culture and milk 
nested PCR (0.0 I < P < 0.05), but not with milk direct 

PCR (P = 0.6672). Chi-square tests confirmed this 
correlation. The animals with high numbers of CFU in 
fecal culture may not be detected by milk culture, and 
vice versa. The low level shedders had a much higher 
frequency than the higher level shedders. One-third of 
the positive animals would have been missed if only 
one culture method, instead of cultures of both milk 
and feces, had been used for diagnosis. 

Significance: The shedding of MAP In feces and 
milk is not well synchronized.The low level shedders 

may be detected only by chance. Subsequently, the low 
level shedders may even be underestimated.Therefore, 
both milk and feces should be collected, or/and the 
sample should be duplicated, for the suspected 
individuals.The high degree of microbial inactivation 
that occurs during decontamination steps in culture 

methods may be compensated by using nested PCR, 
which showed the highest sensitivity among the 
methods we used. 

T4-05 Effect of Milk Concentration and pH 
on Pressure Inactivation of Listeria 
monocytogenes 

MARGARET PATTERSON, Malachy Connolly, 

and Alan Kelly, Agri-Food and Biosciences 

lnstitute,Agriculture, Food and Environmental 

Sciences Division (Food Microbiology Branch), 

Newforge Lane, Belfast, Northern Ireland BT9 

SPX,UK 

Introduction: The composition of the suspending 

medium is known to affect the resistance of microor

ganisms to pressure. The composition of dairy pro

ducts (e.g., solids concentration and pH) may have an 

effect on the survival of pathogens, such as Listeria 
monocytogenes, during pressure treatment. 

Purpose: To assess the effect of pressure (500 

MPa/ IO mln/20'C), skim milk powder (SMP), concen

tration (6, 9, 12 or 15%) and pH (4, 5, 6 or 7) on the 

survival and subsequent growth at 4'C of L mono
cytogenes. 

Methods: L monocytogenes NCTC I 1994 was 

inoculated (at approximately I 07/ml) into solutions of 

varying concentrations of SMP ( 6-15%) and pH values 

(4 -7).The samples were pressure-treated (500 MPa 

for IO min at 20'C initial temperature) or left 

untreated (controls).AII samples were stored at 4'C 

for up to 8 days.At intervals, surviving Listeria were 
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T4-06 
DSC 

enumerated on tryptlcase soy agar containing 3% 
yeast extract. The experiment was repeated on 3 
separate occasions. 

Results: SMP concentration and pH did not 
significantly affect (P > 0.05) survival or growth of 
L. monocytogenes in the control samples. However, 
there were significant interactions between pressure, 
pH and SMP concentration in the pressure-treated 
samples.At pH 4 and 5, no surviving organisms were 
detected thoughout storage in any sample (> log 6 
reduction).At pH 6 and 7, some L. monocytogenes 
survived the pressure treatment and numbers 
increased significantly (P < 0.0 I) during storage, 
especially at the higher SMP concentrations. 

Significance: Medium pH can have a significant 
effect on the survival of L monocytogenes during 
pressure treatment of skim milk.This fact needs to 
be taken into consideration when devising pressure
treatment regimes to Improve the microbiological 
safety of dairy products. 

Prevalence of Target Pathogens in Farm• 
stead Raw Milk Destined for Cheese
making 

DENNIS J. D'AMICO and Catherine W. 
Donnelly, University of Vermont, I 09 Carrigan 
Drive, 361 Joseph Carrigan Wing, Burlington, 
VT 05405, USA 

US federal regulations do not regulate the pre
sence of pathogens in raw milk used for the manufac
ture of raw milk products.This study evaluated the 
overall milk quality and prevalence of four target 
pathogens In raw milk destined for cheesemaking. Raw 
milk samples were collected weekly Uune-September) 
from I I farmstead cheese operations manufacturing 
raw milk cheese from bovine (5), caprine (4), and 
ovine (2) milks. Overall quality was determined 
though standard plate (SPC) and total coliform counts 
(CC), as well as somatic cell counts (SCC).Addition
ally, samples were screened for Listeria monocytogenes, 
Staphylococcus aureus, Salmonella sp., and Escherichia coli 
0157:H?. For quantitative detection, raw milk was 
directly plated on chromogenlc agar media. Qualitative 
detection was conducted using the automated PCR 
(DuPont'" Qualicon BAX® Q7). Overall, 96.8% of 
samples had SPC < 100,000 CFU/ml, 42.7% of which 
were < I 000 CFU/ml.Although no federal standards 
exist for coliform levels in raw milk, 61 % of samples 
tested were within pasteurized milk standards under 
the Pasteurized Milk Ordinance (PMO) at< IO CFU/ 
ml.All bovine milk samples were within the limits of 
the PMO for SCC, and 88% met the stricter European 
Union regulations. Furthermore, 98.5% of all small 
ruminant samples complied with PMO standards for 
caprine milk. Of the I I farms, 8 (73%) were positive 
for S. aureus, detected In 35% (46/133) of samples at 
an average level of 25 CFU/ml. L monocytogenes was 
isolated from 2.26% (3/ 133) of samples (all bovine), 
two of which were from the same farm. E.coli 
0 I 57:H7 was recovered from I sample (0.75%) of 
caprine milk. Salmonella sp. were not recovered from 
any samples.These data indicate that milk Intended for 
artisan cheesemaking was of high microbiological 
quality, and form part of an exposure assessment and 
risk reduction plan to promote continuous produc
tion of mlcrobiologlcally safe artisan cheese. 

T4-07 
DSC 

T4-08 

Elimination of Listeria monocytogenes 
in a Soft Cheese, Fromage Blanc, Using 
Natural Processing Methods and 
Formulation Changes 

EMILY MATHUSA, Susan Sumner, Robert 
Williams, and Joe Marcy,Virginia Polytechnic 
Institute & State University, 22 FST Bldg., 
Blacksburg,VA 24061, USA 

Introduction: Listeria monocytogenes may cause 
severe and sometimes deadly illness in certain at-risk 
individuals.This pathogen survives on processing 
surfaces despite sanitation measures and may con
taminate milk used for soft cheese making.There 
is need for new hurdle technologies to eliminate 
L. monocytogenes in soft cheeses, especially methodolo
gies that allow the product to remain naturally 
produced. 

Purpose:The purpose of this study was to eval
uate the ability of different natural processing and 
formulation treatments, alone and In combination, to 
eliminate L monocytogenes in soft-cheese making. 

Methods:A cocktail of L monocytogenes strains 
O 1-110, R2-502, C 1-056) was used to contaminate 
( I 06 CFU/ml) pasteurized milk used in making soft 
cheese produced using standard methods. Different 
treatments were implemented, including addition of 
extra starter culture ( 1.25 g rather than 1.00 g), high 
temperature draining (45°C instead of 22°C), addition 
of differing levels of additive grade nisin ( 125 ppm, 250 
ppm, 500 ppm), and combinations of these treatments 
into hurdle methods. Listeria monocytogenes was 
recovered on MOX Immediately after packaging 
cheese. The soft cheese samples were also analyzed by 
measuring pH, fat content and protein content, using 
standard methods; these data and the resulting plate 
counts were compared by use of ANOVA. 

Results: No statistically significant differences 
(P > 0.05) were found between the reported counts 
of L monocytogenes.The treatments could not elim
inate the organism, but reduction was seen, with the 
greatest reduction ( I log) seen In the combined 
treatments of additional starter culture and high 
temperature draining. Statistically significant differ
ences (P < 0.05) were seen between pH, fat content, 
and protein content; however, the differences in 
sensory characteristics were not distinguishable. 

Significance:The data suggests that the use of 
these treatments In Fromage Blanc, when used in 
combination with other methods, can offer reduction 
but not always elimination of L monocytogenes. 
Additional hurdle treatments may be necessary to 
result in full elimination of L monocytogenes. 

Prevalence and Molecular Ecology of 
Listeria monocytogenes in Retail Food 
Establishments 

BRIAN D. SAUDERS, Claudette Farchione, Maria 
D. Sanchez, Kurt Mangione,Joe Corby, Stephen 
Stich, Daniel Rice, Esther Fortes, and Martin 
Wiedmann, New York State Dept. of Agriculture 
and Markets, 9 Silver Creek Drive, Selkirk, NY 
12158, USA 

Journal of Food Protection Supplement A - 98 
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Introduction: Listeria monocytogenes is a foodborne 
pathogen that annually causes approximately 500 
deaths in the United States. Estimates indicate that 
1-10% of Ready-to-Eat foods may contain L monocyto
genes; however, the prevalence of L monocytogenes in 
retail environments and the transmission of the 
pathogen to foods in these environments is not well 
understood. 

Purpose:The goal of this study was to determine 
the prevalence of L monocytogenes and specific 
L monocytogenes molecular subtypes among foods 
and various environmental locations within retail 
establishments. 

Methods: Food and environmental sponge samples 
were collected from retail establishments and selecti
vely enriched. Samples were screened for L mono
cytogenes using the VIDAS LMO II (bioMerieux) 
method and presumptive positive samples were plated 
onto selective agar.Typical colonies were confirmed by 
use of standard methods and subtyped by automated 
ribotyping (Qualicon). 

Results: From 121 establishments, there were 185 
food and 1158 environmental samples, from which 5 
(2.7%) and 151 ( 13%) L monocytogenes isolates were, 
respectively, obtained. There were a total of 73 
establishments with at least one environmental isolate 
of L. monocytogenes and 46 with more than one isolate. 
All location types had at least one sample containing 
L monocytogenes; however, 58.9% of the environmental 
isolates were obtained from various floor drains. 
The five food L monocytogenes isolates were repre
sented by three ribotypes, while the 151 environmen
tal isolates were represented by 30 ribotypes. In 
2 establishments, the food isolate ribotype was 
indistinguishable from at least one environmental 
L monocytogenes isolate. There were 27 establishments 
with multiple environmental isolations of the same 
ribotype from different sample locations. 

Signiffcance:While L monocytogenes was readily 
isolated from some retail environments, the organism 
was less frequently isolated from Ready-to-Eat food 
products. Molecular subtype data indicate the 
potential for specific L monocytogenes subtypes found 
in retail environments to contaminate foods handled 
or processed within those establishments. 

T 4-09 Penetration of Salmonella Enteritidis and 
S. Heidelberg Strains into Egg Yolks during 
36-hour Ambient Temperature Storage 

RICHARD K. GAST, Rupa Guraya,Jean Guard

Bouldin, and Peter S. Holt, USDA-ARS, Egg 

Safety and Quality Research Unit, 950 College 

Station Road,Athens, GA 30605, USA 

Although Salmonella deposition inside yolks is 
uncommon in naturally contaminated eggs, migration 
though the vitelline membrane into the nutrient-rich 
yolk contents could enable rapid bacterial multiplica
tion. Egg refrigeration restricts both penetration and 
growth, but a recently proposed national S. Enterltidis 
control program would allow unrefrigerated ambient 
temperature storage of eggs on farms for up to 36 h. 
The present study used an In vitro egg contamination 
model to assess the ability of small numbers of four 
S. Enteritidis strains and four S. Heidelberg strains to 
penetrate the vitelline membrane and multiply inside 
yolks during 36 h of storage at either 20' or 30'C. 
After inoculation onto the exterior surface of the 

99 - Journal of Food Protection Supplement A 

vitelline membrane, all eight Salmonella strains pene
trated to the yolk contents (at a mean frequency of 
45.1 %) and most strains grew to significantly higher 
levels (with a mean log bacterial concentration of 2.2 
CFU/mL) during incubation at 30'C. Significant diff
erences in penetration frequency and yolk multiplica
tion were observed between individual strains and 
between serotypes (S. Enteritidis > S. Heidelberg for 
both parameters). Penetration and multiplication were 
significantly less frequent during incubation at 20'C. 
These results demonstrate that controlling ambient 
temperatures during pre-refrigeration storage may 
be an important adjunct to prompt refrigeration for 
limiting Salmonella growth in eggs and thereby for 
preventing egg-transmitted human illness. 

T4-10 Microbial Levels and Pathogen Prevalence 
Associated with Restricted Shell Eggs 

DEANA R.JONES and MichaelT. Musgrove, 

USDA-ARS, Egg Safety and Quality Research 

Unit, 950 College Station Road,Athens, GA 

30606, USA 

Restricted shell eggs not meeting quality stand
ards for retail, but maintaining acceptable quality for 
inclusion In further processed eggs, are often diverted 
to further processing.A study was conducted to 
characterize the microbiological populations present 
on and in these eggs. On a single day, restricted eggs 
were collected from three shell egg processing plants 
a total of three times (replicates). Six shells or egg 
contents were combined to create a pool. Ten pools 
of each (shells and contents) were formed for each 
plant per replicate. Shells and membranes were 
macerated In sterile phosphate buffered saline. 
Contents were stomacher blended to form a homo
geneous mixture.Total aerobic microorganisms and 
Enterobacteriaceae were enumerated.The prevalence 
of Salmonella, Campylobacter and Listeria were deter
mined by cultural methods.Average aerobic counts 
associated with the shells were 4.3 log CFU/ml and 
with the contents were 2.0 log CFU/ml.There were 
plant replicate differences for both types of aerobic 
samples (P < 0.05 and P < 0.0 I, respectively).Average 
Enterobacteriaceae level associated with the shell was 
2.4 log CFU/ml and less than 0.1 log CFU/ml in the 
egg contents, with 36.7% of samples being positive. 
One shell sample (0.5% of total samples) was Campy
lobacter positive. Two shell samples ( 1.1 % of total 
samples) were Salmonella positive.Twenty-one percent 
of samples were positive for Listeria (33 - shells; 5 -
contents).While current pasteurization guidelines are 
based on Salmonella lethality, the results of this study 
indicate a need to revisit the guidelines to determine 
effectiveness for other pathogenic species. 

T4-1 I Egg Monitoring Program: Sampling 
Procedures and Salmonella Results 

PRIYA KADAM, Bonnie Rose, Parmesh Saini, 

Victor Cook, Moshe Dreyfuss, Priscilla Levine, 

Nisha Antoine, Suzanne Haslak, and Uday Dessai, 

USDA-FSIS, 1400 Independence Ave., SW, 

Washington, D.C. 20250, USA 

The Food Safety and Inspection Service (FSIS) 
develops regulations for egg products under the 
authority of the Egg Products Inspection Act (EPIA) of 
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1970.The law requires that all egg products (liquid, 
frozen and dried) distributed for consumption be 
pasteurized. Pasteurization destroys Salmonella 
without cooking the eggs, or affecting their color, 
flavor, or nutritional value.The egg processing plants 
are responsible for testing pasteurized egg products 
for Salmonella; FSIS Directive I 0,230.4 provides infor
mation for FSIS personnel about the Salmonella sur
veillance program. The efficacy of this program is 
checked by the FSIS "Salmonella in pasteurized liquid, 
frozen or dried egg products monitoring programs"; 
samples are taken and submitted to one of the three 
FSIS Field Service Laboratories for Salmonella analysis. 
For the period from 1995-2005, 87 positives were 
detected out of the 17,774 samples tested.These 
Salmonella positive results were distributed over 7 
categories: liquid egg whites (24/3,728), liquid whole 
eggs or yolks with less than 2% added ingredients 
other than salt or sugar ( I 5/5, 126), liquid whole eggs 
with added yolks or whole egg blends (7/2, 119), liquid 
whole eggs or yolks with more than 2% sugar or salt 
added (29/3,884), dried yellow egg ( 1 I /1,416), spray 
dried egg whites ( I /1,381) and pan dried egg whites 
(0/ 120).A time comparison by current year indicates 
that Salmonella positives in most egg product categor
ies have decreased since 1995. S. Heidelberg and 
S. Enteritidis were the predominant, followed by 
S. Typhimurium, S. Branederup, and S. Montevideo. 

TS-0 I Listeria monocytogenes Strains Commonly 
Isolated from Foods Contain Virulence
attenuating Mutations in inlA 

KENDRA K. NIGHTINGALE, Reid A Ivy, 
Alphina J. Ho, Esther D. Fortes, Brad L. Njaa, and 
Martin Wiedmann, Colorado State University, 
I 08B Animal Science Bldg., Fort Collins, CO 
80523, USA 

Listeria monocytogenes is a human foodborne 
pathogen that causes severe invasive disease in 
susceptible hosts, and the lnternalins (i.e., in/A and in/B) 
play a key role in the pathogenesis of listeriosis.A 
significant proportion (> 30%) of L monocytogenes 
strains isolated from foods carry mutations resulting 
in premature stop codons (PMSCs) in in/A and thus 
production of a truncated and secreted gene product. 
We created a set of paired isogenic mutants in which 
(i) in/A PMSC mutations were introduced into natural 
strains carrying a wildtype in/A allele, which encoded a 
full-length gene product and (ii) in/A PMSC mutations 
were reverted to a wlldtype in/A allele in natural 
strains that carried an inlA PMSC, to investigate the 
effect of PMSC mutations in in/A on virulence. in/A
mediated invasion efficiencies for natural strains and 
isogenic mutants with PMSCs In in/A were significantly 
lower than those observed for natural strains and 
revertant mutants carrying a wildtype in/A allele in 
Caco-2 (P < 0.00 I) and HepG2 (P < 0.000 I) cells. 
lntragastric guinea pig infections with the paired 
isogenic mutants showed that L monocytogenes pop
ulations recovered from internal organs of animals 
infected with natural strains and isogenic mutants 
carrying PMSCs in in/A were significantly lower 
(P < 0.0 I) overall compared to animals Infected 
with natural strains and revertant mutants carrying 
a wlldtype In/A allele, supporting the conclusion that 
PMSC mutations in in/A are responsible for virulence 

attenuation.A laboratory control strain in which a 
PMSC was introduced in in/A showed significantly 
greater invasiveness in HepG2 cells (P < 0.05) as 
compared to a Din/AB null mutant in the same back
ground, and qRT-PCR data demonstrated that in/B 
expression was similar (P > 0,05) in the paired 
isogenic mutants, suggesting that PMSCs in in/A do 
not affect inlB. Our data support the conclusion that 
PMSC mutations in in/A are causally associated with 
attenuated virulence and do not have a polar effect 
on in/B. 

TS-02 The Use of Hybridization Techniques 
as a Tool to Uncover Genomic Factors 
Associated with the Tropism of Listeria 
monocytogenes for Food, Environmental 
and Host Niches 
SARAH MCILWHAM, Franco Pagotto, and 
Jeffrey Farber, Health Canada and University 
of Ottawa, 251 Sir Fredrick Banting Driveway, 
Ottawa, ON KI A OK9, Canada 

Introduction: Listeria monocytogenes is a human 
foodborne pathogen capable of causing Invasive and 
non-invasive infections. Ubiquitous in the environment, 
strains are often classified into lineages I (containing 
serovars I /2b, 4b, 3b; human illness); II (serovars I /2a, 
l/2c, 3a; food); and Ill (4a, 4c;food-production). It is 
not clearly understood how serovars become tropic 
to a particular niche. 

Purpose:The objective of this project is to 
investigate genomic differences in food, environmental 
and clinical isolates, and identify specific genomic 
markers. 

Methods:Three different hybridization techniques 
are being used to elucidate genomic differences in 
L monocytogenes isolates: mixed genome DNA micro
arrays, dot-blot hybridizations and suppressive 
subtractive hybridization (SSH). 

Results: Currently, several genomic features have 
been identified as present, absent or significantly 
different in food, environmental and clinical isolates, by 
use of an in-house constructed mixed genome DNA 
microarray and dot blot hybridization. Sequences that 
appear as present or absent among genomes tested 
include homologies to glucarate dehydratases, 23S 
rRNAs and conserved hypothetical proteins. Some 
sequences are present in the majority of genomes 
tested,1iut array results show a significant difference 
in hybridization tendencies, suggesting there may be 
enough sequence diversity to observe a biological 
effect in the organism.These sequences have homolo
gies to a a-glucosidase, subunit B of a DNA gyrase and 
cystathionine a-iyase. The function of these sequences 
will be studied via creation of knockout mutants. 
While SSH was able to identify genomic differences 
between L innocua and L monocytogenes, it currently 
has not been able to identify the differences in 
L monocytogenes isolates seen in the array results. 

Slgniffcance:These techniques will provide insight 
into the mechanisms by which clinical, environmental, 
and food strains are able to adapt and survive in 
different niches, and possibly allow for the identifica
tion of host and/or bacteria-specific markers required 
for infection to occur. 

Journal of Food Protection Supplement A - I 00 
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TS-03 Contributions of Transcriptional Regula
tors to Listeria monocytogenes Growth 
at Refrigeration Temperature 

YVONNE C. CHAN, Barbara M. Bowen, Soraya 
Chaturongakul,Yuewei Hu, Sarita Raengpradub, 
Kathryn J. Boor, and Martin Wiedmann, Cornell 

University, 408 Stocking Hall, Ithaca, NY 14853, 

USA 

/ntroduction:Transcriptional regulators are import
ant modulators of bacterial gene expression under 
environmental stress conditions.As the foodborne 
pathogen Usteria monocytogenes has the ability to 
grow at refrigeration temperatures, we evaluated the 
contributions of transcriptional regulators to L. mono
cytogenes growth under this stress. 

Purpose:The purpose of this study was to identify 
transcriptional regulators as potential targets to 
specifically Inhibit L monocytogenes growth at refrig
eration temperature. 

Methods: L monocytogenes I 0403S wild-type strain 
and isogenic null mutants for 4 alternative sigma 
factor (L>.sigB, MigH, b./gC, and MigL), 2 negative 
regulators (L>.ctsR and L>.hcA); and 15 two-component 
response regulator (TCRR) mutants were grown in 
Brain Heart Infusion (BHI) broth at 4°C. Growth was 
measured by spiral plate counts and optical density 
(OD).Whole-genome microarray experiments were 
performed on L monocytogenes I 0403S to define the 
cold response regulon and to identify transcriptional 
regulator-dependent genes differentially expressed at 
4°C and 37°C. 

Results: Cell enumeration data indicated that 
AsigH, AsigC, AsigL, ActsR, and TCRR mutants MsR, 
A/mo I I 72, A/mo I 060 have growth defects when 
compared to wild-type on Day 12 of growth at 
4°C (P < 0.05), which was also supported by OD 
data. Microarray analysis revealed I 05 and 170 genes 
upregulated during logarithmic and stationary phase, 
respectively, at 4°C (as compared to growth at 37°C), 
while 74 and I 02 genes were down regulated during 
logarithmic and stationary phase at 4°C, respectively 
(adjusted P < 0.00 I; fold-change 2). Genes upregulated 
at 4°C during both stationary and log phase Included 
those encoding one TCRR, a cold shock protein, and 
RNA helicases, whereas genes encoding selected 
virulence factors and heat shock proteins were 
downregulated at 4°C. 

Significance: Our results indicate that multiple 
transcriptional regulators contribute to L mono
cytogenes growth at refrigeration temperature and 
identify genes differentially expressed in L mono
cytogenes grown at refrigeration temperature. 

TS-04 Microarray Characterization of Listeria 
monocytogenes Genes Regulated by HrcA 
and CtsR 

YUEWEI HU, S. Raengpradub, U. Schwab, K.J. 
Boor, and M.Wiedmann, Cornell University, 
415 Stocking Hall, Ithaca, NY 14853, USA 

lntroduction:The foodborne pathogen Listeria 
monocytogenes uses a number of transcriptional 
regulators, including the negative regulators HrcA and 
CtsR and positive regulators, such as alternative sigma 
factors, to control gene expression under different 
environmental conditions and in response to stress. 

IO I - journal of Food Protection Supplement A 

Purpose:To define HrcA and CtsR regulons. 
Methods:The full genome microarray experiments 

were conducted to compare transcript levels between 
(i) a DctsR strain and wild-type (wt) strain I 0403S, (ii) 
the DctsR strain and an ictsR-mcsA strain expressing 
the ctsR-mscA operon in trans under control of an 
IPTG-inducible promoter, and (Iii) a DhcA strain and 
the wt strain. 

Results:We Identified 62 CtsR-dependent genes 
that showed significant expression ratios (adj. P < 0.05), 
with <!: 1.5-fold differential expression either between 
ActsR and wt or between ActsR and ictsR-mcsA.We 
also identified 61 HrcA-dependent genes that showed 
significant expression ratios (adj. P < 0.05), with 
<!: 1.5-fold differential expression between AhcA and 
wt. Hidden Markov Model (HMM) searches were 
used to Identify consensus CtsR or HrcA binding sites 
downstream of or overlapping with a gene's promoter 
region. Combined with microarray analysis, HMM 
searches show CtsR and HrcA directly repress at 
least IO and 8 genes, respectively, Interestingly, seven 
genes showed differential expression in both the 
L>.ietsR and L>.ihcA strains, even though HMM analyses 
indicated that only one of these seven genes was 
directly regulated by HrcA. 

Significance: Our data not only define the CtsR 
and HrcA regulons but also provide preliminary 
evidence that transcription of some genes may be 
directly or indirectly regulated by both CtsR and 
HrcA, which is important for a comprehensive 
understanding of stress response systems in this 
pathogen. 

TS-05 Sigma B Contributions to Stress 
Response and Virulence in Select 
Listeria monocytogenes Strains 
Representing Lineages I, II, IIIA, and 111B 

HALEY F. OLIVER, Jessica L. Corron, Martin 
Wiedmann, and Kathryn J. Boor, 41 OB Stocking 
Hall, Ithaca, NY 14853, USA 

Introduction: Multiple phylogenetic analyses of 
L. monocytogenes strains have identified three distinct 
lineages. Lineages I and II are associated with human 
listeriosis; lineage Ill, consisting of subgroups IIIA and 
1118,generally is not. oB,encoded by slgB, is an alter
native sigma factor previously demonstrated to 
function in a L. monocytogenes lineage II strain as a 
central regulator of stress response and virulence. 

Purpose:The objective of this study was to 
measure relative contributions of oB to stress 
response and virulence among strains representing 
distinct L. monocytogenes lineages. 

Methods: AsigB mutants were created in selected 
wlldtype strains representing each L. monocytogenes 
lineage and subgroup. Stress survival phenotypes and 
invasion capacities of logarithmic- and stationary
phase cells grown In BHI were measured by standard 
plate counts. Survival of acid or oxidative stresses was 
characterized by determining numbers of survivors 
following exposure of wildtype and mutant cultures 
to pH 2.5 for 60 min or to 13.0 mM cumene hydrop
eroxide in dimethyl sulfoxide for 15 min. Relative 
invasiveness was measured using Caco-2 human 
intestinal epithelial cells. 

Results: oB significantly contributed to stress 
survival and Invasiveness of L monocytogenes represen
tatives from lineages I, II, and 1118 (P < 0.05). It did not 
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appreciably contribute to survival and Invasiveness of 
the IIIA representative or of stationary phase F.2365, 
a lineage I food isolate from the 1985 Jallsco cheese 
outbreak (P > 0.05). Furthermore, oB had a limited 
role In acid and oxidative stress survival and Caco-2 
Invasion In logarithmic-phase cells. 

Significance:These results show that the relative 
importance of oB In stress response and virulence 
differs among L monocytogenes strains representing 
the distinct lineages. Our data predicts a wide range 
in responses to environmental stress for the full 
spectrum of L monocytogenes strains. 

Survival and Subsequent Acid Resistance 
of Acid Adapted or Osmotically Shocked 
Salmonella enterlca Serovar Enteritidis PT 
4 and Listeria monocytogenes in Traditional 
GreekAppetizers Stored at 5 and IS°C 
PANAGIOTIS N. SKANDAMIS, Stavros Manias, 
Argyris Skiadaresis, and Eleutherios H. Drosinos, 
Agricultural University of Athens, Dept. of Food 
Science & Technology, Lab. of Food Hygiene and 
Quality Control, lera Odos 75,Athens,Votanikos 
I 18 55, Greece 

/ntroduction:Tradltional Greek salads (consisting 
of chopped vegetables, yogurt, olive oil, cheese and/or 
mayonnaise) are popular appetizers of low pH (3.60-
4.43). Despite their Intrinsic safety, pathogens have 
been reported to survive and become acid resistant. 
"Stress-hardened" pathogens may be more likely to 
compromise the safety of these products. 

Purpose:The purpose of this study was to 
evaluate the survival of acid adapted or osmotically 
shocked Listeria monocytogenes and Salmonella enterica 
serovar Enteritidis PT4 In various appetizers at chill 
or ambient temperature, and to assess the acid 
resistance of surviving populations. 

Methods: Cultures of L monocytogenes and 
S. Enteritidis PT4 were prepared as follows: (a) 
nonadapted in tryptic soy broth (TSB) without 
glucose, (b) acid adapted In TSB with I% glucose, ( c) 
osmotically shocked ( I h at NaCl I 0-20%). Cultures 
were inoculated ( I 06 CFU/g) In taramasalad (pH 3.60-
3.80), tzatziki (pH 4.1 1-4.18), Russian (pH 3.97-4.17) 
and cheese (4.32-4.43) salads, and stored at 5 or 
I 5°C for up to 60 days.Acid resistance was evaluated 
periodically in TSB (pH 1.5 with HCI) at 30°C for I h. 
Survivors and spoilage organisms were enumerated 
on selective and non selective media, respectively, and 
results were compared usingANOVA. 

Results: L monocytogenes showed considerably 
higher survival (P < 0.05) than Salmonella In all cases. 
Overall, stress adapted/shocked L monocytogenes 
survived better (P < 0.05) than nonadapted cells, 
especially at 5°C.Adaptation or shock did not affect 
(P > 0.05), but rather sensitized Salmonella. Following 
exposure to pH 1.5, acid adapted L monocytogenes 
remained detectable for 33 days In cheese salad at 
5°C, while nonadapted cultures died off within 21 
days. No such acid resistance was recorded for 
Salmonella. 

Significance: Data suggest sufficient endogenous 
safety of products for Salmonella. Conversely, contami
nation with L monocytogenes subjected to food related 
stresses may compromise their safety, especially in 
products of higher pH, such as cheese salad. 

TS-07 An Enhanced Discriminatory Scheme 
for PFGE-based Subtyping of Salmonella 
Enteritidis 

JIE ZHENG, Christine E. Keys, Shaohua Zhao, 
Jianghong Meng, and Eric W. Brown, University 
of Maryland, 0 I 12 Skinner Bldg., College Park, 
MD 20742, USA 

Introduction: Salmonella Enterltldis has emerged 
as one of the most common causes of non-typhoidal 
salmonellosis in humans.This zoonotic bacterium is 
often associated with foodborne illness derived from 
poultry sources, including broiler chickens, eggs, and 
foods containing eggs. From a molecular epidemiologi
cal perspective, the largely uniform genomic structure 
of S. Enterltidis has complicated the use of molecular 
genetic analysis to discriminate various strains of this 
pathogen. Conventional PFGE subtyping protocols, 
capable of differentiating most salmonellae, are largely 
inadequate for the discrimination of S. Enterltidis 
strains, owing to the highly homogeneous genetic 
structure of this serovar. Effective strain discrimina
tion, however, is requisite for successful trace back of 
an outbreak. 

Purpose:The purpose of this study was to search 
an enhanced discriminatory scheme for subtyping 
Salmonella Enterltldls wih PFGE. 

Methods: Using a group of highly homogeneous 
S. Enteritldis strains from poultry sources, in a search 
for Increased strain resolution several macro-restrict
ion endonucleases (Sfil, Paci, and Not/) were explored 
separately and in conjunction with enzymes tradition
ally applied to Salmonella PFGE (i.e., Xbal, Bini, and 
Spel). 

Resu/ts:A dendrogram derived from the com
bined analysis of six enzymes was highly discrimina
tory, with only 38% of strains composing unresolved 
clusters with an average of 3.6 strains per cluster. 
Additionally, one three-enzyme combination, Sfll/Pacl/ 
Notl, revealed substantial discrimination within the 
dendrogram, rivaling the six-enzyme tree in diversity. 
The Sfll/Pacl/Notl analysis revealed 47% of strains In 
unresolved clusters, with only 3.3 strains per cluster. 
These findings paralleled the number of informative 
bands yielded by each enzyme with Notl, with the 
highest level of variation (98%) and the greatest 
number of unique PFGE pattern types (n = 26). 

Significance: In total, these data support a more 
discriminatory PFGE-based subtyping scheme for 
S. Enteritidis that Includes use of several previously 
unexploited restriction enzymes. 

TS-08 Characterization of lntegrons, Antimicro
bial Resistance Genes andVirulence 
Genes of Salmonella enterica Isolated from 
Foodstuff and Related Sources 
Vinicius Buccelli Ribeiro, Nilton Lincopan, 
Norma S. Lazaro, Luciano S. Bersot,Jose P. A. N. 
Pinto, Mariza Landgraf, and MARIA TERESA 
DESTRO, University of Sao Paulo,Av. Prof. Lineu 
Prestes, 580 Bl. 13B, Sao Paulo 05508-900, Brazil 

Multi-resistant Salmonella isolates of different 
serovars are Increasingly common worldwide and 
have been associated with Increased morbidity and 
mortality of humans and animals.The purpose of this 
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study was to characterize Salmonella enterica viru• 
lence and antimicrobial determinants in 19 antibiotic 
multi resistant strains, comprising 9 different serovars, 
isolated in Brazil.They were submitted to the detect
Ion of virulence genes (invA, aceK, sopB, slyA and h-/i), 
resistence genes (aadA I, aadB I, qacECE./-su/ I, tetA, tetG, 
su/ I, su/2, (lost, bla,.m,), integrons (5'NCS-3'NCS) and 
the transferability of drug-resistance determinants via 
conjugation.The most prevalent resistances found 
were to tetracycline (89%), sulfameth oxazole (79%), 
amplcillin (63%), chloramphenicol (58%) strepto-
mycin (47%) and nalidixic acid (47%).Ten (52%) of 19 
Salmonella isolates tested had integrons class I ranging 
In size from 0.7 to 2.7 kb, which carried several resist
ance genes including aadA I, qacECE.l-su/ I, tetA, sul I, 
bla,eml' Conjugation studies demonstrated that there 
was no plasmid-mediated transfer of genes. PCR 
analyses revealed the presence of the virulence genes 
invA, aceK, sopB, slyA in all Isolates and the presence of 
virulence gene h-li in 17 (89%) of them.The present 
study showed the occurrence of potential virulence 
genes and that lntegron-medlated resistance genes 
contributed to the multiresistance phenotype obser
ved in the isolates. However, several resistance genes 
were located outside the integron structure, as indep
endent genes.A better understanding of the molecular 
mechanisms by which antimicrobial resistance emer
ges and spreads will enable the design of intervention 
strategies to reduce its progression.Acknowledge
ment: FAPESP (05/57779-3; 06/50813-4). 

Transcription Analysis of stxl and marA 
Genes in Escherichia coli O I 57:H7Treated 
with Sodium Benzoate 
FAITH J. CRITZER, Doris H. D'Souza, and David 
A. Golden,The University ofTennessee, Dept. of 
Food Science and Technology, 2605 River Drive, 

Knoxville, TN 37996-4591, USA 

Introduction: Expression of the multiple antibiotic 
resistance (mar) operon causes Increased antimicro
bial resistance in bacterial pathogens. The operon 
activator MarA, can alter expression of> 60 genes in 
E.coli K 12. However, data are lacking concerning 
expression of virulence and resistance genes when 
foodborne pathogens are exposed to antimicrobials. 

Purpose:This study was conducted to determine 
transcription of marA (mar activator) and stxlA 
(Shiga-like toxin I) genes of E.coli O I 57:H7 EDL933 
grown in the presence of sodium benzoate. 

Methods: E.coli O I 57:H7 was grown in Luria
Bertani broth (LB) containing O ( control) and I 000 
ppm sodium benzoate at 37'C for 24 h, and total 
RNA was extracted. Primers were designed for the 
housekeeping gene, hemX (209 bp ), and marA (261 bp) 
gene; previously reported primers were used for stxl. 
Ten-fold dilutions of RNA were used in a one-step 
reverse-transcrlptase-PCR (RT-PCR) reaction, and 
then visualized using gel electrophoresis to determine 
transcription levels.All experiments were replicated at 
least twice. 

Results: For marA and stx I, RT-PCR products were 
detected at a I -log greater dilution in the control than 
in treated cells, although cell numbers for each were 
similar (7.28 and 7.57 log CFU/ml, respectlvely).This 
indicates a greater (albeit slight) level of transcription 
in the control as compared with treated cells. The 
hemX gene showed the same level of expression in 
control and treated cells, validating hemX as an 
appropriate housekeeping marker. 
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Significance: Understanding adaptations of E. coli 
0 I 57:H7 under antimicrobial exposure Is essential to 
better understand and Implement methods to inhibit 
or control survival of this pathogen In foods. These 
data indicate that stxl and marA genes could play a 
role in survival of pathogens treated with sodium 
benzoate. Microarray studies are ongoing to gain 
insight into genes significantly regulated in E.coli 
0 I 57:H7 treated with sodium benzoate. 

Studies on Biofilm Formation in 
Enteropathogenic Escherichia coli 

SHLOMO SELA, M.Wiess-Mushkat, D. Shakh, 

and R. Pinto,Agricultural Research Organization 

(ARO), The Volcani Center, Dept. of Food 

Science, Beth-Dagan, 50250, Israel 

Enteropathogenic Escherichia coli (EPEC) are a 
group of dlarrheagenic £. coli that cause intestinal 
Infection in children, mostly in third world countries, 
but also in developed countries. Upon excretion from 
their host, EPEC bacteria face hostile conditions.To 
overcome these conditions, EPEC, like other bacteria, 
often produce blofilms. Bacteria within the biofilms 
generally exist in slime-embedded bacterial communi
ties which confer resistance to numerous environ
mental stresses and antimicrobial agents. Conse
quently, biofilms containing foodborne pathogens pose 
a health hazard when they contaminate agricultural 
produce and various food processing contact sur
faces.The objective of this study was to Identify and 
characterize EPEC genes involved in blofllm formation 
on abiotic surfaces.We have used two complementary 
genetic approaches.The first was transposon mutage
nesis, and the second was site-directed mutagenesis of 
genes Involved in synthesis of colanic acid (CA) and 
cellulose, two major capsular constituents of EPEC. 
UsingTn I 0-mutagenesls, several mutants were iso
lated, which exhibited low levels of biofilm formation 
compared to the wild type (wt) strain. Two of these 
mutants were further characterized and was found to 
have an insertion In csgf, and er/, both involved in curll 
production and regulation, respectively. Curll are 
protelnaceous filaments produced on the surface of 
numerous Enterobacteriaceae. The two mutants were 
deficient in both attachment and biofilm formation 
capabilities on several inert surfaces, as well as at the 
liquid-air interface. Complementation experiments 
with mutants expressing recombinant CsgF and er/ 
regained wt phenotype. Site-specific mutations in 
genes required for CA and cellulose synthesis reveal 
that cellulose, but not CA, is required for blofllm 
formation.These observations support a major role 
for curll and cellulose in EPEC attachment to and 
blofilm formation on ablotic surfaces. 

Comparison of Virulence Plasmid (pYV/ 
pCD)-associated Phenotypes in Yersinia 
Species 
SAUMYA BHADURI, Microbial Food Safety 
Research Unit, USDA-ARS-ERRC, 600 E. 
Mermaid Lane, Wyndmoor, PA 19038, USA 

Introduction: Yersinia pestis, Y. enterocolitica, and 
Y.pseudotuberculosis harbor a virulence plasmid (pYV/ 
pCD: 70-kb) which is essential for Infection. In all 
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three species, carriage of pYV/pCD imparts the 
calcium-dependent growth phenotype (low calcium 
response [Lcr]: pin point, size = 0.36 mm), when 
cultured at 37"C.The pYV/pCD in Y. enteroco//tica 
has been correlated with several other phenotypic 
characteristics including colony morphology/size (size 
= I. 13 mm), crystal violet (CV) binding (dark-violet 
colony), Congo red (CR) uptake (red pin point colony, 
size = 0.36 mm), autoagglutlnation (AA), and hydro
phobicity (HP) which are expressed at 37°C. 

Purpose:This study was undertaken to determine 
whether these phenotypic characteristics of pYV/pCD 
were expressed in Y. pestis and Y. pseudotuberculosis. 

Methods:The LCR and CR uptake was deter
mined by the appearance of red pinpoint colonies. The 
colony morphology/size and CV binding was deter
mined by the appearance of small dark-violet colonies. 
Hydrophobicity was examined for latex particle 
agglutination.Auto-agglutination was determined with 
Eagle's minimal essential medium supplemented with 
I 0% fetal bovine serum. 

Results:AII three species demonstrated LCR, CV 
binding, and CR-uptake. However, CR-uptake in Y. pestis 
was demonstrated only on calcium-deficient medium, 
whereas this phenotype was expressed on both 
calcium-deficient and low-calcium agarose media for 
Y. pseudotuberculosis and Y. enteroco/itica.These pheno
types were detectable within 24 h at 37°C in 
Y. enterocolitica and Y. pseudotubercu/osis, but at 48 h in 
Y. pestis due to slower growth rate at 37°C. The 
colony morphology/size,AA, and HP characteristics 
were expressed in Y. pseudotuberculosis as in Y. entero
colitica, but these three phenotypes were not 
expressed in Y. pestis. 

Signif,cance:The CR-uptake by Y. pestis only in 
calcium deficient medium and differences in time to 
express Lcr, CR-uptake, and CV binding provide the 
means to identify Y. pestis colonies in clinical samples, 
animals, and food. 

Elongation Factor EF-G as an Indicator 
of Cell Viability 
DONGLAI L.ZHANG, S. A. McCammon, 
L. Mellefont, J. P. Bowman, and T. Ross, University 
of Tasmania, Australian Food Safety Centre of 
Excellence, Private Bag 54, Hobart,Tasmania 
700 I, Australia 

To enhance understanding of the processes lead
ing to inactivation of food borne pathogens in inimical 
food environments, we assessed the efficacy of quant
itative PCR (QPCR) in the analysis of cell viability and 
activity of L monocytogenes. We measured expression 
of the tufA gene which codes for the protein elong
ation factor EF-G. This gene is highly expressed under 
normal growth conditions and is essential for trans
cription and translation. Cultures of L monocytogenes 
ScottA and Fw 03/0035 were held in nutrient broth 
poised at aw 0.90 (NaCl) and pH 3.50 and samples 
periodically withdrawn for targeted tufA gene QPCR 
and viable count.Although viable cells numbers 
decreased from I 08 to less than the detection level 
( 1.3 x I 01 cells ml· 1), the tufA mRNA level remained 
stable.To determine whether tufA mRNA was syn
thesised despite the apparent lack of viable cells or 
whether levels of this transcript were more stable 
than anticipated, additional experiments were 
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undertaken. Cells were held under: i) mildly lethal 
temperature (55'C), ii) presence of rlfampln (which 
Inhibits DNA-dependent RNA polymerase) and Iii) 
high temperature and rifampin.While the tufA QPCR 
signal declined by a factor of I 000, the number of cells 
that could form colonies declined by > I 08

• This raises 
questions about whether L monocytogenes under 
mildly lethal conditions of pH and aw or high tempera
ture retain viabilty after being rendered non-cultur
able. Studies are continuing to assess whether the 
observed newly synthesised mRNA signals are due 
to residual cellular activity or whether cells are intact, 
but non-culturable, and whether such cells can recover 
the ability to grow. 

Listeria monocytogenes in Fermented 
Sausages; Effect of Stress Factors 

A. S. Gounadaki, P. N. Skandamis, and GEORGE
JOHN E.NYCHAS,Agrlcultural University 
Athens, Lab of Microbiology & Biotechnology of 
Foods, 75, I era Odos Str., Athens, Attiki, Greece 

Introduction: During food processing, bacteria are 
stressed by factors that are commonly added sequent
ially and sometimes simultaneously. It has been 
suggested that if pathogens such as Listeria monocyto
genes combat the first stress, there Is a high probabil
ity that they will adapt to this stress and become 
more resistant to subsequent stresses. 

Purpose:The purpose of this study was to 
evaluate the effects of selected sequential or simulta
neous environmental stresses relevant to salami 
processing (pre-Inoculation stresses) on subsequent 
behavior of L monocytogenes during the storage of 
sliced salami (post-stressing survival) formulated with 
modified recipes. 

Methods: Stresses including combined acid (lactic 
acid) and osmotic (NaCl) challenges were applied to 
L monocytogenes Scott A prior to inoculation onto 
the surface of sliced fermented sausages formulated 
with or without the addition of 0.3% oregano plant. 
Inoculated slices were stored under vacuum at 5 and 
I 5'C for 45 or 27 days, respectively. Cells were 
recovered on TSAYE, and PALCAM agar. Bacterial 
survivors were plotted and the decimal reduction 
times were compared by ANOVA. 

Results: Results indicated that survival of L mono
cytogenes during storage of sausages was highly 
affected by the pre-inoculation stresses as well as 
storage conditions. More specifically, during exposure 
to pre-inoculation stresses the survival of L mono
cytogenes was greatly affected by the rate and the 
sequence at which pH and aw was reduced.Although 
the rate at which the numbers of L monocytogenes 
decreased below detectable limit was faster at I S'C 
when compared to storage at 5'C, bacterial popula
tions remained detectable by the end of storage 
period at both storage temperatures. 

Signif,cance:These results clearly indicate that 
extended survival of L monocytogenes during storage 
is strongly associated with the induction of resistance 
systems that may remain active for prolonged periods 
of storage. 

journal of Food Protection Supplement A - I 04 
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Inhibitory Effects of Nitrite and Lactate/ 
Diacetate on Survival, Growth and Ger
mination of Clostridium perfringens in 
Cooked Meat and Poultry Products under 
Abusive Chilling Conditions 

STEVEN J. GOODFELLOW and K. A. Hunt, 

Deibel Laboratories, Inc., 3530 NW 97th Blvd., 

Gainesville, FL 32606-7322, USA 

lntroduction:The USDA cooling regulations are 
designed to safely preclude the growth of potentially 
surviving spores of Clostridium perfringens during 
cooling of cooked meat and poultry products. In some 
instances involving large diameter products, compli
ance with these regulations has been difficult to attain. 

Purpose:The purpose of this study was to deter
ine if addition of a lactate/diacetate mixture (Purasal 
S Optiform PD 4, Purac) to cured meat and poultry 
products could extend the safe cooling times for large 
diameter products. 

Methods: Six ATCC and NCTC strains of C/ostri
dium perfringens were grown in Fluid Thioglycollate 
and modified Duncan Strong Sporulation Medium.A 
mixed inoculum of these strains, plated anaerobically 
onto SFP agar, contained 1.2 x I 09 vegetative cells and 
4.6 x I 04 spores. The mixed inoculum was added to 
uncured, cured, and cured plus Purasal, raw formulated 
turkey and beef rolls. Inoculated products were stuffed 
into 12" diameter fibrous casings and cooked to inter
nal temperatures of I 60°F and I 55°F respectively. 
Pieces of each cooked product were then placed in an 
air cooler (35°F) or held at room temperature (72°F) 
for 3 days. Samples of raw, cooked and cooled pro
ducts were analyzed for Clostr/dium perfringens on SFP 
agar. 

Results: No growth of inoculated C. per(ringens 
occurred in products chilled in the 35°F cooler, which 
attained 45°F within 15.5 h. Both uncured products 
showed rapid growth (~ 5+ log) after 20 hat 72°F. 
Both cured products showed ~a I log increase after 
20 hat 72'F with growth reaching 4+ log after 42 h. 
The products containing nitrite and the lactate/diace
tate mixture showed no growth after 72 h at 72°F. 

Slgnincance:These data suggest that the USDA 
cooling requirements could be safely extended for 
meat and poultry products containing both nitrite 
and lactate/diacetate. 

Ultraviolet Light and Dimethyl Dicarbon
ate to Reduce Listeria monocytogenes in 
Chill Brine 

PRITI PARIKH, RobertWilliams,Joseph Marcy, 

Joseph Eifert, and Kumar Mallikarjunan,Virginia 

Tech, Food Science and Technology, Blacksburg, 

VA 24061, USA 

Chill brines used during Ready-to-Eat meat 
processing may be an important source of post
processing contamination by Listeria monocytogenes. 
The purpose of this study was to determine the 
efficacy of ultraviolet light (UV) in combination with 
dimethyl dicarbonate (DMDC) to reduce L mono
cytogenes in chill brine. Fresh brine (8.0 % w/w NaCl) 
was inoculated with a L monocytogenes cocktail (~ 6 
log CFU/ml), DMDC (250 or 500 ppm) was added, 
and the solution was exposed to UV in an Ultraviolet 
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WaterTreatment Unit (Model:AMD 150B/1/2T D; 
Aqulonics Inc., Peak output: 254 nm) fitted with an 
lnline chiller to maintain brine temperature of -1 °C. 
Samples were withdrawn at regular intervals for 120 
min. When L monocytogenes was no longer detectable 
via direct plating on MOX, enrichment was performed 
and suspect colonies were confirmed using AP I-List
eria. When treated with UV alone, L. monocytogenes 
populations decreased from ~6 log CFU/ml to below 
the detection limit ( I log CFU/ml) in 5 min. However, 
L. monocytogenes was detectable by enrichment though 
120 min.When treated with 250 and 500 ppm DMDC 
alone (i.e., no UV), populations decreased to below 
detection limit in 90 and 75 min, respectively, but z 
were detectable by enrichment though 120 min. When 
treated with UV and 250 ppm DMDC, L. monocyto
genes decreased to the detection limit in 15 min 
and was not detected by enrichment after 75 min, 
whereas 500 ppm DMDC reduced L. monocytogenes 
to the detection limit in 5 min and was not detected 
by enrichment after 45 min.The results of this work 
indicate that combinations of UV and DMDC may be 
more effective than either treatment alone for the 
reduction of L monocytogenes in chill brines. 

Effect of Marination andTenderization 
Ingredients on Thermal Inactivation of 
Escherichia coli O I S7:H7 in Beef 

AVIK MUKHERJEE, Yohan Yoon, Keith E. Belk, 

John A. Scanga, Gary C. Smith, and John N. Sofos, 

Colorado State University, 500 West Prospect 

Road,Apt. # 23-H, Fort Collins, CO 80526, USA 

Introduction: Internalization of Escherichia coli 
0 I 57:H7 in non-intact beef products during mechani
cal tenderizatlon is of concern If such products are 
undercooked. Evaluation of thermal destruction of the 
pathogen in beef products formulated with Ingredients 
used in such processes, or having the potential to 
enhance thermal inactivation, is essential. 

Purpose:The objective of this study was to test 
organic acids (0.2%, wt/wt citric acid; 0.3%, wt/wt 
acetic acid), potassium and calcium salts ( 1.8%, wt/wt 
potassium lactate; 0.63, wt/wt calcium lactate; 0.86%, 
wt/wt calcium ascorbate; 0.23%, wt/wt calcium chlo
ride), and sodium chloride (2.5%, wt/wt) for their 
influence on thermal destruction of E. coli O I 57:H7 in 
a ground beef model. Methods: Batches (700 g) of 
ground beef (5% fat) were mixed with equal volumes 
(21 ml) of each treatment-solution or distilled water. 
Portions (30 g) of the treated ground beef were 
extruded In test tubes (2.5 x IO cm). A five-strain 
cocktail of E.coli O I 57:H7 was introduced at the 
center of the sample with a pipette. After overnight 
storage (4°C), simulating product marination, the 
samples were heated to 60 or 65°C Internal tempera
ture in a circulating water bath, and analyzed by plating 
on tryptic soy agar, modified eosin methylene blue 
agar, and modified sorbitol Mac Conkey agar. Two 
replicates, with sampling in triplicate, were performed. 

Resu/ts:Treatments with citric and acetic acid 
showed greater (P < 0.05) reduction (4-5 log CFU g-1) 

of E. coli O I 57:H7, compared to almost all the other 
Ingredients and the control (3-4 log CFU g· 1). Addi
tion of sodium chloride maintained the pH (5.54) of 
the product, reduced weight-losses ( 16-18%; com
pared to 20-27% by citric or acetic acid), and resulted 
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in a 4-log reduction in the pathogen counts during 
heating. 

Signiµcance: Inclusion of Ingredients such as citric 
or acetic acid may improve thermal Inactivation of 
E. coll O I 57:H7 internalized in non-intact beef 
products, while addition of sodium chloride may 
reduce cooking losses in such products. 

Efficacy of Surface Spray Application 
of LauricArginate, OctanoicAcid, 
and Colicin EI Prior to Packaging 
to Control Growth of Listeria innocua 
on Ready-to-Eat Meat Products 

LILIA M. SANTIAGO, Gene Bartholomew, 
and Warren Dorsa,John Morrell & Company, 
805 E. Kemper Road, Cincinnati, OH 45230, USA 

The objective of this study was to evaluate 
efficacy of a surface spray application of lauric arginate 
(LAE-10%), octanoic acid (OAC-1 %) and Collcln EI 
(COL) prior to packaging, and determine their ability 
to inhibit and control outgrowth of Listeria spp. In 
deli-style hams, roast beef rounds, and turkey breasts. 
Application of antimicrobials was based on product 
surface area {ln2

) and none of the meat products 
contained antimicrobials as part of their formulation. 
Effects of treatments were evaluated thoughout the 
product shelf life ( 120 days) and stored at 37°F. 
Sensory evaluation studies were performed only on 
USDA-approved food antimicrobials (LAE and OAC). 
LAE treatment significantly reduced (P < .05) initial 
Listeria populations in hams and turkey breasts by an 
average 1.38 and 1.46-log CFU/cm2, respectively, 
compared to controls. Reductions by OAC treatments 
were also significantly reduced (P < .05) for hams and 
turkey breasts by an average 0.68 and 1.07-log CFU/ 
cm2, respectively. LAE was the only antimicrobial that 
maintained reduced numbers of Li on roast beef 
samples with an average log reduction of 1.28-log 
CFU/cm2. Initial log reductions on all RTE products 
treated with COL were significantly lower (P < .05) 
compared to LAE and OAC treatments. Results from 
the sensory evaluation indicated some minor off-note 
flavors but were not significant In turkey samples with 
OAC, and roast beef and ham samples with LAE. 
These data indicated that the surface spray application 
of food antimicrobials prior to packaging can signifi
cantly reduce levels of Li on Ready-to-Eat meat 
products. 

Pre-harvest Carriage and Diversity of 
Escherichia coll O I 57:H7 in Feedlot Cattle 

BRANDONACARLSON, Kendra K. Nightingale, 
John N. Sofos,John A. Scanga, Gary C. Smith, and 
Keith E. Belk, Colorado State University, Room 6 
Animal Science Bldg., Fort Collins, CO 80523-
1171, USA 

While cattle are a major reservoir of Escherichia 
coli O I 57:H7, the ecology and dissemination of this 
organism in slaughter-ready cattle is not fully under
stood.A study was conducted to investigate E.coli 
0 I 57:H7 prevalence, colonization and diversity in 
feedlot cattle during the final 120 d of the finishing 
period. Rectal fecal grab samples were collected from 
targeted animals representing a sample population of 
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788 steers every 20-22 days for a total of six sample 
collections. Fecal samples were analyzed by immuno
magnetlc bead separation to detect and isolate E. coll 
0 I 57:H7 and presumptive colonies were confirmed 
using a multiplex PCR assay, which screened for gene 
fragments unique to E.coli O I 57:H7 {rfbE and flich7) 
and other key virulence genes (eaeA, stx-1, and stx-11). 
Initially, 48.6% of the 788 animals shed E.coli contain
Ing at least one virulence gene, while 39.8% shed 
E.coli O I 57:H7 carrying all five genes.Animals were 
classified as a persistent shedder (PS), transient 
shedder (TS) or non-shedder (NS), if they consecu
tively, intermittently or never shed E.coli O I 57:H7, 
respectively, thoughout the sampling period. Overall, 
1.0% and I .4% of the sample population were classi
fied as PS and NS animals, respectively.All isolates 
from PS and selected isolates from TS animals were 
characterized by pulsed field gel electrophoresis 
(PFGE) typing, which yielded 34 unique subtypes. Only 
five subtypes overlapped between PS and TS animals, 
whereas 19 and IO subtypes were unique to PS and 
TS animals, respectively.A single predominant subtype 
represented 50.7% of the 138 Isolates characterized, 
and isolates representing this subtype demonstrated 
enhanced attachment efficiency in Caco-2 intestinal 
epithelial cells. Our data show that a small subpopula
tion of feedlot cattle may become persistently colon
ized with multiple E.coli O I 57:H7 subtypes and 
support a relationship between E.coli O I 57:H7 strain
specific attachment efficiency and persistence In the 
gastrointestinal tract. 

Prevalence and Antimicrobial Resistance 
of Salmonella Isolated from Retail Meat: 
National Antimicrobial Resistance Moni
toring System (NARMS): 2002-2005 

SHAOHUA ZHAO, D. G.Whlte, E. Hall
Robinson, L.Ayers, A. Glenn, S. L. Friedman, 
J. W. Abbott, H. Harbottle, and P. F. McDermott, 
FDA, NARMS Retail Meat Group, Center for 
Veterinary Medicine, 840 I Mulrkirk Road, 
Laurel, MD 20708, USA 

Introduction: Salmonella spp. is frequently associ
ated with foodborne illness in humans and is com
monly isolated from food animals and their derived 
meats. Multidrug resistant variants have emerged, 
reducing therapeutic options in cases of invasive 
infections in both humans and animals. 

Purpose:The purpose of this study is to investi
gate the prevalence, antimicrobial susceptibility, and 
genetic diversity of Salmonella recovered from retail 
meats. 

Methods:We compared the prevalence of 
Salmonella in a sampling of I 5,524 meats, Including 
chicken breast (n = 3877),ground turkey (n = 3859), 
ground beef (n = 3904) and pork chops (n = 3884) 
collected during 2002-2005 in NARMS retail meat 
surveillance program. Isolates were analyzed for 
antimicrobial susceptibility and by DNA fingerprinting 
using PFGE. 

Results:A total of 1,042 Salmonella isolates were 
recovered; 513 (49%) were from ground turkey, 453 
( 43%) from chicken breast, 41 ( 4%) from ground beef 
and 35 (3%) from pork chop.The top five serotypes 
were S. Heidelberg (n = 230), Kentucky (n = 141 ), 
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Typhimurium (n = 127, includingTyphimurium var. 
Copenhagen and S.I 4,5, 12:i:-), Saint Paul (n = 92), and 
Hadar (n = 65). Six hundred thirty-six ( 61 %) of the 
isolates displayed resistance to > I of the I 5 antimi
crobials tested, whereas I 5 I ( 14.5%) were resistant to 
>5 antimicrobials.Three (0.3%) isolates recovered 
from ground turkey exhibited resistance to >9 anti
microbials. Resistance was most often observed to 
tetracycline (44%), streptomycin (35%), sulfameth
oxazole (26%), and ampiciilin (26%), and to a lesser 
extent, to amoxicillin-clavulanic acid ( I 5%), kanamycin 
( 14%), gentamicin ( 14%), ceftiofur ( 13%), and chloram
phenicol (3%).AII isolates were susceptible to ami
kacin and ciprofloxacln. PFGE analysis using Xbal and 
Bini indicated a genetically diverse population; how
ever, several clones were repeatedly recovered from 
different retail meats, brands and stores over the 
4-year period. 

Significance: Results indicate that antimicrobial
resistant Salmonella isolates are present In retail meats, 
In particular poultry products, and stress the need for 
sustained surveillance of foodborne pathogens in retail 
foods. 

Characterization of Campylobacter jejuni 
Strains Isolated from Commercial Broil
ers in Puerto Rico by Pulsed-field Gel 
Electrophoresis, Multi-locus Sequence 
Typing and Cytotoxicity Assays 

Steffen Backert, Leonard Williams, Robert 
S. Miller, SARAH J. PIERCE,Ami Sumners, 
Fernando Rebollo-Carrato, and Omar A 
Oyarzabal,Auburn University, 30 I B Poultry 
Science Bldg., 260 Lem Morrison Drive, Auburn, 
AL 36849, USA 

Introduction: Campylobacter jejuni is a frequently 
identified foodborne pathogen. Clinical presentations 
are mostly sporadic cases of diarrheal disease, 
although serious sequela, such as the development of 
Guillain-Barre syndrome, can also occur. Little is 
known about the characteristics of C.jejuni isolated 
from commercial broiler chickens in Puerto Rico. 

Purpose:We analyzed thirty-one C.jejuni isolates 
obtained from 17 different commercial broiler farms 
in Puerto Rico by multiplex PCR, E-Test, pulsed field 
gel electrophoresis (PFGE), multi-locus sequence 
typing (MLST) and cytotoxicity assays on mammalian 
cell lines. 

Methods: Species identification was achieved with 
a multiplex PCR. E-Test was performed according to 
manufacturer's guidelines. PFGE and MLST were 
performed following standard protocols, and percent
age of lactate dehydrogenase release (LDR) was 
measured in Caco-2,Hep-2 and CHO cell lines. 

Results:AII strains were resistant to vancomycin 
and trimethoprim, but only one strain was resistant to 
ciprofloxacin.The resistance to other antimicrobials 
appears to correlate with previous reports from other 
geographical regions.The use of two restriction 
enzymes, Smal and Kpnl, resulted in the most diverse 
PFGE patterns. Several strains with identical MLST 
clonal complexes had different PFGE profiles, One 
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strain possessing unique PFGE profiles with all 
restriction enzymes belonged to the sequence type 
(ST) 460, which has been linked to human campylo
bacteriosis. Other strains belonged to ST-429 and 
some to a new allelic profile similar to ST-52.A large 
variability was found with the cytotoxiclty assays in 
mammalian cells. Caco-2 cells showed the lowest 
values for LDR, while CHO showed the highest values. 

Significance:The incidence of clprofloxacin
resistant among C. jejuni strains Isolated from 
commercial broiler chickens in Puerto Rico may be 
low. For short term epidemiological studies, PFGE is 
still the technique of choice, and the use of enzyme 
combinations may be more appropriate. Overall, these 
strains have unique features, which may affect their 
pathogenicity capabilities. 

Logistic Processing of Commercial 
Broiler Flocks to Reduce Cross 
Contamination by Campylobacter 

ROBERTS. MILLER, Potturi, Lakshmi-Prasanna 
V., Steffen Backert, Robert A. Norton, Leslie 
Speegle, and Omar A Oyarzabal,Auburn 
University, 30 I B Poultry Science Bldg., 260 Lem 

Morrison Drive, Auburn, AL 36849, USA 

/ntroduction:There is considerable interest in 
reducing Campylobacter contamination of broiler 
carcasses.An important source of carcass contamina
tion during slaughter is the intestinal content of 
previously processed Campy/obacter-positive flocks. 
Therefore, a logistic schedule in which Campylobacter
free flocks are processed first may help obtain 
carcasses with low contamination after processing. 

Purpose:To determine the colonization status of 
the flocks a week before slaughter and to develop a 
scheduling system where flocks with the lowest 
Campylobacter contamination are processed at the 
start of the processing day to avoid cross contamina
tion. 

Methods:Ten fecal samples per flock per farm, for 
a total of three farms per trip, were collected in seven 
independent trips.After Campylobacter enumeration 
from the samples, flocks were classified as negative or 
contaminated and were sent for processing within 
eight days after sampling.A scheduling in which 
negative flocks were processed first to avoid cross 
contamination, or contaminated flocks where 
processed first to induce cross contamination, was 
used in different days.At processing, each flock was 
sampled for Campylobacter enumeration before and 
after the chiller. Pulsed-field gel electrophoresis 
(PFGE) was performed on strains isolated from farms 
and processing plants to determine DNA relatedness. 

Results: Our data suggest that Campy/obacter
negative flocks processed after Campy/obacter-posltive 
flocks became contaminated with strains originating 
from previously processed Campylobacter-positive 
flocks. Isolates with similar PFGE from Campy/obacter
negative flocks at the processing plant and from 
Campy/obacter-positive flocks at the farm confirmed 
these results.When birds from Campy/obacter-negative 
farms were processed first, the carcasses remained 
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negative though out processing. The positive birds that 
were processed following Campy/obacter-negatlve 
flocks resulted In carcasses with a lower level of 
Campylobacter contamination. 

Significance:A scheduling system could avoid 
cross contamination at the processing plant by 
processing negative flocks first.This type of logistic 
processing may also help reduce the number of 
Campylobacter counts In positive flocks during 
processing. 

Fate of Listeria monocytogenes on Frank
furters at Different Stages from Manufac
turing to Consumption 

OLEKSANDRA. BYELASHOV, Catherine 
A. Simpson, lfigenia Geornaras, Patricia A. 
Kendall, John A. Scanga, and John N. Sofos, 
Colorado State University, I 171 Campus 
Delivery, Fort Collins, CO 80523, USA 

Introduction: Recommendations by the United 
States Dept. of Agriculture Food Safety and Inspection 
Service (USDA-FSIS) indicate that frankfurters may be 
safely stored at home at 4'C for a week in open and 
two weeks in vacuum-sealed packages.The Food and 
DrugAdministration (FDA) Food Code recommends 
that retail and food service operations do not store 
Ready-to-Eat foods that are not vacuum-sealed for 
longer than 4 days at 7°C. 

Purpose:This study was conducted to validate 
these recommendations by determining the fate of 
Listeria monocytogenes on Inoculated frankfurters 
under various conditions. 

Methods: Frankfurters (two replicates, three 
samples per treatment) formulated with or without 
1.5% potassium lactate and 0.1 % sodium diacetate 
(PL/SD) were inoculated (1.79 ± 0.08 log CFU/cm2

) 

with a I 0-strain composite of L monocytogenes. 
Frankfurters were then vacuum-sealed and stored 
at 4'C for 60 days after exposure to conditions 
simulating transportation from a plant to retail stores. 
At 0, 20, 40, and 60 days, packages were exposed to 
conditions simulating delivery from stores to con
sumer homes, opened or held vacuum-sealed at 
4 or 7°C for 14 days, and periodically analyzed for 
pathogen (PALCAM agar) and total microbial counts 
(tryptic soy agar with 0.6% yeast extract). 

Results: Under the conditions tested, pathogen 
counts remained relatively constant in samples 
formulated with PL/SD, but In product without 
antimicrobials reached 7.0 log CFU/cm2 within 60 days 
of vacuum-sealed storage (4'C).At day 4 of home 
storage, pathogen counts increased by less than 1.0 
log CFU/cm2 on frankfurters formulated without PL/ 
SD, regardless of storage conditions and product 
history. Fastest growth under USDA-FSIS recom
mended storage conditions (4'C) occurred in samples 
stored for 20 days prior to home storage; the 
increases were 2.19 ± 0.8 and 2.40 ± 0.2 log CFU/cm2 

for samples stored for 7 (open packages) and 14 
(vacuum-sealed packages) days, respectively. 

Significance: It may be advisable to re-evaluate the 
USDA-FSIS safe storage time limits for frankfurters 
without antimicrobials in the formulation. 
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Effect of Rinse Volume and Sample Time 
on Recovery of Salmonella, Campylo
bacter, Escherichia coli, and Enterobacteri
aceae from Post-chill Chicken Carcasses 
J. STAN BAILEY and Mark Berrang, USDA-ARS
BEAR, P.O. Box 5677,Athens, GA 30604-5677, 
USA 

lntroductlon:The FSIS HACCP and baseline micro
biological sampling of chickens uses a 400 ml whole 
carcass rinse. Other studies suggest that smaller rinse 
volumes are equal to or more efficient than the 400 
ml rinse. Pick-up time for overnight shipping requires 
day-shift sampling, which FSIS Is concerned could 
introduce bias into the test results. 

Purpose: Study purpose was to determine if time 
of sampling within a two-shift processing day and rinse 
volume affected the qualitative recovery of Salmonella 
and the enumeration of Campylobacter, E.coli, and 
Enterobacteriaceae from processed chicken carcasses. 

Methods: Carcass rinse samples (300) were 
collected over three two-shift processing days from a 
commercial plant. On each of the days, 50 pairs of 
carcasses were rinsed with either I 00 ml or 400 ml 
buffered peptone (BP) water and qualitatively sampled 
for Salmonella and quantitatively sampled for Campylo
bacter using standard cultural procedures. E.coli and 
Enterobacteriaceae counts were obtained with 
Petrifilm. 

Results: Salmonella recovered (26% of carcasses) 
was not significantly affected by rinse volume, pro
cessing shift or farm chickens were grown on, but 
was significantly affected by house within the farm. 
Campylobacter recovery was low, but the number 
recovered was higher (Log 0.7 / ml) with a I 00 ml 
rinse than with a 400 ml rinse (Log 0.1 /ml). More 
Enterobacteriaceae and E. coli were recovered with a 
400 ml rinse (Log 1.63 and 1.09) than with a 100 ml 
rinse (Log 1.12 and 0.73). Neither E.coli nor Enterobac
teriaceae is a good indicator of Salmonella or Campylo
bacter on an individual carcass. 

Significance:Time of day did not affect recovery 
of Salmonella or Campylobacter. Recovery of Salmonella 
was numerically but not significantly higher from 400 
ml rinses, but Campylobacter recovery was higher 
from I 00 ml rinses. The house that birds were grown 
in significantly affected microbiological quality of the 
processed carcasses. 

An Exploratory Study of Food-handling 
Practices at Church Dinners in Canada 
BENJAMIN CHAPMAN, Tanya Maclaurin, and 
Douglas Powell, Food Safety Network, Dept. of 
Plant Agriculture, University of Guelph, Crop 
Science Room 202, Guelph, ON N I G2W I, 
Canada 

Introduction: Community gatherings around food 
awaken nostalgic feelings of the rural past - times 
when an entire town would get together monthly, eat, 
enjoy company and work together. Despite this sense 
of kinship, there have been at least 37 reported out
breaks of foodborne illness associated with home
cooked products and community dinners In North 
America since 1973. Informal event infrastructures 
coupled with recent political pressure for deregulation 
provides a climate for potential food safety problems. 
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Purpose:This observational and demographically
based research was undertaken to assess whether 
a segment of these church food-centered gatherings 
was Inherently safer or more dangerous than other 
food establishments.This exploratory research was 
intended to provide a baseline of practices and pro
files of Individuals responsible for organizing and 
preparing food at these functions, to be used in future 
program development. 

Methods:A convenience sample of three churches 
was used for data collection. Profiles of three church
sponsored food events were created using case study 
methodology. Both quantitative (a questionnaire and 
observation of preparation practices focusing on 
foodborne illness risk-factors) and qualitative (attitudes 
and intentions surrounding safe food preparation 
acquired though in-depth interviews) methods were 
used. 

Results: Food preparation was completed by 
volunteers with no formal food safety training who 
did not always practice foodborne illness risk
reduction procedures. Results Included observed 
violations of temperature-related infractions and 
adherence to food preparation guidelines (including 
dish washing procedures, hygiene and sanitation). 
Home food preparation was common in all three 
church functions. 

Signiffcance:A focus on efficiency and timing of 
food service was seen, not a focus on microbial food 
safety. This lack of attention to potential risks and the 
infrastructure of the events Indicate that communica
tion materials and management strategies acquired 
though specialized formal training may be useful in 
creating a culture of food safety in church kitchens. 

Fresh Produce Outbreaks: Using Out
break Data to Determine Attribution 
in Developing Risk Assessments 

MICHAEL B. CASSIDY and Judy D. Greig, 

Ontario Ministry of Agriculture, Food and Rural 

Affairs, I Stone Road West, I st Floor SE, Guelph, 

ON N I G 4Y2, Canada 

Recent studies and media reports have high
lighted an increase In foodborne Illness associated 
with produce. In 2002, the Center for Science in the 
Public Interest suggested that poor farming practices 
might be largely responsible for this increase. In 
September 2006, pre-packaged spinach contaminated 
at the farm was associated with an E. coli O I 57:H7 
outbreak resulting in at least three deaths and 204 
Illnesses. However, outbreak data and scientific studies 
suggest post-harvest contamination due to food 
handling and preparation may still be the largest risk 
factor.The purpose of this study was to analyze 
detailed outbreak data associated with foods of plant 
origin, to provide more accurate risk factors to better 
inform priority setting and resource allocation by 
government risk assessors. Information concerning 
over 2,300 outbreaks and 800 recalls was collected 
and analyzed from North American and International 
sources. For over a decade, approximately I 0% of 
foodborne outbreaks annually were attributed to 
produce; however, in 2004 that Increased to 18.4%. 
Meat-associated outbreaks have remained consistent 
at approximately 20% annually. Produce-related 
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outbreaks were divided between bacterial (49.6%) and 
viral agents (44.6%) while the majority of meat-related 
outbreaks were associated with bacterial agents 
(83.4%). Cases associated with produce outbreaks 
are approximately double those associated with meat. 
The primary setting for produce outbreaks was in 
food service (52%), while 30% of meat outbreaks 
were associated with the home and only 25% with 
food service. Determining the point of contamination 
is significant because the most effective control 
measures should be targeted toward reducing 
contamination at that point.The large number of 
outbreaks occurring at food service and of viral origin 
suggests that produce outbreaks are associated with 
errors In food handling and preparation. Although 
Good Agricultural Practices on farm are Important, 
they will not prevent illness from post-harvest cross 
contamination, particularly in food-service settings or 
homes. 

T7-02 An Evaluation of Risk Management in 
the New Product Development Process 
within Food Manufacturers 

DAVID LLOYD, University of Wales Institute

Cardiff, Cardiff School of Health Sciences, 200 

Western Ave., Llandaf Cardiff, South Glamorgan 

CFS 2YB,Wales, UK 

As a result of the escalating demand for new 
food products, there is increasing pressure on 
processors to be Innovative In new product develop
ment (NPD). There is, however, a requirement for all 
companies to assure product safety though effective 
risk management during the design development 
process.The purpose of this research was to analyse 
methods employed by food processors to assure 
safety during NPD and product re-formulation 
processes. Managers at 36 food processors were 
interviewed by use of a structured interview of I 0 
questions. Of the companies visited, 6 were large 
processors and 30 were Small Medium Sized Enter
prises (SME = less than 250 employees). One-hundred 
percent of the large companies had a new product 
development protocol encompassing risk assessment, 
including HACCP, shelf-life analysis and organoleptlc 
end of life assessment. Only 50% of SM E's had a 
similar NPD procedure. Of the IS SME companies 
employing such protocols, 80% ( 12 companies, i.e., 
40% of the total SM Es) had gained 3rd party accredi
tation from GFSI recognized certification bodies (e.g., 
BRC standard).Twenty companies stated that the 
NPD process was driven by customers, and 16% of 
companies admitted to launching products that had 
not been subjected to risk assessment or shelf-life 
analysis. Within the last S years, 5% claimed to have 
recalled products because of shelf-life Issues. Protocols 
surrounding recipe re-formulation were also analyzed. 
It was found that 61 % of the respondents had under
taken product re-formulation, with 45% of these 
companies undertaking a full HACCP analysis and 64% 
assessing shelf life through laboratory analysis. A case 
study of one re-formulation and subsequent product 
recall within the respondents will be outlined in the 
presentation. Further results of this study will be 
discussed in the context of generic recommendations 
for training strategies for companies to develop NPD 
risk assessment programs. 
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T7-03 Developing an Integrated Enteric Disease 
Surveillance System for Canada 

FRANK POLLARl,Andre Ravel,Barbara Marshall, 
Angela Cook, Katarina Pintar, and Andrea Nesbitt, 
Public Health Agency of Canada, 255 Woodlawn 
Road W., Unit 120, Guelph, ON, NIH 8J I, Canada 

Integrated surveillance and source attribution 
have been advocated in Canada and abroad to reduce 
the burden of enterlc diseases. In Canada, C-EnterNet, 
funded by Agriculture and Agri-Food Canada, and 
facilitated by the Public Health Agency of Canada, is a 
new multi-partner; integrated, sentinel site surveillance 
initiative. The C-EnterNet surveillance system, for 
enteric pathogens both in the human population and 
in various exposure sources, was officially launched in 
its first (pilot) sentinel site, In June 2005, in the region 
ofWaterloo, Ontario (a community of approximately 
500,000 residents in an urban/rural area of southwest
ern Ontario).Actlve monitoring of enteric pathogens 
on farms (swine and dairy manure), retail food (raw 
chicken breasts, pork chops, and ground beef) and 
untreated surface water was implemented. In parallel, 
enhanced epidemiological and microbiological data 
were collected for the human cases, based on a strong 
collaboration with the local public health unit and 
both private and public health diagnostic laboratories. 
In addition to C-EnterNet's ongoing surveillance 
activities, several episodic research projects were 
initiated. This presentation will outline the steps taken 
in the development of this new integrated surveillance 
system for Canada. In addition, the challenges and 
lessons learned during the first year of operation at 
the pilot site will be shared with recommendations 
for the future of this integrated surveillance system. 

T7-04 Developing Risk Profiles to Assist Regula
tory Decision Making 
MARIANNE MILIOTIS, Sherri Dennis, Robert 
Buchanan, and John Hicks, FDA-CFSAN, 5100 
Paint Branch Pkwy., College Park, MD 20740, 
USA 

FDA's Center for Food Safety and Applied Nutri
tion (CFSAN) continues to seek new risk-based ways 
to describe food safety issues and assist in regulatory 
decision-making. One new approach Is in the develop
ment and application of risk profiles. The term risk 
profile (RP) has been defined by the Codex Commis
sion for Food Hygiene as a decision tool which it uses 
to consider proposed new work in microbiological 
risk assessment (MRA)/risk management (RM). 
CFSAN has adapted this tool for the purpose of 
describing a food safety problem by Identifying those 
elements of the hazard or risk that are relevant to a 
food safety issue and potential RM options. Consider
ation of the information given in the RP may result in 
a range of initial decisions, such as commissioning a 
MRA, request for gathering additional information or 
implementing an immediate and/or provisional 
decision. In some cases, no further action may be 
needed. Where the conduct of a risk assessment Is 
one of the RM options, the RP Is a means for establ
ishing the risk assessment policy and scope of the risk 

assessment charge. CFSAN is developing four RPs: 
hepatitis A virus in fresh produce; transmission of 
norovlrus from food workers to ready-to-eat food; 
Listeria monocytogenes in fresh produce and fresh-cut 
products, and raw milk cheeses.The decision was 
based on a process that balances the Center's regul
atory needs with an evaluation of the feasibility of 
conducting a risk assessment, and available resources. 
A key component of developing a RP Is communica
tion between the RP teams and the risk managers to 
determine the scope of the RP and ensure the RP 
addresses the risk management questions.The develop
ment of RPs at CFSAN will be illustrated in the 
presentation. 

T7-0S Predictive Model for the Growth and 
Survival of Vibrio vulnif,cus in Chesapeake 
Bay Shellstock Oysters 

LIGIA V.A. da SILVA, Mark L.Tamplln,Angelo 
DePaola, Chanelle White,John Bowers, 
Sivaranjani Pagadala, and Salina Parveen, Univ
ersity of Maryland Eastern Shore, Food Science 
and Technology Program, 21 12 Center for Food 
Science and Technology, Princess Anne, MD 
21853, USA 

Vibrio vulnif,cus Is the leading cause of reported 
human death in the US associated with the consump
tion of shellfish, especially oysters. Consumption of 
contaminated raw oysters can lead to death within 
24 h In susceptible individuals. The growth and survival 
of V. vulnif,cus in post-harvest oysters over a narrow 
range of storage temperatures have been studied. 
Predictive models for environmental levels of 
V. vulnif,cus as a function of seawater salinity and 
temperature were also reported. However, predictive 
models have not been reported for the growth and 
survival of V. vu/nif,cus in post-harvest shellstock 
oysters stored at temperatures relevant to commer
cial and consumer handling practices.The objective of 
this study was to address this data gap. In this study, 
oysters were collected from the Chesapeake Bay from 
June though August 2006 and then stored at 5, I 0, 20, 
25, and 30°C for selected time intervals.At each test 
interval, two separate samples of six oysters each 
were analyzed by a direct plating method, using an 
alkaline phosphatase-labeled DNA probe targeting the 
species-specific V. vulnlf,cus hemolysin (vvhA) gene.The 
Baranyi D-model was fitted to the V. vulnificus growth 
and survival data to define the parameters of lag 
phase duration (LPD) and growth/inactivation rate 
(GR). V. vulnif,cus was slowly inactivated at 5 and I o·c 
and GR of -0.008 and -0.007 log CFU/h, respectively. 
The maximum GR (0.029 log CFU/h) was observed 
at 30°C.At I 5, 20 and 25·c, the GR was 0.005, o.o Io, 
and 0.021 log CFU/h, respectively.A LPD was only 
observed at I o·c (218 h). Secondary model for GR 
had bias and accuracy factors of 1.00 and 1.00, 
respectively.This model will provide valuable tools for 
designing and implementing food safety systems and 
assessing the Impact of V. vulnif,cus disease. 

Journal of Food Protection Supplement A - I I 0 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/sp1/1/1679800/0362-028x-70_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

T7-06 Modeling Transfer of Listeria monocyto
genes between Meat Slicer and Ham 
during Slicing 

SHIOWSHUH SHEEN and Cheng-An Hwang, 
USDA-ARS-ERRC, 600 E. Mermaid Lane, 

Wyndmoor, PA 19038, USA 

Listeria monocytogenes has been implicated in 
several listeriosls outbreaks linked to the consump
tion of pre-sliced Ready-to-Eat (RTE) deli meats. 
The possible contamination of sliced RTE meats 
by L monocytogenes during the slicing process has 
become a public health concern. The objectives of this 
study were to investigate the transfer of L monocyto
genes between a meat slicer and ham slices, and to 
develop empirical models to describe the transfer 
during slicing. A six-strain cocktail of L monocytogenes 
was inoculated onto a slicer blade to an Initial level of 
ca. 3, 6, or 9 log CFU/blade, and then the ham was 
sliced to a thickness of 1-2 mm (Case 1).As a second 
(Case II) cross-contamination scenario, a clean blade 
was used to slice ham that was previously inoculated 
with L monocytogenes, followed by slicing ham that was 
not inoculated.The slicing rate was maintained at 3 
slices/min for both cases.Although the recovery ratio 
was less than I 00%, more ham slices were contami
nated with L monocytogenes when the blade was 
contaminated with higher initial levels of L mono
cytogenes. For Case I, the number of contaminated 
slices compared to the total number of slices collect
ed was 5/40, 30/40 and 150/ 150 for inoculation levels 
of 3, 6, and 9 log CFU/blade, respectively. L mono
cytogenes stayed on the blade longer and contaminated 
more ham slices for Case II than for Case I, results for 
Case II being 5/40, 110/ 120, and 150/ 150 for inocula
tion levels of 3, 6 or 9 log CFU/test, respectively.The 
microbial count on the 150th consecutive slice, 
starting from an initial level of 9 log CFU, was about 
1.0 log CFU, higher for Case II than for Case I.The 
empirical models developed well predicted the trend 
of Listeria transfer between the blade and ham slices. 

T7-07 Modeling the Survival of Escherichia coli 
O I 57:H7 during Fermentation, Drying, 
and Storage of a Soudjouk-style Ferm
ented Dry or Semi-dry Sausage 

CHENG-AN HWANG,Anna C.S. Porto-Fett, 
Vijay K.Juneja, Steven C. Ingham, Barbara H. 
Ingham, and John B. Luchansky, USDA-ARS
ERRC, 600 E. Mermaid Lane,Wyndmoor, PA 
19038, USA 

Cases of foodborne Illness have been linked to 
the consumption of fermented dry or semi-dry 
sausages (FDSS) contaminated with Escherichia coli 
O I 57:H7.The purpose of this study was to model the 
inactivation of E.coli O 157:H? during FDSS manufac
turing and storage. Beef batter (20% fat) containing 
0.25, 0.5, or 0.6% dextrose, spices and a lactic acid 
starter culture was inoculated with a three-strain 
cocktail of E.coli O I 57:H7 to approximately 7.0 log 
CFU/g. The raw sausage (pH 6.0, aw 0. 97) was fer
mented at 24'C with RH 90-95% for 72 h to pH 5.2, 
4.9, or 4.6, and then dried at 22'C with 80-85% RH to 
a 0.92, 0.89, or 0.86.The sausages were vacuum
p;cked and stored at 4, 21, or 30'C for up to 60 days. 
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During fermentation, the inactivation of E.coli O 157: 
H7 could be described by two linear regressions in 
which the inactivation rates were 0.0224 and 0.1333 
log CFU/g for every 0.1 unit decrease in pH in the 
range of pH 5.55-4.82 and pH 4.81-4.50, respectively. 
During drying, the inactivation could be described by a 
linear regression in which the Inactivation rates were 
0.3167, 0.4833, and 0.5833 log CFU/g for every 0.0 I 
unit decrease in aw for sausages fermented to pH 5.2, 
4.9, and 4.6, respectively.The inactivation rates of 
E.coli O I 57:H7 (log CFU/day) during storage at 4, 21, 
or 30'C were fitted to a quadratic model as a function 
of sausage pH and aw and storage temperature.The 
model Indicated that the inactivation during storage 
was significantly higher (P < 0.0 I) in sausages with 
lower pH and lower aw that were stored at 30'C. 
These models will enable manufacturers of FDSS to 
estimate the reduction of E.coli O I 57:H7 for their 
products and modify the product formulations and 
processes to meet existing food safety guidelines. 

T7-08 Modeling to Predict the Fate of Listeria 
monocytogenes on Commercial Frankfurt
ers as a Function of Storage Temperature 
andTime 

YOHAN YOON, I. M. Barmpalia-Davis, 
I. Geornaras, and J. N. Sofos, Colorado State 
University, Dept. of Animal Sciences, Fort 
Collins, CO 80523-1 171, USA 

Introduction: Mathematical modeling may 
be useful in predicting the fate of Listeria mono
cytogenes in Ready-to-Eat meat products under 
various conditions. 

Purpose:The objective of this study was to 
develop models to predict L monocytogenes popula
tions in frankfurters as a function of storage tempera
ture and time. 

Methods: L. monocytogenes ( I 0-strain composite) 
was inoculated ( 1-2 log CFU/cm2) on commercial 
beef or turkey frankfurters, which were formulated 
without (WO) or with antimicrobials (WA; 1.5% 
potassium lactate plus 0.05% sodium diacetate). Pairs 
of frankfurters were stored In vacuum bags at 4, 7, or 
I 2'C, and analyzed periodically up to a 90-day storage 
period, depending on product and temperature.Total 
bacterial and L monocytogenes populations were enum
erated on tryptic soy agar plus 0.6% yeast extract and 
PALCAM agar, respectively. L. monocytogenes data were 
fitted with the Baranyi model to calculate lag phase 
( day) and rates ( death or exponential growth rate; log 
CFU/cm2/day) for each product and temperature; 
rates and lag phases were then fitted with a polyno
mial equation as a function of temperature (two 
replications, three samples each). 

Results: Rates were higher (P < 0.05) at 12'C 
[WA: 0.18 ± 0.05 (beef), 0.21 ± 0.13 (turkey);WO: 
0.57 ± 0.04 (beef), 0.38 ± 0.24 (turkey)] than at 4'C 
[WA: -0.0 I ± 0.00 (beef), 0.03 ± 0.05 (turkey);WO: 
0.18 ± 0.00 (beef), 0.09 ± 0.13 (turkey)] and 7°C [WA: 
O.D7 ± 0.10 (beef), 0.08 ± 0.1 I (turkey);WO: 0.18 ± 

0.08 (beef), 0.29 ± 0.02 (turkey)]. Lag phases were 
0-72.9 days depending on the product and tempera
ture. After the rates and lag phases were fitted with 
a polynomial equation as a function of temperature, 
predicted rates and lag phases were 0.00-0.21 (WA) 
and 0.09-0.57 (WO), and 0-40.8 (WA) and 0.5-6.4 
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(WO), respectively, for beef and turkey frankfurters 
combined. Models predicting the fate of L monocyto
genes were then developed using the predicted values 
as a function of storage temperature and day. 

Signlf,cance:The models developed may be useful 
to select conditions for control of L monocytogenes 
populations on frankfurters, and may be applicable in 
the development of models for other products, 
conditions or pathogens. 

T8-0 I Salmonella Newport as Reported by the 
Animal Arm of the National Antimicro
bial Resistance Monitoring System -
Enteric Bacteria (NARMS) 
PAULAJ. FEDORKA-CRAY, J. S. Bailey, C.R. 
Jackson,J. G. Frye,J. Haro, B. McGlinchey, and 
J. R. Plumblee, USDA-ARS-BEAR, 950 College 
Station Road,Athens, GA 30605-2720, USA 

Introduction: Since the early 1990s there has been 
increasing awareness and concern regarding the 
development of antimicrobial resistance among 
bacteria of public health significance. Reports targeting 
zoonotic bacteria, and in particular Salmonella species, 
suggest that resistance is trending upward. Of parti
cular concern starting in 2000, was the emergence of 
multiple drug resistant (MDR) Salmonella Newport. 

Purpose:The purpose of this study was to deter
mine the trend of S. Newport submitted to the animal 
arm of NARMS for genotypic and phenotyplc charact
erization from 1997 though 2005. 

Methods: Isolates submitted to NARMS were 
tested for susceptibility to 16 antimicrobials using a 
custom made panel and a semi-automated broth 
microdilution system (Sensltitre,Trek Diagnostics, 
Cleveland, OH). Isolates were further characterized 
by pulsed field gel electrophoresis (PFGE). 

Results: Of the 48,238 Salmonella isolates tested 
from 1997 though 2005, the percent identified as 
S. Newport increased from 0.75% (n = 18) in 1997 
to a high of 9.0% (n = 483) in 2003, declining to 3.2% 
(n = I 19) in 2005. The majority (n = 1660; 3.4%) 
originated from diagnostic submissions followed by 
slaughter (n = 645; 1.3%) and on-farm (n = I 00; 0.2%) 
sources. Slaughter isolates originated most often from 
cattle.The percent of isolates resistant to 2 or more 
antimicrobials averaged 73.5% from 2000 though 2005. 
PFGE analysis indicated a high degree of heterogeneity 
among the isolates. Interestingly, isolates which were 
indistinguishable by PFGE were not necessarily 
indistinguishable by phenotypic analysis. 

Slgnif,cance:These data Indicate that the percent 
of S. Newport originating from animals and submitted 
to the animal arm of NARMS appears to be declining. 
However, the MDR phenotype is persisting among a 
high percentage of the isolates. Continued monitoring 
and further characterization of isolates is warranted. 

T8-02 Barriers to Consumer Safe Food-handling 
Behaviors 
Norman Porticella, Michael Shapiro, and 
ROBERT B. GRAVANI, Cornell University, 
Dept. of Food Science, I I Stocking Hall, Ithaca, 
NY 14853, USA 

While recent reports show that food prepara
tion knowledge and some food preparation practices 

In the home have improved, many consumers still do 
not follow recommended safe food handling practices. 
Research has shown that even If a food safety camp
aign is successful at Increasing the knowledge of and 
attitudes toward safe food-handling practices, actual 
behavior change often does not follow.The objective 
of this study was to determine the barriers to safe 
food-handling practices and improve message design 
In consumer food safety campaigns. Four focus groups 
of 45 people, 18-81 years of age were conducted in 
four urban/suburban and rural communities in New 
York. Two focus groups were used to gather data on 
consumer food safety knowledge, attitudes and 
practices, while the others were questioned about 
their food preparation behaviors, reasons for non
compliance with recommendations, and reactions to 
USDA food safety messages. Overall, the focus group 
participants gave a number of reasons for not 
following food safety recommendations. Participants 
relied on longstanding habits, often modeling parents' 
behavior, and found the additional time and effort 
required to perform recommended procedures an 
inconvenience. Perceived risk was low in part because 
the participants had no personal experiences with 
foodborne illness. Earlier studies indicate such 
experience with illness is a significant motivator to 
comply with recommendations. The USDA "Thermy'' 
campaign received the most positive comments, while 
respondents were crtlclal of other USDA Public 
Service Announcements. Suggestions for increasing 
behavioral compliance Included increasing risk 
perception, providing information on ways to solve 
some perceived problems (i.e., how to insert food 
thermometers into small pieces of meat), and having 
certain people model appropriate behaviors. Using 
this information, work is continuing on appropriate 
message development. 

T8-03 Enhancing Food Safety Capabilities 
in Latin America and the Caribbean 
through Innovative, On-line, Graduate 
Level Education 
GISELA KOPPER and E. Perez, University for 
International Cooperation, P.O. Box 504-2050, 
San Jose, San Jose 2050, Costa Rica 

Effective solutions for today's new and ongoing, 
multi-faceted and increasingly inter-dependent food 
safety challenges require unprecedented cooperation 
between professionals in the fields of law, science, 
agriculture, health, public administration and educa
tion. Design and implementation of a comprehensive 
and cost-effective approach, in order to enhance food 
safety capabilities, is vital for the development of Latin 
America and the Caribbean.Technological and 
scientific issues of food safety have been the subject 
of extensive research and training activities. However, 
continuous outbreaks of foodborne diseases reveal 
and highlight an unresolved problem. Science, tech
nology and traditional education have not completely 
satisfied the need for better prevention of foodborne 
disease in the region. Beyond its ever increasing 
information-searching power, the internet is another 
extraordinary tool to enhance food safety education 
and training. On-line education allows people from 
different countries, with their correspondingly 
different realities, cultures, time zones and perspec-

Journal of Food Protection Supplement A - I 12 
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tives, to interact in a virtual classroom, thinking and 
learning together.The online M.S. degree program on 
Food Safety Management, designed in collaboration 
with PAHO and targeting food safety officials in 
government and industry, will be presented.The 
Program's curriculum strongly emphasizes managerial 
abilities though courses such as: Project Management, 
International Food Law, Marketing Forces and 
International Commerce, Public Policies Implementa
tion, Management and Leadership, Solution of 
Controversies, and Information and Communication 
Technologies.The Food Safety courses focus on 
advanced HACCP concepts and risk analysis. All 
managerial courses are given under a food safety 
approach, along with class examples and research 
topics selected from current worldwide food safety 
issues, Some students have experienced improve
ments in their jobs and networking, leading to better 
understanding and more effective application of food 
safety programs in their countries, Such experiences 
will be described during the presentation. 

T8-04 Examining Food Safety Behavior of Food 
Assistance Recipients Using the Health 
Belief Model 

KOFI ADU-NYAKO, Ibrahim Salifou, and Arpitha 

R, Neravetla, North Carolina Agricultural and 

Technical State University, C.H. Moore,A-26, 

Greensboro, NC 2741 I, USA 

Introduction: Poverty and low education levels 

characterize food assistance recipients, and these 

factors are assumed to negatively impact food 
assistance recipients' behavior with respect to food 
safety, Based on this premise of low food safety 
awareness and knowledge, as well as poor food
handling practices, educational interventions are 
prescribed to improve their food-safety behavior. But 
are food assistance recipients less knowledgeable 
about food-safety issues and are their behaviors less 
safe than non-food assistance recipients/ 

Purpose:To examine food safety risk perceptions, 
attitudes, knowledge, and behavior of food assistance 
recipients and compare these to persons who do not 
receive food assistance. 

Methods:We used survey data collected in 2004 
and 2005 from North Carolina,Tennessee and 
Louisiana to generate descriptive statistics, including 
Chi square test of independence and Anova. Logistic 
regressions were also used to identify predictors of 
safe food-handling behaviors, The Health Belief Model 
served as theoretical basis of modeling food-safety 
behavior. 

Results: Food Stamp and WIC recipients were 
more likely than persons who received no food 
assistance to practice safe-food handling, Persons 
receiving food assistance from food banks and other 
sources recorded the fewest safe food-handling 
practices compared to the other groups.The main 
predictors of safe-handling practices were risk 
knowledge, risk perception, being a main food 
preparer, and reading safe-handling labels. Whereas 
race and food assistance status were not significant 
predictors of safe washing practices, these factors 
were important predictors of safe refrigeration and 
storage practices and, in addition to risk perception, 
label use and unemployment status. 

I 13 - Journal of Food Protection Supplement A 

Signiffcance:The results of this study suggest that 
food assistance recipients may not necessarily be less 
knowledgeable than non food assistance recipients, 
and their food-handling practices may be as good as, if 
not better than, the practices of persons who do not 
participate in food assistance program. These results 
may have implications for the design of education 
materials for low income food assistance participants, 

T8-05 The Effect of Race and Ethnicity on 
Perceptions of Food Safety among United 
States Consumers 

CRAIG K. HARRIS, Andrew Knight, and Michelle 

Worosz, Michigan State University, 429B Berkey 

Hall, East Lansing, Ml 48824-1111, USA 

Most theories of race and ethnicity in contempo
rary society suggest that racial and ethnic minorities 
are more likely than dominant groups to feel con
cerned about their level of wellbeing, Our study 
shows that this is borne out in the case of perceptions 
of food safety. We conducted a telephone survey with 
1,0 I 3 respondents in the contiguous US at the end of 

2005 and the beginning of 2006 using random digit 

dialing, The data were weighted by gender, age, 

education, race and ethnicity, and region to obtain a 

representative sample. Results showed thatAfrican

Americans are more likely than other groups to be 

highly concerned about food safety, and more likely to 

think about food safety, particularly about the risk of 
foodborne illness, and to a lesser extent, antibiotic 
residues, synthetic hormones in meat, pesticides and 
other chemical residues in foods when they buy food 
or eat out, Even though white consumers are less 
likely to be concerned about these issues, both 
African-American and white respondents were more 
likely than the other racial-ethnic groups to feel that 
the current level of food borne illness In the US is 
unacceptable.African-American and Hispanic
American respondents are more likely than other 
racial-ethnic groups to be willing to pay five percent 
more for their food if the additional cost would lead 
to a significant reduction in foodborne illness. In 
summary,African-Americans are most likely to be 
concerned about the safety of their food and to 
mistrust the institutions in society responsible for 
ensuring the safety of their food, with white consum
ers least likely to be concerned and most likely to 
be trustful. Hispanic-Americans generally fall between 
African-Americans and white consumers.These 
results suggests that further research on actual 
differences in food safety and foodborne illness 
between racial and ethnic groups in the US is 
warranted. 

T8-06 Public Perception of Food Handling 
and Food Safety in Turkey 

ARZU CAGRI-MEHMETOGLU, Sakarya 

University, MUhendsilik FakUltesi, Gyda 

MUhendislioi BolUmU,Adapazary, Turkey 

lntroductlon:The responsibility of food consumers 
In food hygiene has increased significantly in recent 
decades in Turkey.There is need for valuations of 
knowledge and attitudes of food consumers in the 
handling of food. 
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Purpose: In this study, a survey was prepared to 
evaluate attitudes ofTurklsh people living in the most 
populated area ofTurkey in food supplying and pre
paration In the kitchen. This survey also aimed to 
obtain the pattern of foodborne diseases surveyors 
experienced based on their ages, income, sex and 
education level. 

Method: Survey questions were asked of 1,200 
people (605 women and 595 men) in 4 different age 
groups ( 15-30 years, 31--45 year, 46-60 years, 61-70 
years). Questions were generally prepared to expose 
their knowledge and awareness about food safety and 
food preparing rules in the kitchen.The survey also 
evaluated surveyors' opinion about healthfulness and 
safety of foods sold in supermarkets and about 
hygiene In food processing plants in Turkey. 

Resu/ts:According to survey, 45% of those 
surveyed (mostly 31--45 years old and high Income 
women) are cautious about hygiene and food-handling 
rules in their kitchens. Only about 32% of study 
participants have experienced food illnesses, most of 
it associated with consuming meat and meat products. 
Most victims were hospitalized.Additionally, 26% of 
study participants, especially young women, think 
foods they buy from supermarkets are healthy and 
safe. Moreover, 15% (mostly 46-60 year olds) believe 
that food processing plants have fate of hygiene. In this 
survey, age, sex and education of study participants 
were found as distinctive factors on most answers. 

Significance: In conclusion, in Turkey, most of the 
high educated and high Income level study participants 
have accurate perceptions and knowledge about food 
handling and food safety. 

TB-07 Costs and Benefits of Implementing 
HACCP in the Mexican Poultry 
Processing Sector 
EMA S. MALDONADO, Pedro Arturo H. 
Martinez, Bertha Alicia R. Hernandez, and Jose 
Artemio M. Cadena, Universidad Autonoma 
Chaplngo/Posgrado en Produccion Animal, 
Km. 38.5 Carr.,Texcoco, 56230, Mexico 

Food safety has become a major issue in inter
national and domestic trades, as awareness of food
borne illnesses has increased among consumers. In 
addition, outbreaks of animal diseases around the 
world signal that meat products have to comply with 
tight food safety controls before reaching final 
consumers.The HACCP system Is an approach to 
meet this demand for safe food. However, detailed 
information on costs and benefits of HACCP 
implementations is needed to provide appropriate 
advice to food processing plants.The purpose of this 
study was to evaluate the extent and major costs and 
benefits of HACCP implementation within Mexican 
poultry processing plants, and to identify sale dest
inations of these plants.All thirty-two Federal Inspect
ion Type (TIF) registered enterprises in Mexico were 
surveyed; 65.6% of them responded. HACCP was 
totally adopted by 38% of the enterprises, 33.4.% 
were planning to do it, and the rest were either In the 
process of Implementing it or had no plans to adopt it 
in the near future. Most of the plants with HACCP 
indicated that external technical consultants and 
record keeping were the major costs of implementing 
and operating HACCP.The main benefit of HACCP 
programs indicated by the majority of processing 
plants was reduction in microbial counts. Major 
supermarket chains took 39.6% of total sales, 22.8% 
of the sales went to major caterers and only 12.9% of 
total sales went to international markets Qapan and 
Central America). Increase and conservation of the 
domestic rather than the international market has 
been the driving force to HACCP implementation in 
the majority of Mexican processing plants. It was 
concluded that HACCP implementation in the 
Mexican poultry processing sector was still low, 
technical assistance was the major cost, and better 
product quality due to lower microbial counts was 
the major benefit. 

TB-08 Moved to TB-03 

Journal of Food Protection Supplement A - 114 
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P 1-0 I Antibacterial Activity of the Lactoperoxi
dase System against Foodborne Patho
gens in Saanen and South African Indig
enous Goat Milk 

Eyassu Seifu, Ned. F. Donkin, and ELNA M. BUYS, 

University of Pretoria, Lynnwood Road, Pretoria, 

Gauteng, 0002, South Africa 

Introduction: Goat milk is a nutritious food In the 
tropics; however, its production and handling remains 
a major problem limiting its consumption. The lacto
peroxidase (LP) system has been recommended for 
preservation of raw milk as an alternative to cooling. 

Purpose:This study determined the effect of 
the LP system on the growth and survival of E.coli, 
S. aureus, L monocytogenes and Br. melitensis in the milk 
of Saanen and South African indigenous goats. 

Methods: Milk samples were inoculated 
with either E.coli, S. aureus, L monocytogenes or Br. 
melitensis. Each milk sample was aseptically divided 
into two lots; sample A was subjected to activation 
of the LP system whereas sample B was used as an 
untreated control. After activation of the LP system, 
the samples were incubated at 30'C for 6 h and after 
6 h, viable bacteria were determined and compared to 
the initial number of pathogens in the milk samples. 

Results: The LP system exhibited bactericidal 
effect against L monocytogenes and Br, melitensis in both 
Saanen and Indigenous goat milk. The LP system 
showed bactericidal effect against S. aureus in Saanen 
milk; however, it only reduced the rate of growth of 
S. aureus in indigenous goat milk. On the other hand, 
the LP system only reduced the rate of multiplication 
of E. coli in both Saanen and indigenous goat milk. The 
same pathogen showed different degrees of sensitivity 
to the LP system in the milk of the two goat breeds, 
probably because of the difference in the LP system 
components in the milk of the two goat breeds. 

Signif,cance:The LP system in goat milk could be a 
promising alternative for controlling the growth of 
these pathogens, especially during collection of milk at 
high ambient temperatures and in areas where milk 
cooling facilities are not available, 

P 1-02 Control of E.coli and Spoilage Micro
organisms in Soft Cheese Production 
Brines Using a Synergistic Antimicrobial 
Formula 

ROBERTS. KOEFOD and T. A. Freier, Cargill, 

Inc., 230 I Crosby Road,Wayzata, MN 55391, 
USA 

Introduction: Microbial control of brines used in 
soft cheese manufacture can help prevent cross 
contamination of product with spoilage organisms or 
pathogens. Current antimicrobial options are often 
expensive or have limited effectiveness. 

Purpose: The purpose of this study was to 
explore new, food-safe antimicrobial additives for 
use in food production brines. 

11 S - Journal of Food Protection Supplement A 

Methods: One coliform, two yeast, and four mold 
isolates were cultured from a commercial blue cheese 
production brine. Brines containing 24% NaCl and 
various surfactants were inoculated to a level of 
approximately I 05 CFU/ml coliform or I 04 CFU/ml 
yeast or mold and incubated at I 0'C ± 2'C. Pop
ulations were determined after four h by plating 
coliforms to Violet Red Bile Agar and mold and yeast 
to Dichloran-Rose Bengal-Chloramphenicol Agar. 

Results: Spent brine from a commercial blue 
cheese production line (pH = 4.8) containing 125 ppm 
(final concentration) of octanoic acid reduced the 
inoculated coliform, yeast and mold to undetectable 
levels ( < IO CFU/ml) within 4 h. Spent brine from a 
commercial mozzarella cheese production line (pH = 
5,2) containing 250 ppm (final concentration) of 
octanoic acid reduced the Inoculated yeast, and mold 
to undetectable levels ( < IO CFU/ml) within 4 h, and 
caused an ~ 2 log reduction in coliform levels. 

Significance: Octanoic acid at relatively modest 
concentrations produced a strong synergistic anti
microbial effect with sodium chloride. This novel, 
patented formula retains antimicrobial activity in the 
presence of heavy organic loading in cheese produc
tion brines and appears to be effective against yeast 
and mold, making it a potentially valuable tool for 
enhancing the shelf life of soft cheese products and 
possibly as a means to reduce coliform contamination 
as well. 

P 1-03 Microbial Evaluation of Commercial 
Ricotta Cheeses in the City of Campinas 

R.J. G.Turri, SILVANA M. SREBERNICH, M. M. S. R. 

Soares, C. S. R. Soares, and P. S.Jacob, Nutrition 

College, Pontificia Univerisdade Cat6lica de 

Campinas, Rua Pedreira, 309, Campinas, Sao 
Paulo, 13050-544, Brazil 

Introduction: Ricotta cheese, due to its character
istics of high water activity and high availability of 
nutrients, Is a product with a tendency for microbial 
contamination. Research has shown that Escherichia 
coli Is a critical contaminant in this product, especially 
if It is a pathogenic strain. 

Purpose:To verify the presence of total collforms 
and E. coli in commercial ricotta cheeses in the city 
of Campinas, Sao Paulo, Brazil. 

Methods:A total of 14 samples of ricotta cheese 
from different brands were acquired in supermarkets 
of the city of Campinas, SP. The samples were diluted 
( I 0·3) and Incubated at 35'C for 24 h in Petrifilm 6404 
(3M) for enumerating the total coliforms and E.coli. 
The tests were done In duplicate. 

Results: Most of the samples showed high cont
amination levels for total coliforms and for E.coli, with 
the following results: absence in 14.3% and 35.7% of 
samples; uncountable in 50% and 7.2% and average 
contamination equivalent to 4.87 log CFU/g and 4.46 
log CFU/g In 35.7% and 57.1 % of the samples, respect
ively. Thus, 64.3% of the samples were above the limit 
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established by the Brazilian legislation for E. coli 
(Resolution RDC 12/0 I) that specifies maximum 
counts of 2.7 log CFU/g. 

Significance:The high microbial counts Indicate 
that Inadequate pasteurization or contamination after 
pasteurization by equipment, Ingredients or by 
handlers occurred, and shows the Importance of 
microbial control. 

P 1-04 Salmonella Multi-drug Resistance Isolated 
from Fresh Cheese 

ANGELICA VILLARRUEL-L6PEZ, N. Velazquez
Suarez, L. E. Garay-Martinez, M. R.Torres-Vitela, 
and F. Ascencio, Universadad de Guadalajara, 
Adalberto Navarro I 076, Guadalajara,Jalisco 
44760, Mexico 

Introduction: Salmonellosls Is one of the most 
common and widely distributed foodborne diseases. 
In recent years, the incidence and severity of human 
salmonellosls has greatly Increased, and the emer
gence of antibiotic resistant salmonellae Is threatening 
to become a more serious public health problem. 

Purpose:To determine the spectrum of antimi
crobial resistance of Salmonella strains isolated from 
fresh cheeses (panela and adobera) available in Mexico. 

Methods: Panela and adobera cheeses, made with 
unpasteurized milk were obtained from open market 
vendors in Guadalajara,Jalisco, Mexico. Salmonella was 
detected by the MiniVidas system and isolated using 
XLD (Xylose-Lysine-Desoxycholate), BG (brilliant 
green) and SB (Bismuth Sulphite) agars.We examined 
140 Isolates of Salmonella for antimicrobial resistance 
using the method of Kirby-Bauer.The strains were 
cultured in tripticase soy broth (TSB). Aliquots (200 
µI) were centrifuged and the cells washed with 
physiological saline solution and inoculated on 
Mueller-Hinton agar.The plates were incubated at 
30°C for 24 h and the haloes of inhibition around 
different antibiotics were measured. 

Results:The incidence of Salmonella in cheeses 
was 30% ( 16% in adobera, 14% in panela). Out of the 
140 isolates tested, 39% were resistant to 5 or more 
antibiotics, 9% were resistant to fluoroquinolones, 
5% were resistant to chloramphenicol, and 9% to 
ampicillln. Cephalotin and amlkacin had the least 
antimicrobial activity against Salmonella.The Salmonella 
serotypes with major antimicrobial resistance were 
Montevideo, Amsterdam, and Anatum. Fifteen sero
types were identified. Resistance to sulfonamides and 
trlmethoprim was not observed. 

Significance: Multi-drug resistant salmonellae are 
becoming a serious public health concern in Mexico. 
Resistance to sulfonamides and trimethoprim was not 
observed in this study and these antibiotics should be 
limited to clinical use. 

P 1-05 Katild -A Traditional Greek Soft Cheese: 
Survival of Listeria monocytogenes and 
Determination of Biodiversity at Different 
Temperatures Using Microbiological 
and MolecularTechniques 

V. Stergiou, A. Lazaridou, D. M. Kagkli, and 
GEORGE-JOHN E. NYCHAS,Agricultural 
University Athens, Lab of Microbiology & 
Biotechnology of Foods, 75, lera Odos St., 
Athens, Attiki, I 1855, Greece 

Introduction: Listeria monocytogenes Is a psychro
trophic Gram-positive bacterium, difficult to control 
in foods due to Its ubiquity In the environment, ability 
to grow at refrigeration temperature, tolerance to 
low pH and high sodium chloride levels. It has been 
associated with several foodborne disease outbreaks 
due to the consumption of fermented cheese and 
other dairy products. 

Purpose: To determine the fate of acid-adapted 
and non-adapted L monocytogenes in a traditional 
Greek soft cheese "katlki" until the expiration date 
of the product. Changes in the type and levels of the 
indigenous microbial flora were also assessed either 
in the presence or absence of the pathogen. 

Methods: Samples were inoculated with a five
strain cocktail of L monocytogenes (5.5 log CFU/g) and 
stored at 5, I 0, I 5, 2o·c over a two-month period 
(expiration date). Enumeration of the pathogen and 
microflora was carried out using Palcam, PCA, MRS 
and M 17 agar-based media respectively. Isolates from 
different storage stages were analysed using Pulsed 
Field Gel Electrophoresis (PFGE) to determine 
biodiversity and possible clonal relationships between 
bacterial strains of the same species in relation to 
temperature and storage. 

Results: Initial levels of lactic acid bacteria which 
were 6 log CFU/g, slightly increased ( I log CFU/g) and 
then declined again to the Initial concentrations by the 
end of storage.The concentration of lactococcal 
populations were similar to initial levels but finally 
declined by 2 log CFU/g. Survival of L monocytogenes 
was shown to be temperature dependent, with cells 
surviving better at lower temperatures.A correlation 
between the initial autochthonous microflora and the 
final one was obtained, since phylogenetically related 
strains were present at both time points (initial and 
final) examined and at all temperatures. Prevalence 
of different bacterial strains was dependent on the 
storage temperature. 

Significance: Determination of the pathogen's 
response in a traditional cheese with wide consump
tion, and to what extent this response can be 
influenced by the biodiversity of the product, are 
important factors in product safety. 

P 1-06 Incidence of Listeria monocytogenes 
in Milk and Cheese in Macedonia 

PAVLE SEKULOVSKI, S. Mrenoski,V. Katie, 
and 0. Bunde, Faculty of Veterinary Medicine, 
Lazar Pop Trajkov 5, Skopje, I 000, Macedonia 

Introduction: Listeria monocytogenes is a foodborne 
pathogen of major concern to the milk industry. 
Macedonian food legislation does not include 
detection of L monocytogenes in foodstuffs.The 
incidence of L monocytogenes in milk products in 
Macedonia was unknown. 

Purpose:The purpose of this study was to deter
mine the occurrence of Listeria spp. and L mono
cytogenes In milk and cheese produced In Macedonia. 

Methods:The investigation was carried out on 
488 different milk products (milk and cheese; cow's 
and ewe's). Isolation was done according to the 
Horizontal method for the detection and enumera
tion of L. monocytogenes by ISO I 1290-1 2004. 

Results: L. monocytogenes was Isolated from 4.13% 
of cow's milk, 3.28% ewe's milk, 1.61 % cow's cheese 

Journal of Food Protection Supplement A - 116 
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and 1.65% ewe's cheese. In total L monocytogenes 
was isolated from 2.66% of examined samples.The 
isolation rate of Listeria spp. was 7.99% in all of the 
examined samples or in 12.4% of cow's milk, I 0.66% 
ewe's milk, 4.84% cow's cheese and 4.13% ewe's 
cheese. 

Signif,cance:These preliminary data suggest that 
L monocytogenes is present in milk products in 
Macedonia. Further Investigations are necessary to 
determine the exact prevalence. Expansion of existing 
legislation is recommended to control the presence of 
L monocytogenes in milk products In order to protect 
public health. 

Microbiological Quality and Salmonella 
and S. aureus Frequency in Reques6n 
Expended in Cremerias from Guadalajara 
City, Mexico 

LUZ E. GARAY-MARTINEZ, Sergio A.Vazquez, 
M. Concepci6n Chavez,TorresV. Ma. R.,Villarruel 
L6pez Angelica, and F. Ascencio, Universidad 
de Guadalajara, Marcelino Garcia Barragan 145 I, 
Guadalajara, Jalisco 44420, Mexico 

Introduction: Reques6n, a dairy product widely 
consumed In Mexico, is manufactured by boiling the 
whey generated from cheese production. The reques6n 
is distributed and commercialized without temperature 
control in Mexican local markets. 

Purpose: To determine the general microbiological 
quality and the incidence of Salmonella and Staphylo
coccus aureus in reques6n sold in local markets in 
Guadalajara, Mexico. 

Methods: A total of 84 samples from the main 
markets of Guadalajara were analyzed. Aerobic plate 
count (APC), coliforms (OC) and yeast and mold 
(Y/M) were enumerated using standard plate count 
agar, violet red bile agar and potato dextrose agar, 
respectively. Presence of Salmonella was Investigated 
with direct enrichment method was conducted by 
adding 25 g of the sample add 225 mililiter of broth 
pre-enrichment (broth lactose), respectively transfer 
I mililiter of the mixture to a tube that contains I 0 
mililiter of tetratlonato broth (Bioxon), incubating 
at 43'C for 24 h, then plating onto brilliant green 
sulfadlazine agar (Bioxon) and to another one with 
IO mllillter of cistina broth selenite, transfer bismuth 
sulfite agar (Bioxon) and incubating at 35'C for 24 to 
48 h and S. aureus was conducted by direct plating in 
Baird Parker Agar. 

Results: In 82% of the samples, APC levels were 
between 7.4 to 8.5 log CFU/g. In 70% of the samples, 
OC were between 2.5 to 5 log CFU/g. In 74% of the 
samples Y/M were between 4.3 to 6 log CFU/g. 
Salmonella was detected in 8.4% of the samples. S. aureus 
was present In 88% of the samples at levels between 
5.1 to 6.3 log CFU/g. 

Signi(icance:The results demonstrate the need to 
develop and implement food safety controls during 
processing and distribution of reques6n, which should 
be considered a high risk food. 

I 17 - Journal of Food Protection Supplement A 

P 1-08 Comparison Study between 3M'" Petri
film '" Rapid Coliform Count Plates 
Methods and Desoxycholate Agar Meth
ods for Pasteurized and Processed Milk 

Takatoshi Moriyam and AKIO KITAHARA, 3M 
Health Care Limited, 8-8, Minami Hashimoto 
3-Chrome, Sagamlhara-shi, Kanagawa, 229-1185, 

Japan 

A serious incident of food poisoning caused by 
contamination of low fat milk occured in Japan in 
2000.At that time, several Incidents heightened 
consumers' concerns about the quality of dairy 
products. To address this situation, the Japan Dairy 
Industry Association determined they should urgently 
establish a guideline for voluntary inspection to 
improve the quality of milk products and to regain 
trust among the Japanese consumer.The Japanese 
official method for coliform testing is desoxycholate 
agar. It must be carefully prepared and requires a 24-h 
incubation time. In fact, the desoxycholate agar method 
is not a commonly used agar for food testing in other 
regions of the world, particularly in countries export
ing product to Japan. In this study, 3M'" Petrlfilm'" 
Rapid Coliform Count (RCC) Plates were compared 
to the Official Japanese Method. For the comparison, 
E.coli IFO 330 I, E.coli IFO 3972, Enterobacter aerogenes 
I FO 13534, and Pseudomonas fluorescens 1AM 1200 I 
were Inoculated to pasteurized and processed milk at 
levels of 1.0-9.9/ml and 0.1-0.9/ml respectively, and 
plated using both methods. Bacterial counts were 
made following 7, 12, 24, 48 h incubation at 35'C. 
A Rapid Test Method Assessment Committee was 
established to review and assess count results and 
information about practical usage from the study. 
Results from this evaluation showed no significant 
difference in coliform counts between the two 
methods and showed better practical usage with the 
3M™ Petrifilm'" RCC plate.The 3M'" Petrifilm™ RCC 
Plate method provides satisfactory results, in half the 
time compared to the Official Japanese Method. 
Acceptance of the 3M'" Petrifilm'" RCC Plate AOAC 
Official Method 2000.15 by the Japan Dairy Industry 
Association means that countries exporting dairy 
products to Japan may feel confident in their use of 
the 3M'" Petrifilm ™ RCC Plate method and results, as 
these will be accepted in Japan. 

P 1-09 Evaluation of 3M'" Petrifilm '" Plates for 
the Detection of Coliforms and Escheri
chia coli in Individual Cow Milk Samples 

M. M. 0. P. Cerqueira, N. E. Martins,J. Pacheco, 
M. R. Souza, C. F. A. M. Penna, L. M. Fonseca, 
R. Rodrigues, M. 0. Leite, F. F. Caldas, and 
ADRIANA DOS REIS TASSINARI, 3M do Brasil 
Ltd., Rua ProfessoraAlbertina Fortarel, 340, 
Jundiai, Sao Paulo 13.208-612, Brazil 

Escherichia coli and other coliforms are Important 
pathogens that can cause environmental mastitis in 
cows. Faster detection of these microorganisms is an 
important strategy to control damage in mammary 
glands. The objective of this study was to evaluate the 
efficacy of the 3M'" Petrifilm '" E. coli/Coliform Count 
Plate to detect E. co/I and total coliform and 3M™ 
Petrifllm '" Coliform Count Plate to detect fecal coll-
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forms in individual cow milk samples when compared 
to traditional methodology. The study was carried out 
in the Experimental Farm located in Minas Gerais 
State, Brazil. Fifty-five samples were collected from 
composite quarters of cows after foremllklng and teat 
disinfection using 70% alcohol. Total and fecal coll
forms levels were obtained using the Most Probable 
Numbers (MPN) multiple tubes technique at 30 and 
45'C, respectively, compared to results from samples 
inoculated onto 3M'" Petrifilm™ E.coli Plates and 3M™ 
Petrlfilm'" Coliform Plates at 30'C and 45'C, respec
tively. Results were analyzed statistically using the 
Chi Square Test.The MPN and 3M'" Petrifilm'" Plates 
techniques detected total coliforms in 19 and 12; and 
fecal collforms In 8 and 6, of the samples tested, 
respectively. According to the results, the MPN was 
more efficient (P < 0.05) to detect total coliforms; 
however, both tested methods were considered 
similar (P > 0.05) in the detection of fecal coliforms. 
Although E. coli was not confirmed in the traditional 
methodology, 3M™ Petrifllm ™ E. coll Plates showed 
confirmed results in 24-48 h. MPN methods generally 
take from 4-7 days to confirm results.These data 
suggest that 3M™ Petrifllm™ Coliform Plates can be 
used to detect fecal coliforms quickly. For E.coli 
detection, 3M™ Petrifilm'" E.coli Plates may be an 
Important method used to identify infected cows in 
dairy herds, since confirmed results can be obtained 
in 24-48 h. 

Diversity of Listeria monocytogenes 
Ribotypes Isolated from Farmstead 
Cheese Processing Facilities 

DENNIS J. D'AMICO and Catherine W. 
Donnelly, University of Vermont, I 09 Carrigan 
Drive, 361 Joseph Carrigan Wing, Burlington, 
VT 05405, USA 

Listeria monocytogenes isolates ( 152) recovered 
from environmental sampling of 3 farmstead cheese 
processing facilities over a I 0-week period using three 
detection/isolation protocols (USDA/FSIS, modified 
USDA/FSIS (mUSDA), mUSDA with PCR) were 
characterized by automated EcoRI ribotyplng to 
examine strain diversity within and between plants 
over time as well as the impact of enrichment media 
utilized. While most subtypes were consistently 
isolated by all enrichment procedures, DUP-10144 ( of 
a unique ribogroup) was solely isolated with protocols 
that utilize Listeria Repair Broth in primary enrich
ment. Eighty-eight isolates, recovered from a single 
facility, were differentiated into 4 ribotypes ( 19171, 
IO 144, 19157, and I 042B), in 3 ribogroups. Sixty-nine 
(78.4%) were identified as DUP-1042B, a known 
lineage I "epidemic ribotype" which has caused 
notable outbreaks due to the consumption of past
eurized milk and Mexican style soft cheese among 
others. DUP-1042B was the predominant Isolate from 
8/9 positive sites Including 2 food contact surfaces 
(FCS). The presence of this subtype on both FCS and 
non-FCS suggests cross contamination within the 
plant.These findings emphasize the potential role of 
environmental contaminants as sources of end pro-

Pl-I I 

duct contamination. While the persistence of specific 
subtypes In processing facilities has been shown, shifts 
in population subtypes between samplings in this 
study demonstrates recontamination of a single site 
with new subtypes. Furthermore, subtypes of isolates 
recovered from this plant in 2004 differ from those 
isolated here. Raw milk was not the likely contamina
tion source as raw milk isolate subtypes from the 
same farm do not match those from within the 
processing environments. Analysis of the distribution 
of rlbotypes between plants revealed that each facility 
had unique contamination subtypes. The use of 
automated ribotyplng can provide useful information 
on the ecology of different L monocytogenes strains 
within and between food processing environments 
that can be used to develop improved control 
strategies. 

Detection of Listeria monocytogenes in 
Unpasteurized Liquid Egg Commercially 
Broken in Japan 
MIHO OH KOCH I, Miyukl Nakazawa, and 
Nobuhiro Sashlhara, Q. P. Corporation, R&D 
Division, 5-13-1, Sumlyoshi-cho, Fuchu-shi, 
Tokyo, 183-0034, Japan 

Introduction: Listeria monocytogenes is an environ
mentally ubiquitous foodborne pathogen. It is also well 
known that the bacterium may contaminate livestock 
products such as chicken meat. However, there have 
been few reports about its contamination in eggs or 
egg products. 

Purpose:The purpose of this study was to 
investigate L. monocytogenes contamination in unpas
teurized liquid whole egg commercially broken in 
Japan, and to confirm that the legal liquid egg pasteur
ization method for Salmonella in Japan can be used to 
control L. monocytogenes. 

Methods: In 1993, 1994 and 2005, unpasteurized 
liquid whole egg samples were collected from 13 
commercial establishments across Japan. The samples 
were tested for the presence of Listeria species and 
L monocytogenes by selective enrichment procedures, 
and the number of L. monocytogenes was estimated 
using the most probable number (MPN) procedure. 

Results: Overall, 238 out of 803 samples (30%) 
were contaminated with Listeria spp.The Listeria spp. 
contamination levels varied among the establishments 
(ranging from 8 to 55% of the samples from each 
establishment) but did not show differences between 
1993-1994 and 2005 (28% and 33%, respectively). 
L monocytogenes was isolated from 4/803 samples 
(0.5%), which is considerably lower than known 
detection rates for other livestock products 
(5.1 ~42%). The numbers of L monocytogenes bacteria 
were further tested for the two contaminated 
samples collected In 2005, and the contamination 
levels were both below 7.5 organisms per 25 g. 

Significance:This low level contamination leads us 
to recognize that the legal egg pasteurization method 
for Salmonella In Japan should also be sufficient to 
ensure inactivation of L. monocytogenes, even taking 
into consideration its higher heat tolerance. 

Journal of Food Protection Supplement A - I 18 
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Enterobacteriaceae and Related Organ
isms Recovered from Retail Shell Eggs 

MICHAEL T. MUSGROVE and Deana Jones, 
USDA-ARS, 950 College Station Road, 
Athens, GA 30605, USA 

Many types of shell eggs are available from retail 
markets. Some consumers believe that eggs from 
hens in alternative housing systems (cage free or free 
roaming) or from organically fed hens will be of 
superior microbiological quality, Little information is 
available on the genera of microorganisms that can be 
recovered from various retail shell eggs. A study was 
conducted to compare Enterobacteriaceae contamina
tion of seven types of retail shell eggs, On three 
separate days, one dozen of the following egg types 
were purchased locally and transported back to the 
laboratory: (A) traditionally fed, housed, and pro
cessed, (B) vegetarian fed/nutritionally enhanced, (C) 
in-shell pasteurized, (D) cage-free DHA enhanced, (E) 
cage-free, organic, fertile, (F), organic and free roaming, 
and (G) cage-free, organic, kosher. Eggs ( I 0/type) 
were aseptically cracked, contents discarded, and the 
shells macerated with IO ml phosphate buffered 
saline. Aliquots (1.0 ml) from individual eggs were 
duplicate plated using violet red bile glucose agar with 
overlay and incubated at 37'C overnight to detect 
Enterobacterlaceae. For each presumptive plate, 1-5 
colonies were randomly selected and restreaked for 
purity. Purified isolates were then identified to genus 
or species using an automated biochemical testing 
system, There were 205 isolates identified. Enterobac
teriaceae genera recovered included Cedecea, Citro
bacter, Enterobacter, Escherichia, Klebsiella,Morganella, 
Pantoea, Proteus, Providencia, Salmonella, Serratia, and 
Yokenella. Closely related organisms identified from 
retail egg shells Included Aeromonas, Burkholderia, 
Pseudomonas, Sphingobacterium, and Vibrio. Numbers 
of isolates identified per egg type were: (A) 75, (B) 
16, (C) 6, (D) 3, (E) 21, (F) 42, and (G) 42. Salmonella 
were recovered from types A, B, and E. Traditional 
eggs (A) harbored the greatest number of isolates 
while in-shell pasteurized (C) and (D) cage-free 
nutritionally enhanced were the least contaminated, 
Bacterial contamination of shell eggs appears to be 
influenced by more than cage system or type of 
ration, 

Development of Ozone-based Technology 
to Eradicate Salmonella Enteritidis within 
Shell Eggs 

Luis A Rodriguez-Romo, MUSTAFA VURMA, and 
Ahmed E.Yousef,The Ohio State University, 
Dept, of Food Science and Technology, 2015 
Fyffe Road, Columbus, OH 43210, USA 

Consumption of eggs contaminated with 
Salmonella Enteritidis results in 700,000 cases of 
salmonellosis and $1. I billion in losses annually in 
the United States. Processes available to inactivate 
Salmonella within shell eggs are limited, lengthy, or 
deleterious to egg quality, Previous experimental 
evidence, at the bench-top scale level, indicated that 
shell-egg processing using ozone and mild heat 
combinations could ensure egg safety and quality. 
The objective of this study was to develop a pilot
scale ozone-based egg sanitizer and to assess equip-
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ment usability to produce Salmonella-free shell eggs 
though sequential application of mild heat and ozone 
gas.An ozone-processing system was designed, 
assembled, and set up in a biosafety level-2 pilot 
plant.The prototype consisted of a high-yield ozone 
generator, and a stainless-steel vessel (300 liter) 
equipped with egg-holding trays, air-circulation fan, gas 
inlet/outlet ports, vacuum pump, and ozone monitor. 
Shell eggs internally contaminated with Salmonella 
Enteritidis (~ I 07 CFU/g egg), using a standardized 
inoculation protocol, were heated in water (57-59'C) 
for s 25 min, transferred to the processing vessel, 
placed under vacuum (IO in Hg), and subsequently 
treated with ozone gas ( I 0-12% wt/wt 0 3 in 0 2; 

s 15 lb/in 2-gauge) for s 40 min. Processing contami
nated eggs in the prototype equipment significantly 
decreased internal Salmonella population (P < 0,05), 
when compared to the heat-treated control. For 
example, heating eggs at 57'C for 25 min followed by 
vacuum application (IO in Hg), and ozone (~I 0% wt/ 
wt 0

3 
in 0

2
; IO lb/In 2-gauge) for 40 min, synergistl

cally inactivated Salmonella Enteritidis by :z: 7 log, 
Selected efficacious combination treatments were 
found to minimally affect the quality of egg contents. 
In conclusion, processes relying on sequential 
application of heat and ozone, in properly designed 
pilot-scale equipment, can effectively eliminate 
Salmonella in shell eggs.This newly developed system 
may be considered for future industrial application. 

Microbiological Safety of Sandwiches 
from Hospitals and Residential Care 
Homes for Listeria monocytogenes and 
Other Listeria spp. 

CHRISTINE L. LITTLE, Satnam Sagoo, Kathie 
Grant, and Jim Mclauchlin, Health Protection 
Agency Centre for Infections, Dept. of Gastro
intestinal Infections, 61 Colindale Ave., London, 
NW95EQ,UK 

Introduction: In the UK, three recent outbreaks 
of Listeria monocytogenes associated with sandwiches 
purchased from or provided in hospitals have 
occurred.This is of concern due to the increased 
risk posed to vulnerable groups, and the severity of 
disease; hence the focus of this study was on sand
wiches served In hospitals and residential/care homes. 

Purpose:There Is a scarcity of information on the 
prevalence of L monocytogenes in sandwiches pur
chased or provided within hospitals and care homes, 
A study would address this gap in current knowledge, 
and also highlight to proprietors Issues linked to 
temperature control, growth of Listeria spp., and good 
hygiene practices. 

Methods: 3250 sandwich samples collected 
between April 2005 and March 2006 were examined 
for the presence and levels of L monocytogenes and 
other Listeria spp. Product and premises information 
was collected to determine possible risk factors that 
may be associated with contamination of sandwiches. 

Results:The overall contamination rate of Listeria 
spp. In sandwiches from hospitals and care homes was 
7.3%. L. monocytogenes was detected In 2.7% (89) of 
samples, 88 at <IO CFU/g and one at 20 CFU/g, 
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99.9% (3,247) of samples were of satisfactory/ 
acceptable microbiological quality, and 3 (0.1 %) were 
unsatisfactory due to > I 00 CFU/g of Listeria spp. 
(L welshimeri: 180, 7400 CFU/g; L seeligeri: 1800 CFU/ 
g). Sandwiches from hospitals and care homes were 
contaminated with Listeria spp. and L. monocytogenes 
more frequently when not made on the premises and 
prepacked, collected from shops and cafeterias within 
hospitals, or stored or displayed above 8°C. 

Significance:Thls study demonstrates that the 
control of L monocytogenes in sandwich manufacturing 
and within storage and handling In hospitals and care 
homes is critical in order to diminish the potential for 
this bacterium to be present and multiply In sand
wiches to levels hazardous to health. 

Viability of Enterobacter sakazakii in 
Reconstituted Infant Formula Containing 
the Lactoperoxidase System 

JOSHUA B. GURTLER and Larry R. Beuchat, 
University of Georgia, Center for Food Safety, 
Dept. of Food Science and Technology, I I 09 
Experiment St., Griffin, GA 30223-1797, USA 

Neonatal bacteremia and meningitis caused by 
the opportunistic pathogen Enterobaeter sakazakii have 
been associated with the consumption of reconsti
tuted powdered infant formula. A study was done to 
determine the effects of the lactoperoxidase system 
(LPOS) and storage temperature on survival and 
growth of E. sakazakii in a milk-based powdered Infant 
formula reconstituted with water. Initially at 0.03 
CFU/ml, E. sakazakii grew to 2.40-2.74 log CFU/ml in 
reconstituted infant formula held at 30 or 37°C for 8 
h and 0.60 log CFU/ml in formula held at 21 'C for 12 
h. The pathogen was not detected (less than I CFU/ 
227 ml) by enrichment of formula treated with I 0-30 
µg/ml LPO and stored for 24 h at 37°C or 30 µg/ml 
LPO and stored for 24 h at 30'C. Populations of 
E. sakazakii, initially at 4.40 log CFU/ml In reconsti
tuted infant formula containing 5 µg/ml LPO, did not 
change significantly (P = 0.05) for up to 12 h at 21 or 
30'C. Populations either decreased significantly or 
were unchanged in formula supplemented with IO µg/ 
ml LPO followed by storage at 21, 30, and 37'C for up 
to 24, 8, and 8 h, respectively. Results indicate that 
LPOS can be used to control the growth of E. saka
zakii in reconstituted infant formula, thereby poten
tially reducing the risk of neonatal infections resulting 
from consumption of formula that may be contami
nated with the pathogen. The LPO system, when 
added to reconstituted powdered infant formula, may 
also aid in reducing the incidence of other neonatal 
infections associated with the consumption of infant 
formula. 

Inactivation of Human EntericViruses and 
Viral Surrogates in Fresh Salsa Using High 
Hydrostatic Pressure 

JENNIFER L. CASCARINO, Dallas G. Hoover, 
Doris T. Hicks, Lori F. Pivarnik, and Kali E. Kniel, 
University of Delaware, Dept. of Animal and 
Food Sciences, 044 Townsend Hall, Newark, DE 
19716, us 

Pl-17 

Introduction: Human enteric viruses are a major 
cause of food borne illness. Food borne viruses are 
commonly associated with raw foods that could be 
improved with the use of a non-thermal process that 
inactivates viruses. High hydrostatic pressure (HHP) 
Is a nonthermal treatment that will preserve the raw 
quality of foods and Inactivate pathogens. 

Purpose: The objective of this study was to 
inactivate hepatitis A virus (HAY), Aichi virus (AiV), 
and feline caliclvirus (FCV), a norovirus surrogate, in a 
fresh salsa using HHP. Ready-to-Eat foods, like fresh 
salsa, are minimally processed and handled often, 
making them susceptible to virus contamination. 

Methods: Fresh salsa was inoculated with virus 
then pressure treated. Samples were treated for I, 5, 
and IO min at 9'C at 250,400, and 500 MPa. Virus 
was recovered from samples using a vortex method 
or cationlcally charged beads and serially diluted. 
Virus activity was determined using the TCI D50 assay 
in CrFK cells. 

Results: No virus activity was observed after a 
400 MPa (5 min) treatment for HAY and FCV. HAY 
was reduced by 7-log and FCV was reduced by 8-log. 
AiV is more pressure resistant and was not reduced 
after a 500 MPa (5 min) treatment. 

Significance: HHP is an innovative technology that 
has been shown to inactivate viruses including HAY 
and FCV, and can be used for Ready-to-Eat foods like 
salsa which have been implicated in past outbreaks. 
Parameters must be further investigated to Inactivate 
food borne viruses like AiV which are more pressure 
resistant. 

Comparison and Validation of IS900-
sequence and Putative Sequence as a 
Diagnostic Tool to Mycobacterlum avlum 
subsp. paratuberculosls 

TESHOME YEHUALAESHET, Marica Montgom
ery, Mica Vapner, andTsegaye Habtemarlam, 
Tuskegee University, CVMNAH, Dept. of 
Pathobiology, Tuskegee,AL 36088, USA 

Introduction: Until recently, only a few M. avium 
subsp. paratuberculosls (MAP)-specific genes and 
antigens/epitopes have been identified. The develop
ment of a specific immunological test for the detec
tion of MAP is still hampered by the antigenic cross
reactivity between MAP and other mycobacteria 
species. The specificity of the 1S900 transposon as a 
detection tool has been called into doubt recently due 
to the discovery of an IS900-like element in non-MAP 
strains. 

Purpose:The objective of this study was to use 
the real-time PCR to validate and compare a new 
putative sequence (Mptb52.16) and the IS900-insert
ion segment as diagnostic tools to identify MAP. 

Materials and Methods: Clinical isolates and 
ATCC reference strains were cultured in Lowenstein
Jensen media.After optimization of the PCR, the 
DNA extracted from the culture and spiked milk 
was subjected to real time PCR.Addltionally, related 
mycobacterlal strains (M. fortuitum subsp. fortuitum, 
M. intracel/ulare, M. kansasii, M. marinum, M. phlei, and 
M. scrofulaceum) were included to validate the spec
ificity of the target gene(s) as a diagnostic tool. 
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D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/sp1/1/1679800/0362-028x-70_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

Pl-18 

Resu/ts:We were able to amplify both diagnostic 
targets (IS900 & Mptb52. I 6) from all MAP strains 
included in the experiment. Single and Multiplex-PCR 
of IS900 and putative sequence Mptb52. I 6 showed 
the presence of two distinct amplicons of 124 and 156 
bp in length, respectively.The new putative sequence 
was specific only to MAP, whereas the IS900-segment 
cross reacted with other non-mycobacterial samples. 

Signiffcance:The new putative sequence has better 
specificity than the IS900 sequence as a diagnostic 
tool to delineate MAP from related Mycobacterlal 
strains.An early, accurate and specific diagnostic 
protocol will assist the tracking of contaminated 
herds, food products and would ultimately contribute 
to reducing exposure. 

Comparison of a Multiplex PCR with 
Conventional Method for Monitoring of 
Vibrio parahaemolyticus in Seafoods of 
South Korea 

SEUNG-HWAN KIM, Young-Mi Park, Hyun-Suk 

Oh, Dal-Hwan Kim,Young-Min Shln,Jong-Mi Lim, 

Chang-Yong Yoon, In-Sun Joo, and Soon-Han 
Kim, Daegu regional KFDA,Testing and Analysis 

Team, 1220-9, Egok-Dong, Daise-Gu, Daegu 
704-940, Republic of Korea 

Introduction: Vibrio strains are the second leading 
cause of food borne disease in South Korea, are ever
present in marine and estuarine environments, and are 
naturally present in or on fish and other seafoods. 
Typically, human infections with this organism result 
from the consumption of raw or undercooked 
seafoods, and Koreans prefer to eat raw seafoods 
such as sushi, which make V. parahaemolyticus infection 
more common. 

Purpose:To compare a multiplex PCR method 
with a commonly used TCBS method for monitoring 
contamination levels of V. parahaemo/yticus in raw 
seafood. 

Methods:We monitored this microorganism in 
various fisheries products and analyzed a total 208 
samples. Detection of V. parahaemolyticus In samples by 
a multiplex PCR amplification procedure targeting the 
toxR gene was conducted and the TCBS method was 
used in accordance with the Korea Food & Drug 
Administration's Code of Food Manual. 

Resu/ts:The occurrence of V. parahaemolyticus in 
seafoods ranged from 0% (March) to 54% (October) 
and the Isolation rates of V. parahaemolyticus gradually 
increased as the temperature rose. The TCBS method, 
as applied to 50 samples of seafood, resulted in 27 
samples that were positive, while 28 samples were 
positive by multiplex PCR.The multiplex PCR 
detected other Vibrios strains along with V. parahae
molyticus in a single assay. 

Signiffcance:These data suggest that the multplex 
PCR, with an elevation in testing and labor time, may 
provide more rapid and reliable detection of V. para
haemolyticus when compared to conventional 
detection methods. 

121 - journal of Food Protection Supplement A 
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Detection of Listeria monocytogenes in 
Blue Crab Meat (Callinectus sapidus) 
and Blue Crab Processing Plants Using 
Automated BAX Polymerase Chain 
Reaction and Standard Culture Method 

SIVARANJANI PAGADALA, Thomas Rippen, 

Martin Weidmann, Jurgen Schwarz,Jeannie 
Harter-Dennis, and Salina Parveen, University of 

Maryland Eastern Shore, 21 12 Center for Food 

Science Technology, Princess Anne, MD 21853, 
USA 

Listeria monocytogenes Is a foodborne pathogen 
constituting a major threat to the safety of our food 
supply. Several methods are used for detecting 
L. monocytogenes in food and environmental samples. 
However, little information is available about the 
comparison of BAX polymerase chain reaction 
(BAX PCR) and Standard Culture Method (SCM) 
for detection of L monocytogenes in blue crab meat 
and crab processing plants. The aim of this study was 
to compare the BAX PCR system with the SCM for 
detection of L monocytogenes in crab meat and crab 
processing plants. Samples were collected monthly 
from seven processing plants during the plant 
operations (May-November 2006). A total of eight 
raw crabs, eight finished product and eight environ
mental sponge samples were collected from each 
plant during each visit. For detection of L monocyto
genes from raw crabs and finished products, enrich
ment was performed In Listeria enrichment broth, 
whereas for environmental samples, Demifraser broth 
was used followed by plating on both Oxford agar and 
L. monocytogenes Plating Medium. Enriched samples 
were also analyzed by BAX PCR. A total of 960 
samples were examined; 43 were positive by BAX 
PCR and SCM.There was no significant difference 
(P ,,;; 0.05) between the incidence of L monocytogenes 
in crab meat and crab processing plants detected by 
both methods. However, SCM performed better for 
detecting L monocytogenes in raw crabs than the BAX 
PCR. Six and 7% of environmental samples were 
positive for L monocytogenes by SCM and BAX PCR, 
respectively, whereas only I and 5 finished products 
were positive. The results of this study indicate that 
BAX PCR is as sensitive as SCM for detecting L mono
cytogenes in crab meat and crab processing plants. 
While the BAX system provides results in about 
3 days, the SCM allows the isolation of L monocyto
genes in 6 days. 

Comparison of the Direct Colony 
lmmunoblot to DNA Hybridization 
for Enumeration of Vibrio vulnif,cus 
in Oysters 

RESHANI N.SENEVIRATHNE, Marlene E.Janes, 

Janet G. Simonson,Jon Bell, and Amrish Chawla, 

Louisiana State University, 111 Food Science 
Bldg., Baton Rouge, LA 70803, USA 

Introduction: One of the major pathogens assoc
iated with raw oysters is Vibrio vulniffcus (Vv).The 
development of a more rapid, reliable and user
friendly method forVv enumeration is needed. 
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Purpose:The objective of this study was to 
compare the rapid direct colony lmmunoblot (DCI) 
assay to the DNA probe hybridization method for 
enumeration of naturally occurringVv in oysters. 

Methods: Oysters (Crassostrea virginica} were 
harvested from the Gulf of Mexico off the coast of 
Louisiana from April 2006 though November 2006. 
The oysters were placed at S'C andVv counts were 
determined at 0 h, 4 h, 24 h, 7 and 14 days. Oysters 
were cleaned and opened aseptically using sterilized 
oyster knives. Oyster aliquots ( I 50 g-200 g) were 
mixed with equal amounts of Alkaline Peptone Water. 
Serial I 0-fold dilutions in PBS were made from each 
oyster homogenate and I 00 µI aliquots were plated 
ontoVVA plates.The plates were Incubated 16h at 
3S'C and colonies were counted. Vibrio vulni(,cus was 
enumerated directly from each WA plate by direct 
colony immunoblot (DCI) and DNA probe hybridiza
tion (DH) using previously described methods. 

Results:There was no significant difference 
between the DCI and DH methods at 0, 4 and 24 h, 
with both methods havingVv counts of about 2.90 log 
CFU/g. By day 7 the counts were (2.62 log CFU/g) 
compared to the DCI (2.22 log CFU/g). By 14 days 
the counts for both methods were not significantly 
different from each other ( I log CFU/g).The DCI 
method exhibited comparable Vv counts in raw 
oysters as the DH method except for day 7, which 
may be due to false positive colonies detected by the 
DH method. 

S/gnif,cance:The DCI could be a more reliable and 
user-friendly method for enumeration of Vv In raw 
oysters. 

Validation of Post-harvest Processing 
Using Ultra-low Freezing of Oysters 

Anita C.Wright,Victor Garrido, MELISSA 
FARRELL-EVANS, ArchanaA. Mudbidri, Georgia 
Debuex, and W. Steven Otwell, The University 
of Florida, 359 FSHN Bldg., Gainesville, FL 
32611, USA 

Introduction: FDA policy recently mandated post 
harvest processing (PHP) for oysters harvested from 
Gulf Coast states in order to reduce the risk of Vibrio 
vulni(,cus contamination, which is associated with rare 
but frequently fatal infections following consumption 
of raw oysters by susceptible persons. PHPs include 
high hydrostatic pressure, pasteurization, and ultra-low 
temperature freezing, and validation of PHP requires 
most probable number (MPN) enumeration of V. vul
ni(,cus in enrichment broth with species confirmation 
from Isolation on selective medium and DNA probe 
colony hybridization.There is an urgent need for more 
efficient and cost-effective assays to facilitate industry 
compliance with these regulatory guidelines. 

Purpose: Ultra-low freezing in liquid nitrogen was 
examined as a process for reduction of V. vulni(,cus In 
oysters. Application of quantitative PCR (QPCR) to 
confirm most probable number (MPN) was compared 
to standard methods for PHP validation studies. 

Methods: DNA was extracted from MPN enrich
ment broth cultures by a simple boiling method, and 
QPCR products were detected using SYBR Green 
I. The assay proved I 00% specific and sensitive for 
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V. vulni(,cus, and approximately one bacterium could be 
detected from overnight growth In enrichment broth. 
Species-specific confirmation of MPN by QPCR for 
growth in enrichment broth was comparable (R2= 
0.97) to standard methods and reduced assay time 
by 2-3 days. 

Results: Both assays validated the freezing 
processes for oysters and showed that the numbers 
of V. vulni(,cus in oysters were reduced from about 
I 0,000 pre-treatment to I 00 MPN/g Immediately 
following PHP, and to :s: IO MPN/g by day 21. There 
was no evidence that QPCR detected residual DNA 
from dead or dying bacteria. 

Signif,cance:This report supports the application 
of ultra-low freezing for PHP of oysters and the use 
of QPCR for more rapid analysis of V. vulni(,cus in 
validation trials. 

A Novel Technology for Senegalese Fish 
Preservation by Combined Treatment 
with Salt and Fermentation Products 
of Bacteriocin-producing Lactic Acid 
Bacteria during Storage at I 0°C 

MICHEL B. DIOP, EmmanuelTine,Jacqueline 
Detain, El H. A Ngom, and Philippe Thonart, 
Faculte Universitaire Sciences Agronomiques 
Gembloux (Belgium) and University C.A. DIOP 
(Senegal), Passage des Deportes, 2, Gembloux, 
B-5030, Belgium 

The search by developing countries to ensure 
the safety and quality of their seafood commodities 
is a great challenge because of the importance of 
microbiological data to the food trade system. An 
evaluation of antibacterial activities using combina
tions of salt with bacterioclns from two recently 
selected lactic acid bacteria identified as Lactococcus 
lactis subsp. lactls (CWBI-B 1410), and Lactobacillus 
curvatus (CWBI-B28) was undertaken. Lean and fat 
Senegalese fish species (sum pat grunt, giant African 
threadfin, smoothmouth sea catfish) purchased from 
a local market, were monitored during 22 days of 
storage at I 0'C, by total bacteria counts, using a level 
of 6 log CFU/g as the end of storage, and those levels 
compared to those product to which salts (500 + 500 
ppm sodium benzoate and sorbate) added.The level of 
bacteria in fish species was 5.33 log CFU/g. Enteric 
and H

2
S-produclng bacteria were dominant during 

storage of fish at ambient temperatures, whereas 
lactic acid bacteria became dominant during salt 
treatment combined with storage at I0'C.The 
storage offish in 14% (m/v) saline solution at I 0'C 
resulted in a 1.5 log CFU/g decline of total bacteria 
counts which were stabilized for 4.5 and 7 days, 
corresponding to shelf life of fat and lean fish species, 
respectively.The combinations of salt with sodium 
benzoate and sorbate, cell-free supernatant of CWBI
B 1410 cultures, and cell-free supernatant of CWBI
B28 cultures, delayed the increase of bacteria number, 
resulting an extension of shelf life of 14, 12 and 8 days 
for lean fish; 5, 7 and 8 days for moderately fat fish; 
and 2.5, 7.5 and 13.5 days for fat fish.These data 
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suggest that this soft technology can be a suitable 
strategy for enhancing bacterial quality of tropical fish 
products. 

Genetic Diversity of Salmonella enterica 
SerovarWeltevreden Isolates from 
Imported Seafood 

Elizabeth Ponce, ASHAF KHAN, Chorng-Ming 

Cheng, Christine Summage, and Carl E. Cerniglia, 

FDA, 3900 NCTR Road, Microbiology Division, 

NCTR,Jefferson,AR 72079, USA 

lntroduction:Acute gastroenteritis caused by 
Salmonella continues to be a world wide public health 
concern. A variety of food including poultry, beef, 
pork, eggs, milk, fish, shellfish, juices, vegetables and 
fruits have been implicated as vehicles transmitting 
salmonellosis to humans. 

Purpose:The purpose of this study was to assess 
the extent of genetic diversity among Salmonella 
enterica serovar Weltevreden isolated from Imported 
seafood using antibiotic resistance, genomic restric
tion fragment analysis by Pulsed-field gel electro
phoresis (PFGE) and plasmid profiles. 

Methods: Thirty-seven Salmonella Weltevreden 
strains were Isolated from imported sea foods from 
20 countries during 2000-2005. Isolates were 
screened for susceptibility to amplcillln, chloramphenl
col, gentamlcln, kanamycln, streptomycin, sulflsoxazole 
and tetracycline by the disk diffusion method. Plasmid 
DNA was isolated by a modified alkaline lysis method 
and analyzed by agarose gel electrophoresis. For the 
PFGE, the agarose plugs of total genomic DNA were 
digested with Xbal with or without BSA and frag
ments were resolved in I% agarose for 19 h. 

Results:Thirty-flve of the 37 isolates were 
sensitive to all the antibiotics tested. 

Isolate 61 I was resistant to ampicillin and 
tetracycline, while isolate 631 was resistant to 
streptomycin, sulflsoxasole and tetracycline. The 
plasmid analysis of the 37 isolates showed that two 
isolates (797 and 808) did not carry the plasmid.The 
remaining 35 isolates were differentiated into I 0 
distinct profiles based on the presence of different 
sizes of plasmids.The use of BSA In the restriction 
enzyme reaction of the PFGE plugs enhanced the 
activity of the Xbal enzyme, allowing complete 
digestion of DNA in five h. PFGE of Xbal restriction 
digest of DNA from the 37 isolates generated 31 
PFGE profiles containing IO to 15 restriction 
fragments. Four different PFGE clusters of Salmonella 
Weltevreden were obtained with a genetic similarity 
ranging from 66% to 76%. 

Significance: PFGE patterns obtained were helpful 
in identifying similar strains Isolated from different 
seafood samples, in different countries and years. The 
combination of molecular methods (PFGE, plasmid 
profile) with antibiotic resistance profiles helps to 
detect genetic changes that can be insufficient to alter 
the PFGE patterns. Data obtained will be useful in 
assessing epidemiological spead of Infectious diseases 
and to trace foodborne outbreaks. 
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P 1-24 Eat Puffer and You Will Suffer 

GEORGE R. JACKOW SR., Dean Bodager, and 
Joy Hill, Brevard County Health Dept., 2575 N. 
Courtenay Pkwy., Merritt Island, FL 32953-4147, 

USA 

Introduction: Since 2002, a perplexing public health 
problem had suddenly emerged In the recreational 
waters of the Indian River Lagoon and Banana River, 
Brevard County, Florida. It involved Puffer fish 
previously thought to be safe for human consumption. 
Professional and recreational fisherman were 
becoming severely ill and in some Instances required 
hospitization. 

Purpose: As a result of the Puffer Fish Poisonings 
(PFP) the scientific community assembled the 
resources to conduct intensive research in hopes of 
determining the source and cause of the poisonings. 

Methods:An environmental and epidemiological 
investigation process was initiated to collect samples 
of the sealife that Inhabited the ecosystem within the 
Indian River Lagoon and Banana River. Surveillance and 
extensive inquiries were vigorously pursued utilizing 
county health department foodborne illness log, 
Florida Poison Control, local health care providers, 
hospital infection control practitioners and emergency 
departments. 

Results:The Florida Fish and Wildlife Conserva
tion Commission and United States Food and Drug 
Administration confirmed sax/toxin and dinoffagellate 
Pyrodlnium bahamense from the Indian River Lagoon, 
and in other biota.Toxin profiles revealed Pyrodinum 
bahamense, which was previously not known to be 
toxic in the United States. Risk communication was 
critical and imperative and consequently, posters, 
flyers, press releases, information palm cards and a 
DVD entitled Puffer fish: Poison Prevention was 
produced and distributed for public consumption and 
viewing. Since the release of the locally in house 
produced DVD no cases of Puffer Fish Poslonlng have 
been reported. 

P 1-25 Bacteriological Quality of Shellfishes 
Culture Waters Located at the South Bay 
in Santa Catarina's Island, Brazil 

Roberta Juliano Ramos, Renata D'Aqulno Faria, 
Muri lo Anderson Pereira, Nelson Silveira Junior, 

Gisele Volpato de Souza, Mirelle Micheletto 
Carradore, and CLEIDE ROSANA V. BATISTA, 

Unlversidade Federal de Santa Catarina, Rodovia 

Admar Gonzaga, 1346, Florlan6polis, Santa 
Catarina 8803400 I, Brazil 

The incidence of pathogenic microorganisms in 
seafood such as oysters and mussels, depends mostly 
on the microbiological quality of the environment in 
which they are harvested. In Santa Catarina, Brazil, 
the seafood industry grows annually, highlighting the 
need for sanitary control of seafood harvesting 
waters. 

The aim this work was to evaluate the bacterio
logical quality of the culture waters of sea farms 
located In six different regions of the South bay of 
Santa Catarina's Island in Brazil.A total of sixty 
samples were analyzed, from March to December 
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of 2006, originating from six different culture areas of 
the region, Identified from south to north as A, B, C, D, 
E, and F. Microbiological analysis for coliforms at 35 
and 45°C, using MPN methods described in Standard 
Methods-21st Edltion-2005, was done. From the 
monthly results, a geometric mean of collforms at 35 
and 45°C was calculated, and the 90th percentile of 
coliforms at 45'C from the ten collections done in 
each culture area.The geometric mean of, as well as 
collforms at 35 and 45°C were as follows: area A: 2.49 
and 2.41 MPN/ I 00 ml; area B: 3.26 and 2.76 MPN/ I 00 
ml; area C: 3.13 and 2.52 MPN/ I 00 ml; area D: 15.39 
and 5.43 MPN/100 ml; area E: 65.95 and 11.77 MPN/ 
I 00 ml and at F area: 16.79 and 3.65 MPN/100 ml. 
The 90th percentile was 5.75 MPN/I00ml to the 
A area; 7.82 MPN/ I 00 ml to B area; 7.35 MPN/100 
ml C area;57.I MPN/100 ml D area; 163.1 MPN/100 
ml E area and 17.6 MPN/ I 00 ml at F area. The 
coliform averages suggest that the waters in Santa 
Catarina's South bay are acceptable for shellfish 
culture and are In accordance with Brazilian legislation, 
except for Area E, for which the 90th precentile was 
above the 88 MPN/I00ml limit established at the 
Resolution 357-CONAMA-2005/BRASIL. 

P 1-26 Depuration in Cold and Ambient Water 
Changes the Microbiological Profile of 
Gulf Coast Oysters 
OLEKSANDR TOKARSKYY, L. S. Andrews, 
and D. L. Marshall, Mississippi State University, 
Dept. Food Science, Nutr., Health Prom, 
Mailstop 9805, Herzer Bldg., Stone Blvd., 
Starkville, MS 39759, USA 

Oysters harvested from the US Gulf of Mexico 
may contain pathogenic vibrlos In warmer months and 
pose a significant foodborne illness risk for high risk 
consumers of raw oysters. The objective of this 
study was to compare the microbiological profile of 
summer-time harvested raw oysters immediately after 
harvesting and after two weeks depuration in cold 
( I 0"C) and ambient (26 °C) salt water ( 12, 16, and 20 
ppt). Oysters were periodically harvested April though 
September 2006. Three replications were performed 
for each salinity. Each set of oysters was split, and 
analyzed either immediately or after a 2-week 
depuration period. Aerobic plate counts (APC, 32°C, 
48 h) were performed using diluted stomached 
shucked oyster meats in phosphate buffered saline. 
Dominant colony morphotypes were determined 
from APC plates (up to 18 Isolates per plate).The 
isolates were identified using gas chromatography of 
membrane fatty acid methyl esters (MIDI). Salinity 
level did not impact results; therefore, data for all 
salinities were combined.At time of harvest, vibrios 
dominated in fresh oysters (55% of isolates). Depura
tion in ambient water decreased APC from 5.6 log 
CFU/g (fresh) to 5 log, while cold water treatment 
slightly increased counts (5.7 log).Warm water 
depuration isolates (72 total) consisted mostly of 
Vibrio spp. (31, or 43%) and Shewanel/a (22, or 31 %). 
Warm water depuratlon produced (31 total) the 
following pathogenic species: V. parahaemolyticus ( 17 
Isolates), V. cholerae (3) and V. vulnificus (I). Cold water 
depuration isolates (58 total) consisted mostly of 
Pseudoalteromonas ( 19, or 33%), Vibrio ( I I, or 19%) and 
Shewanel/a ( I I, or 19%). Cold depuration vibrios ( I I 
total) were mostly non-pathogenic species, with only 

2 isolates Identified as V. parahaemolyticus. Cold water 
depuration of raw oysters kept animals alive while 
reducing the predominance of pathogenic vlbrlos in 
the total microflora. 

P 1-27 Monitoring of Vibrio parahaemolyticus 
Contamination Levels in Seafood, 
the Southern Area of South Korea, 2006 
Y. M. Sin,JONG-MI LIM, H. S. Lee, H.J. You, 
K. H. Kim, S. M. Kim, H.K. Oh, I. S.Joo, 0. S. Huh, 
S. H. Kim, C.Y. Yoon, K.J. Kang, K. S. Park, D. B. 
Kim, and 0. H. Kim, Busan Regional Korea Food 
& DrugAdministration, 123-?Yongdang-dong, 
Nam-gu, Busan, 608-829, Korea 

lntroduction:Among foodborne pathogenic bact
erias, Vibrio parahaemolyticus has been shown to be the 
second illness~causing microorganism in South Korea. 
Foodborne outbreaks by this pathogenic microorgan
ism are usually associated with consumption of con
taminated seafood, and Koreans prefer to eat raw 
seafood such as sushi, which make V. parahaemolyticus 
infection more common. 

Purpose:To monitor and quantify contamination 
levels of V. parahaemolytlcus In seafood, especially raw 
seafood. 

Methods:We monitored this microorganism in 
various fisheries products and analyzed a total of 212 
samples, which were obtained from Busan (21.7%), 
Ulsan (20.2%), Suncheon ( 14.1 %), Samcheonpo (27.7%) 
and Jeju island ( 16.1 %). Isolation of V. parahaemolyticus 
was determined using the Korea Food & Drug 
Administration's Code of Food Manual and quantita
tive assay was done using a modification of the Plate 
Count Method. 

Resu/ts:The total isolation rates of V. parahae
molyticus were 32.08% which was comprised of 32.2% 
from raw fishes and 31.75% from other seafood.The 
isolation rates of V. parahaemolyticus gradually increase 
from June (3.2%) and rapidly Increased in July 
(68.96%), as the temperature rose.The Samcheonpo 
region showed the highest isolation rate (61.8%) and 
Jeju island (6.25%) was the lowest. Based on quantita
tive estimates, we can expect an approximate 3.3% 
rate of V. parahaemolyticus contamination of fisheries 
products. This quantitative data may be used to 
consider more reasonable microbiological limits and 
guidelines for V. parahaemolyticus in seafood products. 

Significance: Quantitative analysis as well as 
qualitative analysis, like this study, is needed to control 
foodborne pathogenic bacteria and will need to be 
revised to allow reasonable distribution and produc
tion in the fields. 

P 1-28 Incidence and Enterotoxiginicity of 
Clostridium perfrlngens and Bacillus cereus 
from Retail Seafood 
Talat Rahmati and RONALD LABBE, University 
of Massachusetts, Dept. Food Science,Amherst, 
MAO I 003, USA 

Introduction: Bacillus cereus and Clostridium 
perfringens are agents of food borne illness but little is 
known about their presence In retail seafood. In the 
spore state these agents are able to survive certain 
food processing procedures. 

Journal of Food Protection Supplement A - 124 
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Purpose:The purpose of this work was to deter
mine the levels and enterotoxlgenlcity of B. cereus and 
C. perfringens in retail seafood. 

Methods:A total of 31 I fresh and processed 
seafood samples were examined for the presence of 
these organisms, using FDA Bacteriological Analytical 
Methods as well as for the genes for non-hemolytic 
enterotoxin (NHE) components nheA, nheB, and nheC 
and for the genes for the hemolysin BL (HBL) 
complex hblA, hblC, and hblD using PCR. 

Results:Twelve (4%) of samples contained 
C. perfringens at levels of 3.6 to 240 CFU/g. None of 
these isolates possessed the enterotoxin gene. These 
were not further characterized. By comparison 62 of 
samples were confirmed positive for B. cereus at levels 
of 3.6 to > 1100 CFU/g. Of these, 48 and 27 isolates 
possessed genes for one of more components of NHE 
and HBL, respectively. One isolate possessed the gene 
for the peptide synthetase cereulide (ces) for the 
B. cereus emetic toxin, cereulide. 32 (52%) of B. cereus 
isolates were able to produce enterotoxin as deter
mined by the RPLA or ELIZA commercial test kits. 
Thirteen of the B. cereus isolates were able to grow at 
12'C. 

Signif,cance:The results indicate that, as we have 
previously shown for retail meat, enterotoxln-positive 
strains of C. perfringens are rare in retail food. How
ever, temperature-abused retail seafood is a possible 
vehicle for foodborne illness caused by B. cereus, 
especially considering its heat-resistance potential. 

P 1-29 Rapid Protocol for the Detection of 
Salmonella and Escherichia coli O 157:H7 
in Salad Greens from a Single Eight-hour 
Enrichment 

ANDREW D. FARNUM, Morgan Wallace, 

Angeline Stoltzfus, and Jack Janes, DuPont 

Qualicon, Experimental Station, Bldg. 400, 

Room 2277, Wilmington, DE 19880, USA 

Introduction: Because of the implication of 
produce In recent foodborne outbreaks, reliable 
methods for the detection of pathogens in vegetables 
are critical. Successful distribution of short shelf-life 
foods like spinach and other leafy greens will require 
well-validated rapid methods for the detection of 
pathogens. 

Purpose:This study evaluated the capability of 
a shortened enrichment In conjunction with a PCR 
assay to detect E. coli O I 57:H7 and Salmonella from 
a single enrichment. 

Methods: Fourteen samples of freshly picked leafy 
greens were shipped from a commercial producer to 
DuPont Qualicon for testing. Each sample type was 
divided into four 25-g portions. 3 samples were spiked 
with Salmonella and E. coll O I 57:H7 at less than I 0 
CFU/25 g and I was left as the control for each leafy 
green type. All samples were Incubated at 42°C for 
24 h. Samples were tested at 8, I 0, 12 and 24 h and 
tested by the BAX® system. 

Results:AII 14 unspiked samples were negative for 
both Salmonella and E. coli O I 57:H7 at each testing 
point. For the 42 spiked samples, results at 8 h were 
comparable to those at 24 h for both Salmonella and 
E.coli O I 57:H7. There was no significant difference 
between the E. coll MP standard and the E.coli MP 
Express protocols. 
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Signlf,cance:This study demonstrates that the 
BAX® system can detect low levels(< 10 CFU/25 g) 
of both Salmonella and E.coli O I 57:H7 in fresh salad 
greens after 8-h enrichment. 

P 1-30 Microbiological Survey of Retail Produce 

MARISSA LOPES, Jarret Stopforth, Bala 

Kottapalli, and Mansour Samadpour, IEH Lab

oratories & Consulting Group, I 5300 Bothell 

Way NE, Lake Forest Park,WA 98155, USA 

Introduction: Recent outbreaks of food borne illness 
from consumption of fresh produce have resulted In 
increased consumer concern regarding the safety of 
retail produce. There is minimal knowledge regarding 
microbiological hazards and levels of indicator 

organisms associated with whole and fresh-cut produce, 
making it difficult for processors to set microbiological 
specifications consistent with an industry benchmark. 

Purpose:This study was conducted to determine 
the levels of indicator organisms and prevalence of 
common pathogens in processed fresh produce 
samples collected In the Western United States In 
2006. 

Methods: Packaged green onions, sliced apples, 
grape tomatoes, mini-peeled carrots, lettuce, spinach, 
and mixed greens were collected from retail and 
foodservice locations and analyzed for aerobic plate 
count (APC), total coliform count (TCC), Escherichia 
coli count (ECC), E.coli O I 57:H7, Enterohemorrhagic 
E.coli (EHEC), Shiga toxin-producing E.coli (STEC), 
Salmonella sp., and Listeria sp. Petrlfilm® plates were 
utilized to enumerate microbial flora and polymerase 
chain reaction (PCR) assays were used for pathogen 
determination. 

Results: Mean Indicator organism loads ranged 
from 2.7 to 6.6 log CFU/g for APC, and O to 2.1 log 
CFU/g for TCC. ECC and E.coli O I 57:H7 were not 
detected in any samples. EHEC was detected at rates 
of 8.0, 2.3, 12.5, and 0.8% in green onions, apples, 
carrots, and mixed greens, respectively. STEC was 
detected at rates of 4.5 4.2, 2.1, and 1.7% in apples, 
carrots, spinach, and mixed greens, respectively. 
Salmonella sp. was detected at rates of 17.1, 8.3, 
and 0.8% in tomatoes, carrots, and mixed greens, 
respectively. Listeria sp. was detected at a rate of 
1.7% In both lettuce and mixed greens. 

Signif,cance:These data present valuable 
information regarding microbiological hazards 
associated with specific produce and will assist the 
Industry with establishment of baseline incidence 
rates and selection of appropriate pathogen testing 

programs. 

P 1-3 I Effect of Irrigation Water on the Bacterio
logical Quality of Lettuce during the 
Growth Period and at Harvest in Norway 

GRO $.JOHANNESSEN, Elin Reitehaug, Indira 

Secic, Marianne 0kland, Helga R. H0gasen, 

lngvild Portaas, Liv Marlt R0rvik, and Kofitsyo 

S. Cudjoe, National Veterinary Institute, P.O. Box 

81 56 Dep, Oslo, 0033, Norway 

Introduction: In the production of lettuce in 
Norway, surface water is used as an Irrigation water 
source.Water from such a source is often contami-
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nated with fecal bacteria, and therefore Is an Impor
tant source of microbial contamination on lettuce. 

Purpose:The aim was to study the effect of 
Irrigation water on the bacteriological quality of 
lettuce during the growth period and at harvest. 

Methods:Three different lettuce producers that 
use surface water derived from a lake, man-made 
irrigation pond and a river for irrigation of their 
respective produce of Iceberg, Frisee and Ruccola 
lettuce, were the target of this study.Through late May 
to mid-September, samples of water (71 samples) and 
lettuce (306 samples) were analyzed for fecal indi
cators and pathogens (E. coli O 157, Solmonella, 
Campylobaeter and Listeria monocytogenes) using 
standard microbiological methods. 

Results: Fecal indicators were isolated only spora
dically (5% of samples) and in low numbers from the 
lettuce. Campylobaeter spp. and L. monocytogenes were 
isolated from one sample each of Frisee.The median 
water concentrations of E. coli In the lake, irrigation 
pond and river water used for irrigation were 5.1 
CFU/100 ml (range <1-1553 CFU/100 ml), 8 CFU/100 
ml (range < 1-613 CFU/ml) and 127 CFU/ I 00 ml 
(range 48->2419 CFU/100 ml), respectively. Salmonella 
Typhlmurlum was isolated from one lake water sample 
in the Irrigation network. Campylobocter jejuni and coli 
was isolated from six (from all three sources), and 
L. monocytogenes was isolated from four of the water 
samples (from river and pond). 

Significance:Although irrigation water may be 
contaminated, this contamination is not reflected in 
the bacteriological quality of lettuce. 

P 1-32 The Proliferation of Escherichia coli O 157 
on Washed and Unwashed Spinach Leaves 

DANIELARUSCAVAGE, Ken Lee, and Jeffrey 
Lejeune, The Ohio State University, FAHP, 1600 

Madison Ave.,Wooster, PA 44691, USA 

Leafy green vegetables have been implicated in 
outbreaks of Escherichia coli O 157-associated diseases. 
These outbreaks have led to increased scrutiny of 
vegetable processing and sanitation. Contamination 
of vegetables with pathogens during processing needs 
to be further studied because there Is evidence of 
increased proliferation from the time of harvest until 
transport. The purpose of this study was to deter
mine if spinach contaminated with E. coli O 157 after 
leaves have been washed with chlorinated water will 
contain more pathogen than leaves that have not been 
washed. Unwashed spinach was purchased from a 
grocery store, and leaves were sorted into two 
treatment groups: washed and unwashed. Total plate 
counts (TPC), Pseudomonas, and coliforms counts 
were taken from three replicates of each treatment, 
and the replicates from one group were washed with 
a I 00 ppm bleach solution for 30 s and rinsed in 
neutralizing solution and sterile distilled water. Both 
unwashed and washed samples were contaminated 
with a I 04/ml solution of E. coll O 157 with a green 
fluorescent plasmid (gfp) for one minute, and the 
samples were dried for one hour and TPC, Pseudomo
nas, coliform, and E. coll O 157- gfp counts were taken. 
After 24 h at room temperature, counts were taken 
for each replicate for the treatments, and these were 
repeated after 48 h. The TPC, Pseudomonas, and 
coliforms from washed and unwashed samples had 
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similar density after 24 and 48 h. The E.coli O 157 
counts on washed leaves were greater than on 
unwashed leaves (P = 0.03) after 48 h but not after 24 
h. Sanitation of produce is critical to maintain a safe 
product, but the cleanliness of the facility Is also 
important to prevent post-wash contamination. 

Efficacy of Aerosolized Peroxyacetic Acid 
as a Sanitizer for Raw Spinach 

PEI-CHUN CHEN, Se-Wook Oh, and Dong
Hyun Kang,Washington State University, Dept. 

of Food Science and Human Nutrition, P.O. Box 
646376, Pullman,WA 99163-6376, USA 

A serious outbreak of Escherichia coli O I 57:H7 
in September 2006 linked to fresh spinach indicated 
that the safety of fresh produce still needed to be 
enhanced.Aerosolized peroxyacetic acid as a potential 
sanitizer for raw spinach was investigated in this study. 
Spinach Inoculated with culture cocktails containing 
three strains each of E.coli O I 57:H7, Salmonella Typhi
murium, and Listeria monocytogenes was treated with 
aerosolized peroxyacetlc acid (5.42 to I 1.42 s gm 
particle diameter) produced by a commercially 
available nebulizer for I 0, 30, and 60 min In a model 
aerosol cabinet at room temperature (22 ± 2'C). 
After exposure, surviving healthy and Injured bacterial 
cells were enumerated on appropriate agars or using 
the overlay agar method. No significant reduction was 
found after IO min exposed to aerosolized peroxyace
tic acid P > 0.05).After 30 min of exposure, inoculated 
spinach experienced a 1.20-log reduction in E. coli 
0 I 57:H7, a 1.0 I-log reduction In S. Typhimurium, and 
a 0.65-log reduction in L. monocytogenes compared to 
control. After I h, log reductions of E.coli O I 57:H7, 
S. Typhimurium, and L. monocytogenes were 3.50, 3.30, 
and 3.19, respectively. Similar reduction trends were 
observed with injured cells. Aerosolized peroxyacetic 
acid may be a convenient sanitizing method during 
transportation and storage to minimize microbial 
contamination, thereby reducing the risk of illness 
to consumers. 

P 1-34 Inactivation Kinetics of Inoculated Esch
erichia coli O I 57:H7 and Salmonella 
Species on Iceberg Lettuce by Chlorine 
Dioxide Gas (ClO2) 

S. M. MAHMOUD BARAKAT and Richard 
Linton, Purdue University, Dept. of Food Science, 
745 Agriculture Mall Drive,West Lafayette, IN 
47907 USA 

Vegetables are an important part of healthy 
eating. However, vegetables, including lettuce, have 
been associated with foodborne outbreaks. CIO

2 
gas 

is a promising non-thermal technology for reducing 
pathogenic and spoilage bacteria on food. The purpose 
of this investigation was to study: a) inactivation 
kinetics of inoculated E. coli O I 57:H7 and Salmonella 
spp. on iceberg lettuce by ClO

2 
at different concen

trations (0.5 - 5.0 mgl· 1) for IO min, and, b) the effect 
of ClO

2 
on the quality and shelf life of lettuce during 

storage at 4'C for 7 days. I 00 µI of each targeted 
organism was spotted onto the surface (5 cm2) of 
lettuce (approximately 8-9 log m1·1) separately, air 
dried, and then treated with ClO2 gas at 22'C and 
90-95% relative humidity for IO min. Surviving 
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bacterial populations on lettuce were determined 
using a membrane transferring method. The inactiva
tion kinetics of E. coll O 157:H? and Salmonella spp. 
were determined using first-order kinetics to establish 
D-values and z-values.The D-values of E.coli and 
Salmonella spp. were 2.9 ± 0.1 and 3.8 ± 0.5 min, 
respectively at 5 mg 1· 1 CI02• The z-values of E.coli 
and Salmonella spp. were 16.2 ± 2.4 and 21.4 ± 0,5 
mg 1· 1, respectively. A 5-log CFU reduction (recom
mended by FDA) of E.coli and Salmonella spp. could 
be achieved with 5 mg 1· 1 102 gas for 14.5 and 19 min, 
respectively. Treatment with CI0

2 
gas significantly 

reduced the initial microflora on lettuce and kept 
them significantly (P < 0.05) lower than the control 
during storage at 4°C for 7 days. However, treatment 
with Cl02 significantly (P < 0.05) changed the green 
color of lettuce to white.These results showed that 
treatment with Cl02 gas significantly reduced selected 
pathogens and Inherent microorganisms on lettuce; 
however, the process conditions may need to be 
altered for consumer acceptance. 

Non-thermal Pasteurization of Spinach 
Leaves Using Dense Phase Carbon Diox
ide 

DARRYL G. BLACK, T. Matthew Taylor, David A. 
Golden, P. Michael Davidson, and Qixin Zhong, 

University of Tennessee-Knoxville, 2605 River 

Drive, Knoxville,TN 37996, USA 

While the use of some chemical sanitizers is 
approved for inactivation of microbes on the surfaces 
of fruits and vegetables, these compounds often 
degrade product quality with limited improvement In 
product safety. Dense phase carbon dioxide (DPCD, 
high pressure CO

2
) is a non-thermal process for 

inactivation of foodborne pathogens inoculated Into 
various juices and model solutions. Its efficacy has not 
yet been evaluated for pathogens on produce. DPCD 
has penetration characteristics that enable inactivation 
of internalized pathogens that are otherwise protect
ed from conventional chemical sanitization techniques. 
The purpose of this study was to investigate the 
ability of DPCD to Inactivate E.coli K-12, a surrogate 
for E.coli O 157:H?, inoculated on fresh spinach leaves. 
E. coli K-12 was inoculated onto baby spinach leaves at 
a level of ca. 7.2 log CFU/leaf; leaves had approximate 
surface areas of 9 cm2• Inoculated leaves were placed 
in disposable sample cups and then in the pressure 
vessel of the high pressure CO2 device, Leaves were 
exposed for intervals of O to 40 min to DPCD ( I 0 
MPa, 40°C) at a flow rate of 50 g CO/min.After 
treatment, spinach was blended and serially diluted. 
Surviving E. coli K-12 were enumerated on tryptic soy 
agar. Significant reductions in E. coll K-12 populations 
were observed with all treatments as compared to 
controls.The efficacy of DPCD varied significantly 
with temperature, pressure and treatment time. 
Inactivation of E. coli K-12 to non-detectable levels 
(> 5-log reduction) was observed for treatments at 
40°C and IO MPa for 20 and 40 min. Discoloration 
and drying of leaves were observed on samples 
exposed to DPCD processing for > 20 min. This 
research demonstrates that DPCD has excellent 
potential as a pasteurization technology for applica
tion to leafy green vegetables, although discoloration 
and drying issues will need to be addressed. 
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Effect of Antimicrobial Interventions on 
Escherichia coll O I 57:H7, Salmonella, and 
Listeria monocytogenes on Leafy Greens 

JARRET STOPFORTH, Tam Mai, Marissa Lopes, 

Bala Kottapalli, and Mansour Samadpour, IEH 

Laboratories & Consulting Group, 15300 Bothell 

Way NE, Lake Forest Park, WA 9815 5, USA 

Introduction: Recent foodborne outbreak events 
implicating spinach and lettuce have brought about 
consumer concerns regarding the adequacy of food 
safety programs for fresh produce. The most common 
commercial antimicrobial intervention for fresh 
produce is wash water containing 50 to 200 ppm 
chlorine as a wash solution. 

Purpose:The objective of this study was to 
compare the effectiveness of chlorine and various 
other sanitizers for inactivating Escherichia coli 
0157:H?, Salmonella, and Listeria monocytogenes 
inoculated on leafy greens. 

Methods: Fresh mixed greens were left unino
culated or inoculated with approximately 6 log CFU/ 
ml of E.coli O 157:H?, Salmonella, and L monocytogenes. 
Uninoculated and inoculated mixed greens were 
treated by immersion for 60 or 90 s In different wash 
solutions ( I : 150 w/v) including: chlorinated water (50 
ppm) acidified to pH 6.5, acidic electrolyzed water, 
and acidified sodium chlorlte (1,200 ppm, pH 2.5). 
Following immersion, samples were neutralized, 
homogenized, and analyzed for survival by standard 
spread plating on selective media. Each test case 
(organism x treatment x time) was replicated twice 
with 5 samples per replicate. 

Results:There was no difference (P > 0.05) in the 
effect of time of immersion on the antimicrobial 
effectiveness of the treatments. Furthermore, there 
was no difference (P > 0.05) in survival of the three 
organisms regardless of treatment or time. Chlori
nated water resulted in reductions In populations of 
2.1 to 2.8 log CFU/g on leafy greens.Acidic electro
lyzed water resulted in reductions in populations of 
2.0 to 2.5 log CFU/g.Acidified sodium chlorite 
resulted in reductions in populations of 3.0 to 3.8 log 
CFU/g. 

Signi~cance:There has been limited research on 
the effect of acidified sodium chlorite as a sanitizer for 
leafy greens and these data indicate it is more effective 
than conventional application of chlorinated water. 
These results provide the produce industry with 
important information to assist in selection of 
effective antimicrobial strategies. 

Effects of the Competing Microflora 
of Fresh-cut Lettuce on Survival 
and Growth of Listeria 

GILLIAN A. FRANCIS and David O'Beirne, 

University of Limerick, Food Science Research 

Centre, Dept. of Life Sciences, Limerick, Ireland 

Pathogens, such as Listeria monocytogenes, may be 
present on fresh-cut produce, posing a potential safety 
problem. In this work, competitive interactions 
between the indigenous microflora of shredded 
lettuce and Listeria spp. were studied. Co-culture 
experiments were performed in solid and liquid 
model media, in which bacterial isolates from the 
indigenous microflora were tested for possible 
inhibitory effects. Interactions with individual species 
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and mixed populations from shredded lettuce affected 
the survival and growth of Listeria, In general, mixed 
populations diminished Listeria growth. Competition 
between the Indigenous mlcroflora and Listeria resided 
mostly with Enterobacter spp. and lactic acid bacteria, 
and not with the pseudomonads. Enterobacter cloacae 
was particularly effective in reducing Listeria growth. 
The effects of gas atmospheres on L monocytogenes 
and competing microflora were studied using a solid
surface model system. Growth and Inhibitory activities 
of E. cloacae and E. agglomerans were reduced as CO2 
levels were Increased from 0-5% to IO or 20%. By 
contrast, the growth and anti-listeria! activities of 
Leuconostoc citreum Increased under elevated CO2 
concentrations (i.e., 5, IO and 20% CO2). It is 
concluded that complex interactions between 
elements of the natural background microflora may 
have significant effects on survival and growth of 
Listeria on produce. These interactions need to be 
fully understood in order that new mild preservation 
technologies (e.g., novel gas atmospheres and novel 
sanitizers/antimicrobials), which may affect the growth 
or composition of the Indigenous microflora, can be 
safely applied to fresh-cut produce, 

Effect of Modified Atmosphere Packaging 
following Treatment of Chemical Sanitizer 
for Inactivating Escherichia coli O I 57:H7 
in Spinach 
Hyun-Ho Jin and SUN-YOUNG LEE, Chung
Ang University, Dept. of Food and Nutrition, 
Anseong-si, Gyeonggi-do, 456-756, Korea 

Escherichia coli O 157:H?-contamlnated spinach 
has recently caused several outbreaks in the USA 
However, to date, there has been little research on 
an effective way for eliminating pathogens in spinach. 
Therefore, this study was conducted to investigate 
the effect of chemical sanitizers alone or in combina
tion with modified atmosphere packaging (MAP) on 
inactivating E.coli O 157:H? in spinach during refriger
ated storage. Spinach was inoculated with E.coli 
0157:H? and packaged using four different methods 
(air, vacuum, CO2 gas and N2 gas) following treatment 
with water, 200 ppm sodium hypochlorite or 200 ppm 
chlorine dioxide for 5 min at room temperature and 
stored at 5°C.Then, surviving cells of E.coli O 157:H? 
were enumerated on sorbitol MacConkey (SMAC) 
agar and on phenol red agar base with I% sorbitol 
(SPRAB) for determining chemically-injured cells 
following treatment and during storage, Treatment 
with water did not significantly reduce levels of E.coli 
0157:H?. However, treatment with sodium hypochlo
rite or chlorine dioxide significantly decreased the 
level of E.coli O 157:H?, but inhibition was greater 
when treated with chlorine dioxide compared to 
sodium hypochlorite.These reduced populations 
significantly Increased In samples packaged In the 
presence of air. However, reduced populations were 
maintained when samples were packaged under 
vacuum, N

2 
gas and CO2 gas during 7 days storage. 

Packaging under vacuum and CO
2 

gas following 
treatment with chlorine dioxide were most effective 
at inhibiting levels of E.coli O 157:H? in spinach 
without producing chemically injured cells during 
storage.These results suggest that the combination of 
a chemical sanitizer such as chlorine dioxide and MAP 
may be useful for inhibiting levels of E.coli O 157:H? in 
spinach during storage. 

Pl-39 

Pl-40 
DSC 

Recovery of Escherichia coll from Lettuce 
One Weel< after Irrigation with Different 
Types of Water 
MARIANNE 0KLAND, E. Reitehaug, I. Secic, 
G, $.Johannessen, 0, 0stensvik,A-M. Bomo, 
and C, Vogelsang, National Veterinary Institute, 
P.O. Box 8156, Dep, Oslo, 0033, Norway 

Introduction: Irrigation water is often contami
nated with fecal bacteria. It has been suggested that 
contaminated Irrigation water Is an important source 
of fecal contamination of lettuce. 

Purpose:The aim was to study the recovery of 
E. coli from lettuce irrigated with different types of 
water one week after irrigation. 

Methods: Iceberg and Frisee lettuce, including 
roots and soil, were collected from one producer, 
transported to a research field and kept outdoors. The 
plants were divided In five lots in plastic boxes with 
drainage holes. Each lot was irrigated once with 
control water, river water, UV irradiated river water 
(URW), diluted domestic wastewater (75% ground 
water; DDW) and UV irradiated diluted domestic 
wastewater (UDDW), corresponding to 1.8 liter (20 
mm) per plant, Fowler's net and plastic for protection 
for rain was used, Samples of irrigation water were 
taken directly before irrigation and of lettuce directly 
before, directly after and I, 2, 3 and 7 days after 
irrigation. The samples were analyzed for E. coli using 
standard microbiological methods.The study was 
repeated once. 

Results:The number of E.coli in DDW was >2500 
CFU/ I 00 ml, while the other water types had numbers 
of E.coli varying between < I and 685 CFU/ I 00 ml. 
The number of E.coli In Frlsee increased directly after 
irrigation with DDW with subsequent decrease to 
numbers below the detection limit after 7 days.The 
same trend was partly seen for Iceberg irrigated with 
DDW. For the other water types, E.coli was detected 
from two samples each of Iceberg and Frisee irrigated 
with UDDVV. 

Signlficance:The results indicate that irrigation 
water with high numbers of E.coli Is needed for 
recovery on lettuce. 

Observing Salmonella Internalization 
from Contaminated Seeds and Irrigation 
Water in Greenhouse Tomatoes 

JACQUELYN M. MILES, S.S. Sumner, R. C. 
Williams,J. G. Latimer, and R.R. Boyer,Virginia 
Tech, 3013 Bardona Circle, Gibsonia, PA 15044, 
USA 

lntroduction:Tomatoes have been implicated In 
twelve Salmonella outbreaks since 1999. Research 
needs to be done to demonstrate possible points of 
contamination for the tomatoes during pre and post 
harvesting. 

Purpose:The objectives of this study were to 
determine the ability of Salmonella Montevideo to be 
internalized In tomato fruit from plants irrigated with 
S. Montevideo solution and to determine whether 
contaminated seed stock would cause contamination 
of the fruit.Additionally, the ability of S, Montevideo to 
survive in fertilizer stock solutions was elucidated, 

Methods:Tomato plants (5) were grown in pine 
medium under optimum greenhouse conditions. The 
study consisted of eight treatment groups: Groups 
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one through six were watered with 350 ml of a I 06 

S. Montevideo solution over 70 days at different time 
intervals; with group one receiving one Salmonella 
watering at day 0, and group six receiving 6 waterings. 
Treatment intervals were every 14 days. Group seven 
was the control and group eight was grown from 
seeds which had been soaked in a I 08 Salmonella 
suspension for 24 h, and received no S. Montevideo 
watering treatment. Salmonella was also evaluated for 
ability to survive in concentrated stock and diluted 
( 1.6%) fertilizer solutions. 

Results: All tomatoes sampled, regardless of 
treatment, were negative for Salmonella Montevideo 
using enrichment procedures. Survival of S. Monte
video was observed with no significant difference 
(P < 0.05) between solutions and sterile distilled 
water for all but two fertilizers. 

Signiffcance: As shown by this study, S. Monte

video is unable to contaminate tomato fruit via irri

gation methods or contaminated seed stock. However, 

it is capable of surviving in fertilizer solutions, stress

ing the importance of preparing these with potable 

water.Additional contamination avenues must be 

examined to elucidate routes to contamination In 

the field. 

Effect of Electron Beam Irradiation 
on Acid-resistant Salmonella enterlca 

subsp. enterica Serotype Montevideo 
inTomato 

DEBORAH L. JAMES, J. Jaczynski, and K. E. 

Matak, Division of Animal and Veterinary 

Sciences,WestVirglnia University, P.O. Box 

61 08, Morgantown, WV 26508, USA 

Introduction: Increased demand for fresh fruits and 
vegetables has resulted in changes to production and 
processing, thus increasing the possibility that these 
foods may be contaminated with human pathogens 
such as Salmonella. Electron beam (e-beam) is a 
technology that uses ionizing radiation to destroy 
bacteria in a non-thermal manner.Therefore, e-beam 
could be applied to fresh fruit and vegetables to 
improve microbial safety while simultaneously 
maintaining the "fresh" characteristics of those 
products. 

Purpose: The purpose of this study was to 
determine D 10-values for acid-resistant Salmonella 
Montevideo subjected to e-beam at four different pHs 
in homogenized tomatoes. 

Methods: Salmonella Montevideo was inoculated 
in homogenized Roma tomatoes. Sample pHs were 
adjusted to 3.4, 3.9, 4.4, and 4.9. Samples were 
subjected to e-beam at O ( control), 0.5, 1.0, 1.5, 2.0, 

and 2.5 kGy. Survivors were enumerated in duplicate 

using standard spread-plating method. Survivor 

curves were plotted on logarithmic scale as a function 

of e-beam dose for each sample at different pH. The 

Dio•values were calculated as an inverse reciprocal 

of the slope of the survivor curves. The results were 

analyzed by analysis of variance and t-test. 
Results: Salmonella Montevideo was below 

the limit of detection in the samples at pH 3.4 

or 3.9. There were significant reduction in survivors 

(P < 0.05) between the control and for samples at 

both pH 4.4 and 4. 9 e-beamed at 1.5, 2.0, and 2.5 
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kGy.There were significant reduction in survivors 

(P < 0.10) between the control and for all e-beamed 

samples at both pHs. D 10-values for samples at 

4.4 and 4.9 were 1.07 and 1.50 KGy, respectively. 

Slgniffcance: Other research has looked at the 

effect of e-beam on tomatoes inoculated with non

acid-resistant Salmonella Montevideo. The D-values 

for acid-resistant Salmonella Montevideo are consider

ably higher, indicating that resistance to e-beam 

increases with acid-resistance. 

P 1-42 Differences in Physical Characteristics 
and Survival of Salmonella between Round 
and Roma Tomato Varieties 

HYUN-GYUNYUK, Benjamin R.Warren, 

Rebecca A. Burnworth, and Keith R. Schneider, 

University of Florida, P.O. Box 110370, 
Gainesville, FL 32611-0370, USA 

At least five large Salmonella outbreaks have been 
traced back to round tomatoes in the US from 1990-

2002; however, recent outbreaks have been associated 
with the consumption of Roma tomatoes.To address 
why Roma tomatoes have seen an increase in 
foodborne illness, the present study evaluated the 
differences in physical characteristics of round vs. 
Roma tomatoes at different stages of ripeness (green, 
pink, red}. An lnstron Model 441 I was used to 
determine firmness and elasticity, pH was recorded at 

each stage of ripeness, and the survival of a rifampicin
resistant, five-serovar Salmonella cocktail on smooth 
surface and in puncture-wounds stored for 28 days at 
25°C/60% relative humidity (RH) was determined. 

Results from the lnstron testing showed the significant 
differences (P < 0.05) in firmness and elasticity as 
tomatoes matured in same variety. Roma tomatoes 
had significantly (P < 0.05) higher pH than round 
tomatoes.The population of Salmonella spp. in wounds 
remained constant with approximately 5.8 log CFU/ 
tomato, while cells on smooth surfaces decreased to 
undetectable level (2.0 log CFU/tomato) during 28-d 

storage in same variety. However, this study showed 
no significant differences (P < 0.05) in physical 
characteristics and survival of Salmonella cells between 
round and Roma tomatoes. Therefore, future 
researches on the Infiltration of Salmonella and post
harvesting handling process are needed for better 
understanding the difference between round and 
Roma tomatoes. 

P 1-43 Effects of Heat Treatment on Survival 
of Salmonella spp. and Escherichia coli 
0157:H7 on Alfalfa Seeds 

GUOPING FENG, John J. Churey, and Randy 

W. Worobo, Cornell University, Dept. of Food 

Science and Technology, 630 West North St., 

Geneva, NY 14456, USA 

lntroduction:Alfalfa sprouts contaminated with 

Salmonella spp. or E. coli O I 57:H7 have been impli
cated In numerous outbreaks worldwide. High levels 
of Salmonella spp. or E. coll O I 57:H7 on alfalfa sprouts 
have been traced back to seeds contaminated at low 
levels from the field. Sprouting conditions of approxi
mately 30°C and high humidity facilitate the rapid 
growth of both E.coli O 157:H? and Salmonella spp. 
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Purpose:The purpose of this study was to 
Investigate the effectiveness of thermal treatments 
to Inactivate Salmonella spp. and E.coli O I 57:H7 
contained on seeds. 

Methods:Alfalfa seeds Inoculated with five strains 
of Salmonella spp. or E.coli O I 57:H7 were subjected 
to dry heat at ss·c for up to 8 days.The treated 
seeds were sprouted at 30°C for three days and the 
germination rates were determined. 

Results: Greater than five-log reductions in 
Salmonella spp. and £ co// 0 I 57:H7 on seeds were 
observed. No pathogens were detected on the 
sprouted seeds which were initially inoculated with 
ca. 2 log CFU/g of Salmonella spp. or more than 8 log 
CFU/g of E.coli O 157:H?. The germination rates of 
the alfalfa seeds did not decrease after 6 days of 
heating at ss•c. 

Signiµcance:These results showed that heat 
treatment of alfalfa seeds at SS°C for up to 6 days is 
effective in enhancing the safety of alfalfa sprouts 
without significantly affecting germination rates. 

Comparison of the Efficacy of I% and 3% 
Tsunami I 00 to 20,000 ppm Calcium 
Hypochlorite Treatment for Reduction 
of Salmonella on Alfalfa Seed 

Annemarie Buchholz and KARL R. MATTHEWS, 
Rutgers University,The State University of New 
Jersey, 65 Dudley Road, New Brunswick, NJ 
08901, USA 

Outbreaks of Salmonella foodborne illness linked 
to the consumption of seed sprouts have increased 
during the past decade.Treatments of the seeds, 
instead of treating the sprouts, has been shown to be 
a more practical step in reducing the high numbers of 
pathogenic bacteria found on the sprouts.The 
National Advisory Committee on Microbiological 
Criteria for Food Treatment of seeds using the 
recommended I 0-min exposure to 20,000 ppm 
Ca(OCl)

2 
Is reported to reduce populations of target 

bacteria. The objective of the present study was to 
compare the efficacy of I% and 3% Tsunami I 00 
to 20,000 ppm calcium hypochlorlte treatment for 
reduction of Salmonella on alfalfa seed. Experiments 
were conducted using in a commercial seed, a 32-
gallon bucket and large mouth media bottles.The 
32-gallon bucket method represents a typical method 
used by sprout producers.The sanitizer solutions 
were not prepared in buffer to more accurately 
reflect industry practices. For the commercial 
methods (commercial seed washer and 32-gallon 
bucket) of processing regardless of chemical treat
ment an approximate I -log reduction in number of 
Salmonella associated with seed was demonstrated. 
Although the I -log reduction was significant (P < 
0.05), differences among the treatments were not 
significant. Since no buffering solutions were used, the 
20,000 ppm Ca(OCl)

2 
solution had a pH 10-11; most 

chlorine would be present as oc1- which is not 
particularly effective against microbes.Treatment of 
seed with I% and 3% Tsunami I 00 resulted In similar 
reductions, 1.77 and 1.34, respectively, in viable cells. 
The level of reduction between the two treatments 
was not significant (P > 0.05). No viable Salmonella 
were detected in the sanitizer treatment solutions 
following treatment of seeds or In the wash water 
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following washing of seeds. These results suggest that 
I% and 3% Tsunami are as effective as 20,000 ppm of 
Ca (OCl)i in the reduction of Salmonella associated 
with alfalfa seed. 

Evaluation of the Effect of Lactic Acid 
Bacterial Isolates on the Growth of 
Escherichia coli O I 57:H7 and Salmonella 
enterica subsp. enterica on Alfalfa Sprouts 
MARSHA R.WILDERDYKE, D. A. Smith, 
and M. M. Brashears, University of Nebraska
Lincoln, 12615 S. 218th Ave., Gretna, NE 68028, 
USA 

Introduction: There have been several outbreaks 
Involving Salmonella enterica subsp. enterica (SE) and 
Escherichia coli O I 57:H7 (EC) In sprouts. Conventional 
treatments may damage sprouts and no acceptable 
treatments have resulted in satisfactory pathogen 
reduction. Consequently, competitive inhibition has 
attracted considerable attention. 

Purpose: The purpose of this study was to 
evaluate the effect of LAB isolates on the growth of 
SE and EC on alfalfa sprouts. 

Methods:Alfalfa seeds were Inoculated with 
pathogen and stored at 4°C. During the seed soak 
stage of sprouting, the isolates L7 (Pediococcus 
parvulus) and D3 (Pediococcus acidilactic/) were 
inoculated (approximately I 09 CFU/ml) onto the 
seeds previously inoculated with pathogen. Pathogen 
levels and pH were evaluated during sprouting and 
storage. 

Results:The only significant Inhibition of EC and 
SE occurred on day I .The D3 treatment resulted in a 
I .SO log reduction in EC and a 1.66 log reduction in 
SE. The L7 treatment resulted in a 1.09 log reduction 
in EC and a 1.88 log reduction in SE. However, the 
inhibition was short lived and was overcome at 
subsequent sampling times, when there were no 
differences between treated samples and controls. pH 
values were significantly different on day 3 for both 
LAB treatments and both pathogens when compared 
to the control. 

Signiffcance: More investigation Is needed to 
determine if the inhibition observed the first day can 
be sustained over time. LAB can potentially inhibit 
both E.coli O I 57:H7 and Salmonella enterica subsp. 
enterica. However, during the sprouting process 
additional controls may be needed after the first day 
to achieve long-term control. 

Shelf-life Extension of Strawberries by 
Use of Ozone-based Combination Treat
ments 
MUSTAFA VURMA, Luis Rodriguez-Romo, 
and Ahmed E. Yousef,The Ohio State University, 
Dept. of Food Science and Technology, 2015 
Fyffe Court, Columbus, OH 43210, USA 

Strawberries are popular but highly perishable 
fruits. Fungi are commonly associated with the quality 
deterioration of strawberries, resulting in significant 
economic losses. Post-harvest treatments for straw
berries are limited, but gaseous sanitizers are 
potentially useful In improving product shelf life and 
safety. The objective of this study was to assess the 
feasibility of using ozone (03), carbon dioxide (CO

2
), 

or their combinations, for reducing natural micro
biota and extending the shelf life of strawberries. 

Journal of Food Protection Supplement A - 130 
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A gaseous treatment setup, consisting of an ozone 
generator and a 300-liter chamber equipped with an 
0

3 
monitor and 0 3 and CO

2 
Inlet/outlet ports, was 

used. Strawberries (~I lb), in their original plastic 
container, were treated with 0 3, CO2, or their comb
ination, for 0, I, 2, and 4 h. In 0 3 + CO2 treatments, 
CO2 was fed in the chamber for 5 min at I 00 scfh 
flow rate.The concentration of 0 3 was maintained 
at IO ppm (vol/vol In CO2) during each treatment. 
Control and treated strawberries were evaluated for 
total aeroblc-mesophillc, and yeast-mold counts, as 
well as overall appearance during storage at 4 and 
20'C.The 0

3 
+ CO2 combination treatments were 

the most effective in delaying mold growth and quality 
deterioration of the strawberries. When samples were 
treated with 0 3 + CO2 for 4 hand stored at 4'C, the 
initiation of visual mold appearance was delayed until 
the 16th day of storage, an 8-day extension compared 
to untreated samples.The differences between 
combination and control treatments in yeast-mold 
counts were 1.1 log CFU/g Immediately after the 
treatment and approximately 1.8 log CFU/g after 15 
days of storage.The overall difference in total aero
bic-mesophilic counts between treated and untreated 
samples was approximately 1.2 log CFU/g throughout 
the storage period. In conclusion, treating fresh 
strawberries with 0 3 + CO2 combination is a feasible 
technology for extending the shelf life, and potentially 
improving the safety, of this perishable fruit. 

P 1-47 Effect of Hot Water Dips on Quality 
of Highbush Blueberries 

LIHUA FAN, Charles Forney, Jun Song, Craig 

Doucette, Michael Jordan, Ken McRae, and Brad 

Walker,Agrlculture and Agri-Food Canada, 

Atlantic Food and Horticulture Research 

Centre, 32 Main St., Kentville, NS B4N IJS, 

Canada 

Botrytis cinerea, Penici//ium spp. and Colletotrichum 
spp. were the dominant fungal pathogens causing 
decay of"Burlington" blueberry during storage. Hot 
water dips, effective and non-damaging physical 
treatments, have been reported for fungal pathogen 
control in some horticultural products. The objective 
of this study was to investigate the decay and quality 
of"Burlington" blueberries (Vaccinium corymbosum L) 
in response to hot water dips. Blueberries were 
treated with ambient, 45, 50, or 60'C water for 15 or 
30 s along with an untreated control. Fruit were then 
stored for 0, I, 2, or 4 weeks at 0'C plus 2 days at 
room temperature. Microbial quality was evaluated 
for the aerobic plate count (APC) and yeast and mold 
count (YMC). Product quality was assessed by measur
ing the percent of weight loss, split, shriveled, decayed 
and marketable berries, as well as firmness, pH, soluble 
solids, tltratable acidity and volatile profiles.Treat
ments slightly affectAPC. However, hot water dip at 
60'C for 30 s reduced the YMC by 0.2-0.45 log, which 
represented a 38-64% lower yeast and mold popula
tion. Decay incidence was reduced to 2.8, I .4, 1.2 or 
0.6% with ambient water, 45, 50 or 60'C water dips, 
respectively, compared with 5.1 % in controls following 
4 weeks at 0'C plus 2 days at room temperature. 
Weight loss of berries treated with hot water dips 
was 0.4% versus 3.8% In controls, and number of 
shriveled berries was 4.9% versus 9.5% in controls 
(P < 0.00 I ).The hot water dip at 60'C for 15 s 
achieved the most marketable berries, ranging from 
94%-95%, followed by 90-96% at 60'C for 30 sand 
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90-92% at 50'C for 30 s compared with 76%-87% in 
controls during 4 weeks storage. Hot water dips also 
altered volatile profiles, and reduced fruit titratable 
acidity but had no significant effect on fruit firmness, 
pH or soluble solids content.This study suggests that 
hot water dips at 50'C for 30 s or 60'C for 15 or 30 
s may be used to control decay and maintain blue
berry quality. 

P 1-48 Interventions for Ensuring Food Safety 
in Mangoes during PhytosanitaryTreat
ments 
GRIHALAKSHMI KAKANI, Nanci Martfnez

Gonzales, Ofelia Rodriguez-Garcia, Cristina 

Martfnez-Cardenas, and Alejandro Castillo 

and Hector B. Escalona-Buendia,Texas A&M 

University, Dept. of Animal Science, 2471, 

College Station, TX 77843, USA 

Increased consumption combined with increasing 
risk of foodborne illnesses makes it necessary to 
identify potential sources of contamination in the food 
chain and apply intervention processes that prevent/ 
minimize the risk of contamination.The current study 
investigated the effect of the decontamination treat
ments with chlorine and lactic acid on the survival 
of Salmonella on the rind and stem scar portions of 
inoculated mangoes.The presence of the pathogen in 
the stem tissue (internalization) and the effect of the 
treatments on the quality ( color) of the fruit were 
also determined. For scar (hydrothermal), a 3.0 log 
reduction was obtained for control and additional 
reductions of approximately 2.2 and 1.3 log cycles 
were obtained with lactic acid and chlorine respec
tively. Data indicates reduction in pathogen population 
in cooling for all the treatments except two (Control 
- increase of 0.3 log, LA-LA - increase of 0.3 log). 
A 0.5 log reduction was obtained for the control 
(initial -4.4 log CFU/ IO cm2) and additional reductions 
of approximately 1.7 and 1.3 log cycles were obtained 
for treatments with lactic acid and chlorine respec
tively during hydrothermal treatment on the rind. 
For cooling, lactic acid and chlorine gave an overall 
reduction of approximately 1.3 and 1.4 log respec
tively compared to control.Although Salmonella was 
not detected in the stem tissue by direct plating 
method for most of the samples, it was detected after 
enrichment. Lactic acid was found to be more effect
ive in reducing pathogen population compared to 
chlorine in all the treatment combinations; however, 
the sensory aspect (color) of the fruit was compro
mised. 

P 1-49 Survival of Salmonella Enteritidis in Black 
Olive Fermentation 
E. Z. Panagou, CHYSOULA C.TASSOU, N. G. 

Chorianopoulos, and G. J. E. Nychas, National 

Agricultural Research Foundation, Institute of 

Technology of Agricultural Products, I, Sof. 

Venlzelou St., Lycovrissi, Athens, GR-141 23, 

Greece 

Introduction: Salmonella is one of the most 
common pathogens associated with foodborne illness. 
Its presence has been reported in a variety of food 
commodities, but there is hardly any information on 
the occurence of this microorganism in black olives, 
a major fermented vegetable In western countries 
which is primarily consumed without cooking. 
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Purpose:The purpose of this study was to 
investigate the ability of S. Enterltldis to survlce 
natural black olive fermentation with/without the 
presence of starter cultures of lactic acid bacteria 
(Lactobacll/us pentosus). 

Methods: S. Enteritldis was added In two different 
fermentation processes including (i) a spontaneous 
treatment (I.e., fermentation with the Indigenous 
microflora of olives) and (ii) a treatment with 
inoculated L pentosus as starter culture. The Initial 
population of the pathogen in the brines was I 06 

CFU/ml. Salt level in the brines was maintained at 6% 
(w/v, NaCl) while fermentation temperature was kept 
constant at 20°C. Microbial levels (lactic acid bacteria, 
yeasts, enterobacteria, S. Enteritidis), pH, titratable 
acidity and organic acids were monitored throughout 
fermentation. 

Results: Inhibition of S. Enteritidis was evident In 
both fermentation procedures.The pathogen pop
ulation declined rapidly within the first 3 days of 
fermentation beyond which no cells were detected. In 
the spontaneous process, a survival period (shoulder) 
of 1.3 days was evident followed by a sharp decline 
therafter (estimated death rate 3.7 CFU/day).The 
presence of L pentosus in the brine resulted initially in 
lower numbers of the pathogen by approximately 1.5-
1.6 log and a lack of survival period although the death 
rate was lower (2.3 log CFU/day).The presence of salt 
in the brine and the production of organic acids during 
fermentation seem to be the main factors that govern 
the behavior of this pathogen under such stress 
conditions. 

Significance:These data suggest that black olive 
fermentation either spontaneous or controlled by 
starter culture is an adverse environment that does 
not favor the survival of Salmonella. 

P 1-50 Use of Probiotic Starter Culture in 
Spanish-type Green Olive Fermentation 
and the Fate of Inoculated Bacillus cereus 
CHRYSOULA C.TASSOU, E. A. Saravanos, 
G. Zoumpopoulou, E. Tsakalidou, and E. Z. 
Panagou, National Agricultural Research Found
ation Institute ofTechnology of Agricultural 
Products, I, Sof.Venizelou str., Lycovrissi, 
Athens 141 23, Greece 

Introduction: The use of starter cultures In the 
Spanish-style green olive fermentation is a practice 
that becomes more and more familiar to the olive 
industry with undisputed benefits, while the use of 
probiotic starter cultures can add extra value to this 
traditional product. Bacillus cereus is a spore-forming 
pathogen responsible for food poisoning due to 
production of toxins. Its spores are widely distributed 
in soil and are therefore potential contaminants of 
vegetables, including olives. 

Purpose: The purpose of the study was to 
investigate the use of probiotic lactic acid bacteria as 
starter cultures in Spanish-style green olive fermenta
tion as well as to determine the surviving ability of 
Bacillus cereus vegetative cells and spores in the 
fermentation environment, with or without the 
addition of starter culture. 

Methods:After completing the debittering 
procedure, the olives were subjected to a mild 
thermal treatment and the experimental design for 
the fermentation included three treatments: 
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(I} spontaneous fermentation, (ii) spontaneous 
fermentation and Inoculation with B. cereus, and 
(Iii} fermentation with L plantarum as starter culture 
and B. cereus.The fermentations were monitored for 
7 weeks by means of physlcochemlcal properties (pH, 
tltratable acidity, organic acids, sugars) and microbial 
associations (lactic acid bacteria, yeasts, pseudo
monads, enterobacteria, B. cereus vegetative cells 
and endospores). 

Results: The use of the probiotic L plantarum 
proved to be effective for a successive fermentation 
In terms of final pH and acidity. In all cases, B. cereus 
counts demonstrated an immediate decrease of 
2 log-cycles (initial inoculum was 4 log CFU· 1) 

resulting in a 1-2 log CFU ml·1 population throughout 
the experimental period. Similarly, the spore counts 
were constant during the whole 7-week period 
( 1-2 log CFU ml·1), regardless of treatment. 

Significance: The use of a problotic starter culture 
appears to be promising and beneficial to the Spanish
style green olive fermentation. On the other hand 
B. cereus seems unable to survive and sporulate in 
the ecological environment of brine. 

Evaluation of Chemical Disinfection 
Treatments for Inactivation of Salmonella 
enterica on Cilantro (Corlandrum sativum 
L.) during Different Storage Conditions 
Naaxielii Serna Villagomez, Erika A. Neri Herrera, 
Leopoldo Orozco R., and MONTSERRAT 
H. ITURRIAGA, Universidad Autonoma de 
Queretaro, Centro Universitario s/n, Col. 
Las Campanas, Queretaro, 76000, Mexico 

Produce, including cilantro, has been linked to 
outbreaks of foodborne Illness. There is a need for 
effective decontamination treatments on fruits and 
vegetables, as a mean to control microbial pathogens. 
The objective of this work was to evaluate the efficacy 
of chemical disinfection to inactivate Salmonella 
enterica on cilantro throughout storage at different 
conditions of temperature and relative humidity (RH). 
A IO g bunch of cilantro was submerged in a cell 
suspension of rifampicln-resistant Salmonella enterica 
(ca I 06 CFU/ml) and held at 22°C for 60 min to dry 
the inoculum. Inoculated cilantro was then stored at 
22°C/I 00 or 60% RH during 3 days, and 4°C/I 00 or 
30% RH for up to 8 days. Periodically, cilantro was 
treated with water (control), solutions containing 
chlorine (200 mg/L) or peracetic acid (80 mg/L). 
At the beginning of storage for all combinations 
of temperature and H, treatments with chlorine, 
peracetic acid, and water reduced the pathogen by 
approximately 2.5, 2.5, and I log CFU/g, respectively. 
There was no reduction in S. enterica populations after 
any treatment on cilantro stored at 22°C ( I 00 and 
60% RH) for 3 days. However, after 8 days of storage 
at 4°C/ I 00% RH, reductions were 2 and 1.7 log CFU/g 
for chlorine and peracetic acid treatments, whereas 
at 30% RH reductions were 0.7 and 1.7 log CFU/g, 
respectively. In general, the inactivation efficacy of the 
sanitizers decreased as the storage time elapsed. By 
the end of the storage, the number of cells recovered 
from cilantro after treatments were not significantly 
different (P < 0.5). The diminished effect of disinfection 
treatments suggests that microorganisms colonizing 
cilantro Increase over the storage period for the 
product. 

Journal of Food Protection Supplement A - 132 
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Control of Clostridium botulinum in 
Cooked and Packed Rice 

Jun Hoshino, YUKIFUMI KONAGAYA, Sachi 

Shimana, Hiroshi Urakami,Akihiko Sasagawa, 

Akira Yamazaki, and Nobumasa Tanaka, Niigata 

University of Pharmacy and Applied Life Sci

ences (NUPALS), Higashijima, Niigata 

956-8603,Japan 

Introduction: More than 88,000 tons/year of 

cooked and packed rice (CaPR) Is produced in Japan. 

CaPRs are often packaged with oxygen-absorbing 
agents.We reported that the spores of proteolytic 
C/ostridium botulinum were Inactivated in rice cooking 

at I 05'C but survived at I 00'C (IAFP 2006, Calgary). 

However, several manufacturers produce CaPRs by 
cooking at I 0O'C, and these manufacturers need to 

control C. botulinum by these methods. 
Purpose: The purpose of this study is to develop 

effective methods to control proteolytic C. botulinum 
in CaPR, and to analyze the heat inactivation of the 
spores in rice cooking. 

Methods: Spores of proteolytic C. botulinum types 
A and B were added to the mixture of raw rice and 

water, then were heated at I 00 or I 05'C. CaPRs 
cooked with 25 ppm of nisln or polylysine were 
inoculated with I 03/g of spores. CaPRs containing 
I 03 spores/g were irradiated with I , 5 and or IO kGy 

of electron beam. 
Results: Inactivation greater than 7 log was 

achieved by l05'C, but a small number of survivors 
were found after cooking at I 00'C and produced the 

toxins after incubation of the CaPR for 180 days. 
Thermal inactivation of the spores was faster in rice 

than in phosphate buffer and cooked meat medium. 

Though the spores were completely inactivated by 
irradiation at IO kGy, rice was brown and had an odor. 

Neither nisin nor polylysine prevented the toxin 
production. 

Significance: Cooking at I 05'C was a significant 

method to control C. botu/inum in CaPR, but none of 
the food additives or the Irradiation were effective. 

Effect of Storage Time and Temperature 
on the Heat Resistance of Salmonella 
Enteritidis PT 30 on Almonds Exposed 
to Hot Oil 

SHIRIN J.ABD, Wen-Xian Du,and LindaJ. Harris, 
University of California-Davis, Dept. of Food 
Science and Tech., One Sields Ave., Davis, CA 
95616,USA 

lntroduetion:To date, freshly inoculated almonds 
have been used to evaluate the survival of Salmonella 
on heated almonds, However, raw almonds may be 
stored for up to one year before they are processed. 

Purpose:The objective of this study was to 

determine the impact of storage time and temp
erature on the heat resistance of Salmonella on 
almonds exposed to hot oil. 

Methods:Whole Mission variety almonds Inocul

ated with Salmonella Enterltidis PT 30 (8.7 log CFU/g) 
were stored at 4 and 23'C. Inoculated almonds were 

sampled at I, 12, 24, 37, and 48 weeks. Almonds (50 g) 
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were submerged in 121 'C oil, heated for 0.5, 1.0, 1.5, 
2.0, or 2.5 min (six samples per heating time), drained 
for IO s, transferred to I 00 ml of cold (4°C) tryptic 
soy (TS) broth, and stomached for 2 min. Appropriate 

dilutions were plated onto TS and bismuth sulfite 
agars, and incubated at 37°C for 24 and 48 h, respect

ively, XLD replica plates were used confirm the 
population of Salmonella on TS agar. 

Results: Levels of Salmonella on unheated almonds 

dropped significantly (P < 0.05) over 48 weeks by 0.5 
and 2.1 log CFU/g when stored at 4'C and 23'C, 

respectively. Normalized survivor curves were similar 

over the storage period regardless of temperature but 

greater variability was observed at 23'C. A biphasic 
survival curve for Salmonella was observed with rapid 

reduction [3.6 to 3.9 (4°C) and 2.2 to 3.2 log CFU/g 
(23'C)] in the first 30 s followed by slower but linear 

decline. The D-values calculated from the linear 
portion of the curve (0.5 to 2.0 min) were similar at 

each time point; 0.67 ± 0.09 (4°C) and 0.65 ± 0.13 
min (23'C),The time to achieve a 5-log reduction of 

Salmonella at 121 'C was calculated to be 1.37 ± 0.18 

and 1.97 ± 0.45 min for almonds stored at 4 and 
23' C, respectively. 

Significance: Freshly inoculated almonds can be 
used to determine appropriate thermal processes for 
reducing Salmonella on stored almonds. 

Monitoring Microbial Quality of Organic 
Watercress in the Production Chain 

Cecilia Geraldes Martins, Tatiana Pacheco 

Nunes, Lina Casale Aragon-Alegro, Katia Leani 

Oliveira de Souza, Cristiane Ribeiro, Maria 

Teresa Destro, Bernadette Dora Gombossy 

de Melo Franco, and MARIZA LANDGRAF, 

University of Sao Paulo, Faculdade de Clencias 

Farmaceuticas, Departamento de Allmentos e 

Nutrh;:ao Experimental, Av. Prof. Lineu Prestes, 

580, Sao Paulo, 05508-900, Brazil 

Fresh vegetables are important components of 
a healthy diet, but the number of food borne disease 
outbreaks associated with their consumption has 
increased in recent years.This study was aimed at 
monitoring the microbial quality of organic watercress 

at farm level and at industry level (minimal processing 

- MP). A total of 45 organic watercress samples were 

analyzed over a period of 12 months for mesophilic 
and psychrotrophic microorganisms, fecal coliforms, 

generic Escherichia coli, lactic acid bacteria, and 
Pseudomonas spp., as well as presence of the human 
pathogens Salmonella spp., Listeria monocytogenes and 

E.coli O I 57:H7. Fecal coliforms and generic E.coli 
(MPN/mL) were determined in water samples from 
ponds and wells used for irrigation and washing of 
vegetables at the farm level and from samples of water 

in the processing industry. Populations of psychro
trophic microorganisms ranged from I 05 to I 07 CFU/g 

on watercress sampled at the farm and from I 04 

to I 06 CFU/g for product sampled after minimal 
processing. Mesophilics and Pseudomonas spp. were 
detected in the range of I 04 to I 07 CFU/g, and I 02 

to I 06 CFU/g, respectively. Lactic acid bacteria showed 

levels between <IO to I 05 CFU/g for farm product 
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and <IO to I 03 CFU/g after minima! processing. Both 
washing In the farm and during minimal processing 
gave 1-2 log reductions of fecal coliforms and E.coli. 
The water used at farm or at processing levels 
showed low incidence of fecal collforms and generic 
E.coli. Salmonella spp., L monocytogenes and E.coli 
0 I 57:H7 were not detected in any analyzed sample. 
Minimal processing does not improve the overall 
microbiological quality of organic watercress because 
of the diversity and high population of microorganisms 
and the structure of this vegetable. 

Implementing a Dynamic Interdiscipli
nary Food Safety Curriculum Targeted 
at Middle School Students 

JENNIFER K. RICHARDS,Ashley Pedigo, Harry 
Richards, and F. Ann Draughon, University of 
Tennessee, 2605 River Drive, Knoxville,TN 
37996, USA 

Engaging young consumers in meaningful learning 
about food safety is a priority to ensure healthy, life
long habits at home and in the food service industry. 
An effective method for delivering food safety edu
cation Is through Instruction in K-12 classrooms. 
How-ever, students are unlikely to receive meaningful 
food safety education because teachers lack food 
safety training and are already over-extended due to 
high-stakes testing. The purpose of this project was 
to design an interdisciplinary curriculum targeted at 
middle schools students that is correlated directly 
to existing Tennessee and North Carolina state 
education standards for math, science, language arts, 
and social studies. The objectives of this project were 
to: (I) determine how food safety is addressed in 
public education; (2) Identify state standards for core 
subjects (i.e., math, science, language arts, and social 
studies) that can be correlated to food safety 
concepts; and (3) develop, implement, and evaluate an 
integrated food safety curriculum designed for middle 
schoolers. A quasi-experimental design (well-matched 
control group) using pre- and post-participant 
assessment (e.g., students, teachers) was used to 
determine changes in content knowledge, behavior, 
and related dispositions. Teachers were given 
assessments prior to training, after training, and again 
after implementation. Student assessments were 
administered immediately before and after the 
curriculum implementation and six weeks later. 
Results of the teacher training workshops show 
significant changes in knowledge, behavior, and 
dispositions (P < 0.05) with a mean gain of 15.91 
points ( I 00 point scale) from pre- to post-assessment. 
Similarly, students showed significant gains In all four 
content knowledge areas (P < 0.00 I) with a mean gain 
of 19 points ( I 00 point scale) from pre- to post
assessment. The outcome of this study is a scienti
fically validated educational resource that significantly 
raises food safety awareness and knowledge while 
providing tangible improvements in food safety 
behaviors and dispositions. 
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Food Safety Investigation: Applying Food 
Safety Practices from Farm to Table 

ELIZABETH A. BIHN, Karin A. K. Rosberg, 
and Robert B. Gravani, Cornell University, 
9 Stocking Hall, Ithaca, NY 14853, USA 

A food safety program for high school students 
has been developed based on the popular Crime 
Scene Investigation (CSI) themed television programs. 
In this two-week supplemental module, which can be 
incorporated into agriculture, science, and health 
classes, student investigators solve food safety cases 
by following clues and applying new knowledge. Using 
real-life examples and hands-on activities students 
learn how to apply and Implement safe food handling 
and preparation practices and good agricultural 
practices (GAPs) while engaged in the module. 
Initially designed to educate future fruit and vegetable 
producers, course goals were broadened to include 
food safety education and fruit and vegetable 
production and handling procedures that would be 
beneficial knowledge for all consumers, since 
approximately only 2 percent of high school agricul
ture students become farmers. Course content was 
determined though a Delphi study conducted with 
experts In food science, horticulture, and microbiol
ogy. The course was developed by members of the 
National GAPs Program in collaboration with the 
Dpeartment of Education at Cornell University along 
with nine high school agriculture educators from 
California, Florida, and New York through a grant from 
the United States Department of Agriculture, National 
Integrated Food Safety Initiative. The food safety 
module was pilot taught In fall, 2006 to students in 
California, Florida, and New York, and final modifica
tions were made in January, 2007.This presentation 
will discuss the development of the food safety 
module, results of the pilot testing, and evaluation 
mechanisms to determine student knowledge gain. 
The final curriculum and list of teaching tool kit 
components will be available at www.gaps.cornell.edu. 

Consumers' Use and Understanding of 
Dates on Ready-to-Eat Food Products 

S. L. Godwin, SHERYL C. CATES, D. Chambers, 
E. Chambers IV, C. Thompson, L. Pearson, and 
K. M. Kosa, RTI International, 3040 Cornwallis 
Road, Research Triangle Park, NC 27709-2194, 
USA 

lntroduction:There is no universally accepted 
system for food dating in the United States. However, 
the US Dept. of Agriculture has posted definitions for 
"Sell by:' "Best if used by:' and "Use by:' 

Purpose:This study measured the frequency with 
which consumers' read dates on food labels and their 
understanding of what those dates mean. 

Methods: In-person interviews were conducted 
with 214 shoppers in four states. Using open-ended 
questions, respondents were asked whether they 
looked for dates on labels of Ready-to-Eat (RTE) 
foods, what the phases used on labels mean, and 
purchase decisions made involving product dates. 

Results: Most shoppers reported looking for dates 
on RTE package labels; however, one third said they 
were unable to find the date on some foods.Twenty
three percent of the respondents said they bought 

Journal of Food Protection Supplement A - 134 
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a food in the past year after the date on the label, 
usually because the product was offered at a special 
price. Many respondents thought the phases "Best if 
used by;' "Sell by:' and "Use by" had the same inter

pretation, and frequently gave the same definition for 

more than one phase.The most common response for 

"Best if used by" was "the consumer should not use 

the food past this date:' Most shoppers correctly 
believed the "Sell by" date was for the store to use; 
i.e., foods should "not be on the shelf after this date:' 

However, many thought it was still okay to use it 
within a few days of the "Sell by" date if it was pur
chased. The majority said that food should not be 
eaten after the "Use by" date. 

Signif,cance:Thus, although consumers had some 

knowledge of the meaning of product dates, in 
general they were not always able to distinguish 
between the different types of dates used. 

Development and Evaluation of an Educa
tional Bulletin for Consumers Facing Life
threatening Food Allergies 

BRADLEY F. OLSON, S.S. Teuber, and Christine 

M. Bruhn, University of California-Davis, Dept. 

of Food Science and Tech., One Shields Ave., 

Davis, CA 95616, USA 

Food allergies affect I I million Americans and are 
responsible for an estimated 30,000 emergency room 
visits, 2,000 hospitalizations and I 00 to 200 deaths per 
year. Management requires a team effort involving the 
physician, the patient and the food industry.This 
study's objective was to analyze recorded interviews 
with 66 adults with severe food allergies and deter
mine shortcomings in the information provided by 
physicians and difficulties encountered when eating in 
restaurants, in order to create an informational 
brochure for the lay person with a life-threatening 
allergy. Only 13% of people interviewed had received 
general information about managing their allergy. Few 
were familiar with alternative names for common 
allergic foods.Although self-injectable epinephlne Is 
considered vital to prevent death from anaphylactic 
shock, proper use of self-Injectable epinephine device 
Is key to this success. Many respondents were 
prescribed self-Injectable eplnephine in case of 
accidental exposure, but only 63% received training in 
its use. Many of the interviewees (85%) had experi
enced a reaction in a restaurant.Although respon
dents restricted the frequency of dining out, few had 
a plan to manage their allergy in food service environ
ments. Using information from the interviews, we 
developed a brief document providing an overview 
of information that food allergic patients should know 
with links for more comprehensive information. 

The document encourages allergic individuals 
to be proactive in communicating their conditions 
and suggests effective strategies.The document was 
presented to the original Interviewees, reviewed, and 
revised based upon their evaluations.With this packet 
as a prototype, future plans include designing an 
educational packet for the food service community 
focused on how to best serve food allergic patrons. 
Together, these packets will help prevent accidental 
contamination by major allergens in restaurants and 
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allow allergy sufferers to be more proactive in 
describing their condition and managing their health 
successfully. 

P 1-59 A Nationwide Study of UK Consumer 
Attitudes towards Food Safety in the 
Domestic Kitchen 

ELIZABETH C. REDMOND, Christopher 

J. Griffith, Susanna King, and Mark Dyball, Food 

Research and Consultancy Unit, University of 

Wales Institute-Cardiff, Western Ave., Cardiff, 

Wales CF52YB, UK 

lntroduction:The domestic kitchen is an important 
point of origin for the incidence of foodborne disease 
and food safety education is required to improve 
food-handling behaviors in the home.A key to the 
design of effective educational initiatives is an 
understanding of factors that influence food safety 
behaviors. 

Purpose:Attitudes are important determinants 
of food safety behaviors and this study aimed to 
determine consumer attitudes towards food safety 
in the domestic kitchen. 

Methods: Structured in-home interviews of 2,014 
consumers were undertaken across the UK, using a 
computer assisted Interview technique.The respon
dent sample was representative of UK adults aged 
> 16 who prepared meals from raw ingredients at 
home. 

Results: Consumers' homes were perceived as the 
least likely location for acquiring food poisoning, with 
71 % unconcerned about food poisoning in the home 
and 87% confident in their current hygiene practices. 
Most consumers believed they knew all of the steps 
for adequate handwashing; drying was perceived to be 
less essential (46%).A clean kitchen environment was 
considered important by 96% consumers, although 
32% considered that cleaning a chopping board used 
for preparation of raw poultry under running water 

would remove all bacteria. Overall, 37% were con
cerned they might not implement all required food 
safety behaviors; this varied with age ( concern 
decreased with age), with children (increased concern) 

and social class (decreased concern with higher social 

class). 
Significance: Cumulatively, attitudes towards food 

safety were largely positive; attitudinal discrepancies 
and variations between consumer groups have been 

identified and highlighted the need for targeted 
strategies. Findings will be discussed within the 
context of development of communication initiatives 
designed to raise awareness of food safety and bring 
about behavioral improvement. 

P 1-60 Meals-on-Wheels Food Safety Project 

JULIE A.ALBRECHT and Carol Larvick, Univer

sity of Nebraska-Lincoln, 119 RLH, Lincoln, NE 

68583-0808, USA 

Introduction: Meals-on-Wheels (MOW) recipients 

(especially the elderly) may be more at risk for 
foodborne illness. MOW recipients may save portions 

of delivered meals longer than recommended and 
hold them at improper temperatures. 
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Purpose: The objectives of this project were to 
conduct a survey of MOW participants for their 
delivered meal practices, refrigerator food practices 
and to monitor their refrigerator temperature for 
one week with a Temperature Data Tracker. 

Methods: MOW participants were recruited 
from IO counties in Nebraska. After IRB approval and 
instrument development, an interviewer visited MOW 
participants, explained the study, placed a Temperature 
Data Tracker in the participant's refrigerator, and 
completed the observational form. After one week, 
the interviewer returned, removed the temperature 
data tracker, and conducted the survey. Data was 
analyzed using SAS. 

Results: Eighty-one MOW participants completed 
the study. Sixty percent stated that they usually eat 
all the food delivered, while 40 percent saved food. 
Meat and poultry were most often saved for an 
average of 4 days. Only 4 of the 81 participants had 
refrigerator thermometers. The average temperature 
from the Data Trackers was 4 I .3'F, with an average 
range of 37.6-49.3'F. Only one reported that the 
refrigerator did not keep food cold, although 34 
refrigerators averaged above 41 'F (recommended 
FDA Food Code temperature); 43 refrigerators 
averaged above 40'F (recommended home refrigera
tor temperature). 

Sign/ficance:This project shows that MOW 
recipients would benefit from having a refrigerator 
thermometer to keep food safe in their refrigerators. 
Education may need to be focused on proper storage 
of leftovers. 

Improving the Effectiveness of ServSafe® 
Courses in Spanish 

CLAUDIA R. BUZO de DIEZ, Glenyce L. 
Peterson-Vangsness, William Kass, Joellen M. 
Feirtag, and Francisco Diez-Gonzalez, University 

of Minnesota Extension, 325 Long Lake Court, 
Shoreview, MN 55126, USA 

In recent years, the need for food safety training 
for Spanish-speaking restaurant workers has increased 
significantly. ServSafe® courses In a one-day format 
have been relatively successful for English speakers. 
In the last two years the University of Minnesota 
Extension Service conducted one-day ServSafe® 
courses in English with exams in Spanish; in 2005, 
one-day courses in Spanish were offered. However, 
frequent absences and low passing rates suggest these 
formats were not effective. In collaboration with the 
Olmsted County Public Health Dept., McDonalds 
Corporation, and faculty of the University of Minne
sota, the Extension Service developed a new format 
after identifying barriers to learning: (I) low educa
tional level of students, (2) lack of test-taking skills, 
(3) little or no time for review of materials before 
class, (4) lack of collaboration of health agencies and 
business, and (5) inherent cultural disregard for food 
safety. Based on these limitations, a ServSafe® Spanish 
Pilot Plan was developed.The new course consisted of 
four 2.5-hour sessions given once a week, with three 
major focus areas: hand-washing, employee illness, and 
proper cooling of foods. There were hands-on activit
ies, take-home assignments, and practice tests during 
the first three sessions.The final test was given at the 
fourth session.At least 90% of the students passed 

Pl-62 

Pl-63 
DSC 

the test and the average passing score was 93%. In 
contrast, for the one-day Spanish course no more 
than 40% passed, with an average passing score of 78% 
(72% needed to pass); for the one-day English course 
with Spanish test, the numbers were 25% and 78%, 
respectively.These differences clearly indicate that the 
four-day ServSafe® format is a more effective teaching 
format for Spanish-speaking restaurant workers. 

Comparison of Microbiological Quality 
and Safety of Products Available to 
Populations of Different Socioeconomic 
Status 

Marlen E. Koro, Shivanthi Anandan, and 

JENNIFERJ. QUINLAN, Drexel University, 
3141 Chestnut St., Philadelphia, PA 19104, USA 

Low socioeconomic status has been linked to 
poorer quality diets and a potential increase in 
gastrointestinal illness. The objective of this research 
was to determine if there is a difference in the 
microbiological quality and/or potential safety of foods 
available to low socioeconomic status (SES) popula
tions when compared to foods available to high SES 
populations.A range of products were tested from 
3 stores in high SES census tracts and 3 stores in low 
SES census tracts. Foods tested included Ready-to-Eat 
(RTE) salads, fresh cut watermelon, broccoli, straw
berries, cucumbers, milk, orange juice, fresh ground 
beef, and raw chicken.The presence or absence of 
Salmonella and Campylobacter were determined on 
raw chicken. All other products were tested for APC, 
Y&M, coliforms, fecal coliforms, and Escherichia coli 
using FDA's Bacteriological Analytical Manual methods. 
Overall, with the exception of fresh ground beef, 
results generally showed higher microbial Indicator 
loads on products from stores in low SES areas. Only 
a few of these differences, however, were found to 
be statistically significant. These included: (I) APC 
(P = 0.002) and Y&M (P = 0.00 I) counts in RTE salads, 
(2) APC (P = 0.05) andY&M (P = 0.006) counts in 
strawberries and (3) Y&M (P = 0.03) counts on 
cucumbers. A difference was also seen in the APC 
in ground beef (P = 0.003), with higher counts seen 
in high SES stores. Results indicate that there does 
not appear to be a difference in the level of pathogens 
that populations of different socioeconomic status are 
exposed to in their raw food products (i.e., Salmonella 
and Campylobacter in chicken and E. coli in beef). Our 
results do indicate, however, that low SES populations 
may experience produce of poorer microbial quality 
and may therefore be at greater risk for foodborne 
illness through these types of products if pathogens 
are present. 

Attitudes and Educational Needs Regard
ing New Alternative Technologies 

CLAUDIA DELGADO-GUTIERREZ and 
Christine M. Bruhn, University of California
Davis, Dept. of Food Science and Tech., One 

Shields Ave., Davis, CA 95616-8598, USA 

Introduction: High pressure, pulsed electric field 
and ohmic heating are among new alternative 
methods for processing foods that provided higher 
nutritional value, longer storage with fresh appear
ance, and better overall appearance and flavor. 

Journal of Food Protection Supplement A - 136 
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However, there are few such products in the market, 
the price is slightly higher than traditionally processed 
food, and there is a limited record of use. Consumer 
attitudes toward these technologies play a fundamen
tal role for extending the use of these technologies in 
the food Industry. Educational brochures were created 
about each of these technologies and tested with 
professional health educators who interact with the 
public. 

Purpose:The purpose of this study was to deter
mine information needs of health professionals and 

assess satisfaction with a brief technology summary 
prepared for health professionals. 

Methods:A quantitative study with a sample of 
health professionals was conducted.The study consists 
on an electronic survey which measured the percep
tions of health professionals about these technologies 
and their evaluation of the educational brochures. 
Statistical analysis such asANOVA was used to 
compare technologies and the acceptance of the 
educational brochures. 

Results:The level of confidence used was alpha = 
0.05. Most health professionals were unfamiliar with 
high pressure, pulse electric field and ohmic heating. 
Information on product benefits and safety evaluation 
were of greatest Interest to health professionals; 
however, history and use in other countries as well as 
worker and environmental safety were also highly 
valued. 

Significance:These findings indicate that health 
educators today are seeking a wide range of Infor
mation about food products and food processing. 
This suggests that educational programs should be 
prepared to address topics beyond good flavor and 
nutritional value. 

P 1-64 What are the Economic Costs of 
Recordkeeping for Food Processors? 

Aylin Sertkaya, AYESHA BERLIND, Christina 

R. McLaughlin, and Andrew J. Estrin, Eastern 

Research Group, Inc., I IO Hartwell Ave., 

Lexington, MA 02421, USA 

Introduction: Estimating recordkeeping costs Is 
necessary for determining the cost and paperwork 
burden of a proposed regulation.Although record
keeping cost estimates are important for analyzing 
regulatory Impacts, there Is no information on current 
recordkeeping costs in the food Industry. 

Purpose: The primary objective of this study was 

the development of a generalizable model to estimate 
recordkeeping costs Incurred by food processors. 

Methods: We gathered expert opinion on the 
likely range of recordkeeping costs from a 14-member 
expert panel. Our experts' significant experience 
working at food manufacturing plants allowed them 

to observe the Implications and burden of keeping 
records. Using a multi-round modified Delphi tech
nique, we elicited labor hour estimates by record type, 
food sector, and facility size on: writing and updating 
standard operating procedures (SOPs), initial and 
refresher training of employees, and record mainte

nance. 
Results: Our expert estimates indicate that 

overall food processors spend the most time keeping 
production and process records, followed by QA/QC 
and laboratory operation records, and incoming raw 
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material inspection records.The total time spent per 
year maintaining all records ranges from around 800 h 
for small to I, 900 h for medium to around 4,000 h 
for large food processors. Processors typically spend 
between 178 (small) and 425 h (large) writing SOPs 
upon start-up and between 55 (small) and 141 h 
(large) updating them on an annual basis. Initial 
training of employees In recordkeeplng procedures 
ranges from 67 (small) to 291 h (large) on average. 
Further, processors typically spend between 62 (small) 
and 260 h (large) on refresher training annually due 
to employee turnover, new hires, and changes in 
procedures. 

Significance: Our results show that recordkeeplng 
requirements can potentially impose significant costs 
on food processors.Although these costs Increase 
with facility size, the per-employee burden of 
recordkeeplng is lower for larger facilities. 

P 1-65 Does Recordkeeping Improve Food 
Safety? 

AYLIN SERTKAYA,Ayesha Berlind,Andrew 

J. Estrin, and Christina R. McLaughlin, Eastern 

Research Group, Inc., I IO Hartwell Ave., 

Lexington, MA 02421, USA 

Introduction: Records contain Information that is 
valuable for food safety, quality, and other business 
management purposes. Food processors keep 
records to comply with FDA and other regulatory 
requirements, to meet purchaser requirements, 
improve process control, and conduct trend analyses. 

Purpose: The objective of this study was to 
evaluate the contribution of recordkeeping to food 
safety in processing plants. 

Methods: We used a five-round modified Delphi 
technique to generate information from a 14-member 
panel of nationally recognized food safety experts. 

Each expert had significant experience working in 
food manufacturing plants, allowing them to assess the 
implications of keeping records on food safety 
performance.The panel generated estimates of the 
relative food safety gains attributable to each record 
type by plant size.We then used factor analysis to 
determine the relative Importance of record types to 
food safety. 

Results: The relative reduction in food safety risk 
from a given record type ranges from 0% to 0.7% for 
small facilities, 0% to 0.8% for medium facilities, and 
from 0% to 1.2% for large facilities.The highest 
reductions in risk for large facilities are associated 
with production and process control records (0.8%), 
analytic testing records (0.6%), cleaning validation 
records (0.5%), and equipment cleaning and sanitation 
records (0.5%).The relative gains in food safety from 
recordkeeping Increase with plant size. Smaller plants 
typically are less complex, which may result In more 
efficient oversight of food safety practices. For small 

plants, the highest reductions In risk are associated 

with production and process control records (0.5%), 

cleaning validation records (0.4%), and analytic testing 

records (0.3%). 
Significance:The results suggest that recordkeep

ing Improves food safety in processing plants. Further, 

the food safety gains from recordkeeping typically 

increase with plant size, with larger processing plants 

benefiting relatively more from most types of records. 
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P 1-66 Health Code Violations: Is There Consis
tency in Types of Violations by State/ 
County, a Case Study 

MARGARET BINKLEY, Douglas Nelson, Barbara 
Almanza,and Richard Ghiselli,TexasTech 
University, Box 41162, 15th and Akron, Lubbock, 
TX 79409-1 162, USA 

lntroduction:The Food and Drug Administration 
(FDA) provides recommendations for safe-food 
handling. Even though the Food Code is not legally 
binding, it Is used by states and local jurisdictions to 
enact their own regulations. With the diverse range 
of foodservice establishments, it may be hard for 
inspectors to apply the same type of subjective 
analysis to each. Medeiros and WIicock (2006) state 
that even objective standards can be influenced by 
the subjectivity of the health inspector. 

Purpose:The purpose of this study was to 
determine how similar health code violations were, 
from state to state and county to county, for 
foodservice establishments. 

Methods: Health inspection reports for restau
rants from 8 states and 27 counties were used for 
this study.A coding sheet was developed where health 
code violations from each of the 3616 inspection 
reports were entered and could be compared. Ninety 
different violations were coded. Comparisons were 
made between states and between counties within 
each state. 

Results:The study found the top five violations for 
all states were: Improperly maintained equipment, 
floors not clean, handsinks not properly stocked, walls 
and ceilings not clean, and food not stored six Inches 
off the floor. It is interesting that six of the eight states 
had 4 out of the five violations as the top five for the 
state. Nineteen of 27 counties had three of the top 
five violations as the top five for the county. 

Signi~cance:This study showed there could be 
some consistency between states and counties as to 
problems found In restaurants. With this consistency, 
it is suggested that standardizing health inspection 
reports at the state or national level could be 
accomplished. This also shows training for inspectors 
and food service industry personnel is needed In 
order to concentrate on those critical Items. 

Pl-67 A Model for Assessing the Training Needs 
of Retail Food Safety Inspection Officers 

ALAN M.TART, FDA, 60 8th St. N.E., Atlanta, 
GA 30309, USA 

In 1998, the US Food and Drug Administration, 
with input from federal, state and local regulatory 
officials, industry, trade associations, academia, and 
consumers, developed the Voluntary National Retail 
Food Regulatory Program Standards. Since the 
program standards are based on meaningful public 
health performance measurements, federal, state, local, 
and tribal regulatory entities that voluntarily enroll in 
the program standards use them as a framework for 
continuous program improvement. Standard 2 of the 
Program Standards details the essential elements to 
a training program for retail food safety inspection 
officers. Based on recommendations from the Conf
erence for Food Protection (CFP), this Standard was 

recently revised In January 2007 to include a more 
structured approach (a national best practices model) 
for field training of regulatory retail food program 
inspection staff. New hires and/or individuals newly 
assigned to the regulatory program require consistent 
training related to the knowledge, skills, and abilities 
(KSAs) that are applicable to the job being performed. 
An Assessment ofTralning Needs (ATN) tool which 
gauges the retail food safety inspection officer's readi
ness to conduct independent retail food and food
service Inspections is Included In the revised Standard 
2.Thls presentation will provide an overview of the 
Assessment ofTraining Needs tool as part of the 
recommended 5-step training and standardization 
process outlined in Standard 2 for achieving the 
required level of inspector competency. By the 
conclusion of this presentation, participants will be 
familiar with 5-step training and standardization 
process outlined in Standard 2 of FDA's Voluntary 
National Retail Food Regulatory Program Standards. 

P 1-68 Development of Canadian Standards for 
Working with Foodborne Viruses:The 
Microbiological Methods Committee's 
(MMC) Technical Group on Virology 

FRANCO J. PAGOTTO, Kirsten Mattison, Julie 
Brassard, Alain Houde, Tineke Jones, Carole 
Simard and Yvon-Louis Trottier, Health Canada, 
251 Sir Frederick Banting Driveway, Ottawa, 
ON, KIA0K9, Canada 

Introduction: Known and emerging enteric viral 
agents such as norovlruses, hepatitis A virus, and 
hepatitis E are increasingly incriminated in foodborne 
disease.A pressing need exists to develop more 
efficient, reliable and rapid methods to capture, 
concentrate and detect viruses in food matrices. 

Purpose:A technical group was created to 
standardize methodologies for detection and 
characterization of food borne viral pathogens and to 
develop guidelines for validation of newly developed 
methodologies.To compare disparate methodologies, 
we propose the use of the feline calicivirus (FCV) 
as an internal control for all isolation and detection 
methods targeting RNA viruses. 

Methods: Plaque forming units (PFU), tissue 
culture infectious dose (TCID50) and reverse 
transcription-polymerase chain reaction (RT-PCR) 
units were assessed as methods to titre stocks of 
FCV for use as an Internal control.This study was also 
used as an example of the methodology required for 
validating viral isolation procedures, including three 
different viral stocks each tested in triplicate by two 
different laboratories. 

Results: The procedure resulted in successful 
production of three stocks of similar titres; for any 
given series of triplicate titratlons the titre varied by 
3-5 fold. All replicates of the plaque assay gave 
comparable titres, with maximum differences of 3.5 
fold between titres determined by 2 different labs.The 
TCID50 assay resulted in greater variability, with titres 
from 1.8 x I 06 units/ml to 1.3 x I 08 units/ml. Our 
Initial work indicates that plaque assays give a better 
indication of FCV titre in viral methods. The use of 
FCV as a universal control for isolation, nucleic acid 
extraction and downstream amplification methods will 
be useful in validating current and emerging methods. 
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Signif,cance:The true potential of the impact 

of gastroenteric viruses on public health remains 

uncertain. The use of standardized, continual and 

active surveillance In Canada will enable quantification 

and mitigation of this risk. 

Development of a "Type of Counterfeit
ers" Hierarchy to Review the Business 
Case of Anti-counterfeit Food Actions 

JOHN SPINK,Anthony Phillips.and Robyn Mace, 

School of Packaging, Michigan State University, 

1835 Yosemite Drive, Okemos, Ml 48864, USA 

Introduction: Counterfeiting is a rapidly increasing 
US/EU and global problem where an estimated 8% of 
all global trade is in counterfeit goods. Due to report
ing regulations, pharmaceutical counterfeiting Is most 
publicized, but growing incidents are revealing the 
problem extending to food products. A "hurdle" 
approach to anti-counterfeit actions is most optimal, 
including package components, product authentication, 
traceability or pedigree, supply chain management, 
manufacturer audits, and incorporating tests in 
standard operating procedures such as HACCP. 

Purpose: The first step in implementing effective 
anti-conterfeit food measures Is to clearly understand 
the processes and objectives of the offending 
pathogen, in this case, the counterfeiters themselves. 
This research expands the single Identification of 
"counterfeiter" into seven genres and to eighteen 
sub-genres, and develops a tool to analyze proactive 
anti-counterfeit actions. 

Methods:A scholarly review of counterfeit food 
threats and the counterfeiters was conducted and 
correlated with expert interviews. The capabilites of 
the counterfeiters was considered in relation to the 
effectiveness of RFI D, auto-identification, bar coding, 
and basic mass-serialization. 

Results:The research successfully developed 
a tool to review the effectiveness of specific anti
counterfeit food measures for specific threats by 
counterfeiter type. The research also successfully 
developed a "business case" for incorporating anti
counterfeit food analysis in current work processes 
or auditing policies. 

Significance: The US FDA has implemented food 
traceability requirements under Section 302 of the 
Bioterrorlsm Act of 2002, and is attempting to imple
ment traceability for Prescription Pharmaceuticals 
though the Pharmaceutical Drug MarketlngAct. This 
"business case" and tool will assist, and In some cases 
is assisting, in optimizing the industry anti-counterfeit 
actions. 

Neurotoxic Shellfish Poisoning from 
Recreationally Harvested Clams in 
Florida, 2006 

ROBINTERZAGIAN and Roberta Hammond, 

Florida Dept. of Health, 2295 Victoria Ave. #206, 

Ft. Myers, FL 3390 I, USA 

Introduction: Neurotoxic Shellfish Poisoning(NSP) 
is an illness caused by eating shellfish that have 
accumulated brevetoxin and Its derivatives. The main 
symptoms Include tingling and/or numbness of the lips, 
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tongue, thoat, hands and feet. Symptoms tend to be 
mild and resolve quickly and completely. It has been 
confused with a more serious toxin-related illness, 
Paralytic Shellfish Poisoning. Onset of NSP occurs 
within a few minutes to a few hours; duration is fairly 
short, from a few h to several days. Recovery is 
complete with few sequellae; no fatalities have been 
reported. 

Purpose: This presentation will summarize the 

etiology of Neurotoxic Shellfish Poisoning, including 

other shellfish poisoning types, and case study data 

from an NSP outbreak from recreationally harvested 

shellfish in Florida In 2006. The cases were apparently 

unaware of local red tide issues and that harvesting 

shellfish in the area was illegal. 
Methods: During the month of July, 2006, the 

Lee County Health Dept. received reports of 13 

individuals (5 clusters) who experienced neurological 

symptoms consistent with Neurotoxic Shellfish 

Poisoning after consuming recreationally-harvested 

clams from an area not open to legal shellfish 

harvesting on Sanibel Island and Ft. Myers Beach.The 

13 individuals were visitors to the area. Methods of 

investigation included interviews of cases, descriptive 
epidemiology, and analysis of clinical samples along 
with environmental analyses of marine waters. 

Results: Leftover clams, clams collected from 
the area and 2 urine specimens tested positive for 
brevetoxlns. The level of toxicity exceeded the 
National Shellfish Sanitation Program (NSSP) guidance 
level of20 mouse units/lO0 g. 

Significance: Similar NSP incidents have been 
previously documented in Southwest Florida from 
recreationally harvested shellfish in 1995, 1996, 200 I 
and 2005. Tourists and recreationally harvesters are a 
difficult audience to reach with prevention messages. 
Besides the media, other means to promote commu
nity educational efforts for future red tide events is 
needed. It might be useful to have public service 

announcements and other information ready for 
distribution, emphasizing the fact that cooking these 

shellfish does not eliminate the toxin. Shellfish should 

not, under any circumstances, be harvested from 
unapproved areas. In addition to these efforts, posting 

signs in all rental units and hotel rooms, warning the 

public about the risks and legality of self-harvesting 
shellfish and including contact information for the 

public to obtain additional information might also be 

helpful. 

Changes in Indicator Populations Due to 
Therapeutic Use of Injectable Antibiotics 
in Feedlot Cattle 

ANGELA M. LAURY, G. H. Loneragan,T. Platt, 

L.A. Branham, S. E. Ives, M.J. Engler, D. U.Thompson, 

and M. Brashears,Texas Tech University,Animal 

and Food Science, P.O. Box 42141, Lubbock, TX 

79409, USA 

Introduction: Nationwide, approximately 14.4%, 
or 4.0 million cattle require the administration of 

therapeutic concentrations of antibiotics to treat 

bacterial diseases or bovine respiratory disease 
(BRD).The effects of therapeutic use of antibiotics 
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on microbial populations in feedlot cattle are of great 
concern with regard to public health and food safety. 
Identification of changes in feedlot cattle indicator 
microorganisms can provide Information on the 
bacterial load patterns due to therapeutic use of 
antibiotics. 

Purpose: The purpose of this study was to deter
mine which treatment(s) affect the bacterial load 
patterns of Indicator populations (i.e., Escherichia coli, 
Enterococcus, and Salmonella) of feedlot cattle after the 
administration of therapeutic injectable antibiotics. 

Methods: Five commonly used injectable 
antibiotics (Excede, Nuflor, Biomycln, Baytrll, and 
Micotil) were administered therapeutically to feedlot 
cattle. Fecal samples were collected from animals 
prior to treatment for naturally-occurring BRD and 
96 hours after treatment on fifty animals per expo
sure (treatment) and fifty ( control) clinically healthy 
pen mates of the treated animals. A direct-plate count 
method was used to enumerate enterococcl and E.coli 
whereas a most probable number (MPN) technique 
was used to enumerate Salmonella. Descriptive 
statistics were generated for bacterial counts by 
treatment. 

Results: There were statistically significant 
differences (P < 0.05) between the control and five 
treatment groups. Reduction of populations of E.coli 
occurred between 1-3 log cycles and reduction of 
Enterococcus at 1-2 log cycles were observed in cattle 
treated with all the antibiotics.The greatest reduction 
in Salmonella populations, when Salmonella was 
present, was observed with cattle treated with 
Excede, Nuflor, and Baytril. 

Significance: These results provide important 
information on the effects of commonly used inject
able antibiotics routinely given to feedlot cattle and 
the effects on specific Indicator populations. These 
results also provide knowledge that therapeutic 
antibiotic use does reduce indicator populations 
commonly associated with antibiotic resistant 
bacterial strains. 

Pre-harvest Control Factors Affecting 
Prevalence of Shiga Toxin-producing 
Escherichia coli in Cattle Grazing Irrigated 
Pastures 

LAURIE M. BOLLINGER, Hussein S. Hussein, 

and Edward R.Atwill, University of Nevada
Reno, Dept. of Animal Biotechnology, MS 202, 
Reno, NV 89557, USA 

Worldwide, contamination of foods with Shiga 
toxin-producing Escherichia coli (STEC) caused 
numerous outbreaks of human illnesses. The illnesses 
ranged from mild or bloody diarrhea to the life
threatening hemolytic uremic syndrome (HUS). 
Because cattle are STEC reservoirs, their fecal 
shedding of these pathogens will continue to be a 
food safety concern, as shown in the recent beef and 
produce outbreaks.To combat the problem, it is 
essential to identify and implement on-farm factors 
that decrease cattle shedding of STEC. This study was 
designed to determine effects of pre-harvest factors 
on STEC prevalence in California cattle grazing 
irrigated pastures. In four cow-calf operations (ranging 
from 38 to 1,300 cows), 638 fecal samples were 
collected from 437 cows and 20 I calves (28 to 92 
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days old) over one year.Approximately 40 samples 
were collected from each operation in each season. 
Prevalence rates of STEC were higher (P < 0.05) for 
calves than for cows (7.5 vs. 1.6%) and also higher 
(P < 0.05) in the spring than in the remaining seasons 
(7.4 vs. an average of 2.3%). Overall, the STEC Iso
lates belonged to nine serotypes (0 I :H2, 026: 
HUT [untypeable H antigen], 0I25:H2,0125:H 19, 
0125:HUT, 0169:H 19, OUT [untypeable O antl
gen]:H 16, OUT:H- [nonmotile isolate], and OUT: 
HUT). Of these serotypes, two (O26:HUT and 
OUT:H-) caused HUS, three (0 I :H2, OUT:H 16, 
OUT:HUT) caused other human illnesses, and five 
(0 I :H2, 0I25:H2,0125:H 19, 0125:HUT, and 
0169:H 19) have not been reported previously in 
cattle. E.coli O 157 isolates were not found In the 
cattle tested. Of the various management practices 
tested, lower (P < 0.05) risks of STEC shedding were 
associated with offering running drinking water 
(streams or springs vs. ponds or ditches) to cattle and 
with shortening the calving season to s 2 months. 
Improving management of grazing cattle appears to 
decrease the risk of carriage and fecal shedding of 
STEC. 

Salmonella Contamination of Cattle 
between Feedlot and Abattoir 

NARELLE FEGAN, Glen Higgs, and Patricia 
Desmarchelier, Food Science Australia, P.O. Box 
3312,Tlngalpa DC, Brisbane, Queensland, 4173, 
Australia 

Introduction: Salmonella enterica is an important 
foodborne pathogen that has been associated with 
the consumption of beef. Salmonella can be found in 
healthy cattle at slaughter and may contaminate 
carcases during processing. 

Purpose:The presence of Salmonella on cattle, 
transport vehicles and abattoir holding pens was 
investigated to determine potential sources of cattle 
contamination during transport and lairage. 

Methods:The incidence and number of Salmonella 
in the feces and on the hides of cattle was determined 
for 3 groups of 30 animals, both at a feedlot and at an 
abattoir immediately after slaughter. Samples from the 
carcases of the cattle prior to chilling were also 
collected.The presence of Salmonella on the sides and 
floors of the transport vehicles and abattoir holding 
pens was determined prior to entry of the cattle. 

Results: Salmonella was not isolated from the 
hides of cattle sampled at the feedlot or the hides or 
carcases sampled at the abattoir. Salmonella was 
isolated from 2% of 90 cattle feces collected from the 
abattoir but not from feces collected at the feedlot. 
Salmonella was isolated from the floors (4%) and sides 
( 11 %) of trucks and from the floors (33%) and rails 
(26%) of the abattoir holding pens. Counts of 
Salmonella determined using an MPN technique were 
low with detectable numbers occurring only in 
samples collected from the abattoir pen floors 
(maximum count of log -2.03 MPN/cm2). 

S/gnl(,cance:The isolation rate of Salmonella from 
animal hides and feces did not increase significantly 
between the feedlot and after slaughter in this study. 
The presence of Salmonella in the transport and 
lairage environments suggests these are potential 
sources for cross contamination of animals although 
no direct evidence of this was found in this study. 

Journal of Food Protection Supplement A - 140 
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P2-04 Survival and Growth of Different Strains 
of Escherichia coli O I 57:H7 in Cattle 
Water Troughs 
SAJIDA PLAUCHE and Marlene Janes, Louisiana 

State University, I I I Food Science Bldg., Baton 

Rouge, LA 70803, USA 

Escherichia coli O I 57:H7 is an emerging food
borne pathogen, with cattle being implicated as the 
major reservoir for this organism. E.coli O 157:H7 
is a very persistent pathogen and has been shown 
to survive for long periods of time in the cattle farm 
environments.The purpose of this study was to 
investigate the survival of different strains of E. coli 
O I 57:H7 in cattle water troughs. Experimental 
microcosms were set up to evaluate survival of three 
environmental and two human strains of E.coli 
O I 57:H7 in the sediments of cattle water troughs in 
the presence and absence of natural microflora at 5, 
I 5, 25, and 37°C.An inoculum of each of the five 
strains of E.coli O I 57:H7 was added to each separate 

aliquot of the sediment sample and mixed to obtain a 

bacterial concentration of~ I 07 CFU/g. At all tempera

tures, duplicate samples were incubated and the I g 

aliquots of samples were cultured to determine the 
presence of E.coli O I 57:H7 periodically for 60 days. 
Higher temperatures (25°C and 37°C) resulted in 
significantly greater (P s 0.05) decrease of E. coli 
O I 57:H7 than lower temperatures (5°C and 15°C), 
especially in the presence of natural microflora.After 

60 days, all the strains were detectable by direct 
culture method in the presence of natural microflora 
at 5°C and I 5°C, but could not be recovered when 

incubated at 25°C and 37°C. It was also observed that 
the growth and survival of human E.coli O I 57:H7 

isolates was significantly lower (P s 0.05) than 
environmental isolates at lower temperatures (5°C 
and I 5°C) both in the presence and absence of 
competing microorganisms. This study shows that £ 
coll O I 57:H7 can survive for long periods of time in 
cattle water trough sediments even at low tempera
tures and emphasizes the importance of Improving 
sanitary conditions of the water troughs. 

P2-05 Feedlot Dust as a Source of Cross Con
tamination of Escherichia coli O 157 on 
Beef Feedlot Cattle Hides Prior to Ship
ping 
MINDY BRASHEARS, Guy Loneragan, and Mark 

Miller, Texas Tech University, P.O. Box 42141, 

Lubbock,TX 79409, USA 

Introduction: Farm animals are considered the 
primary reservoir of£ coli O 157. Hides are the 
primary source of contamination of the carcass, so an 
increase in pathogen loads on the hides can result in 

an increased amount of contamination of the final 
product 

Purpose: Cattle pass though a significant amount 

of dust during loading. The objective of this study was 

to determine if this could potentially be a source of 

cross contamination of the animals during loading and 
if control of this dust could control the amount of 

pathogen contamination, 
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Methods: 250 cattle were sampled over a 4-day 
period. Animals were loaded though a loadout area 
where dust was generated or though a clean, concrete 

loadout area where no dust was generated from 
animal movement. We collected composite hide 
samples from the withers and midllne. Air samples 
were collected as well as soil samples in the snake 
area and from the pens. We determined the presence 

and the quantitative amount of E. coli O 157 in the 
samples, 

Results: In the clean loadout area, I 5% of the air 

samples tested was positive was for E.coli O 157 while 

57% of the samples collected in the dirty load-out 
area tested positive. The prevalence of E.coli O 157 
was 45.7%, 58.3% and 80.5% In home pens, loadout 
area I and loadout area 2, respectively. The total E.coli 
O 157 numbers on the hides Increased after exposure 

to the dust cloud. In the dirty loadout areas the total 

E.coli O 157 loads on the hides increased by 1.2 log 
cycles from 2.5 log CFU/cm2 to 3.7 log/cm2• 

Significance: The dust in the loadout area Is a 
source of contamination of the hides and control of 

this dust could reduce the amount of pathogens that 

are carried on the hide to the slaughter facility. 

P2-06 Fate of Zoonotic Pathogens in Static 
Composting Piles of Chicken Litter 
and Peanut Hulls 

MARILYN C. ERICKSON, George E. Boyhan, 

Chris B. Smith,Jean Liao, Michael P. Doyle, Li Ma, 

and Xiuping Jiang, University of Georgia, I I 09 

Experiment St., Griffin, GA 30223, USA 

Introduction: Inadequately composted manure 
has been cited as a potential pre-harvest source of 
contamination of produce. Operations that do not 
turn, or that provide only limited turning of, the 
compost material are likely to have increased survival 
of zoonotic pathogens. 

Purpose:The fate of avirulent pathogens (gfp
labeled Escherichia coli O I 57:H7 and Listeria /nnocua, 
and rifampin-resistant Sa/mone//aTyphlmurium) In the 

field was monitored at both interior and surface sites 

of static composting piles composed of chicken litter 

and peanut hulls. 
Methods: Six static compost piles, having a base 

diameter of 3 - 4 m each, were formed, using chicken 

litter and aged peanut hulls, and mixed to give initial 
C:N ratios ranging from I 5 - 18. Subsamples of the 

initial mixture were removed, sprayed with one of the 

pathogen inocula to give concentrations of I 05 - I 07 

CFU/g, distributed into gas- and water-permeable 
packages, and then positioned either in the interior 
(30 cm from both the surface and ground) or on the 
surface (30 cm from the ground), Temperature and 

oxygen readings were taken on compost piles while 

packaged compost material was monitored for 
pathogens, pH, and moisture. 

Results: In interior samples, pathogens were 
inactivated quickly, being detectable after 2 days of 
composting by enrichment culture only. Despite 
exposures to elevated temperatures, however, 

Salmonella continued to be detected by enrichment up 
to 14 days after composting was initiated in interior 
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samples. In surface samples, the fate of pathogens was 
dependent on the season and ambient temperature 
conditions In which composting was conducted. 
During the summer, pathogens were detected after 
4 days of composting by enrichment culture only 
whereas > 2 log CFU/g remained viable for up to 
28 days in surface samples of piles composting during 
the fall. 

Significance: Significant survival of pathogens 
occurs on the surface of unturned static compost 
piles containing chicken litter such that the material 
should be held for more than one month before 
applying to fields. 

Inactivation of Salmonella and Listeria 
in Dairy Manure-based Compost 

MARIONW. SHEPHERD,JR., P. Liang,X.Jiang, 
M. P. Doyle, and M. Erickson, Clemson University, 
I 12 Regency Drive Apt. 29, Central, SC 29630, 

USA 
Introduction: Foodborne pathogens such as 

Salmonella spp. and Listeria monocytogenes are often 
present In animal manure. These bacteria can con
taminate fresh produce though the common practice 
of using raw or inadequately composted manure as 
soil amendments for vegetable production. 

Purpose: The objective of this study was to deter
mine the fate of Salmonella sp. and Listeria innocua in 
dairy manure-based static compost heaps in a field 
setting. 

Methods: Avlrulent SalmonellaTyphimurium 8234 
and Listeria innocua 33090 strains selected for rifampin 
resistance were inoculated into dairy manure-based 
compost mixtures. The Inoculated compost mixture 
was individually packaged and placed within compost 
heaps at top, middle, and bottom locations. Surface 
samples were secured to the compost heaps in 
individual sampling trays. Bacteria were enumerated 
by direct plating on XLT-4 and Oxford media contain
ing rifampin ( I 00 µg/ml), for Salmonella and Listeria, 
respectively, or detected by selective enrichment 
cultures. 

Results: Salmonella, at initial cell numbers of ca. 5 
log CFU/g, was undetectable after I , I, and 3 days of 
composting at the top, middle, and bottom locations, 
respectively, of compost heaps. For the high inocula
tion trial (ca. 7 log CFU/g), both Salmonella and Listeria 
were undetectable at all three internal sampling 
locations after 2 days of composting. In each trial, 
however, both salmonellae and listeriae in surface 
samples were detected though 4 months. Additionally, 
temperatures for all internal heap locations were 
greater than 50'C for 12 to 13 days during the first 
two weeks of both trials. 

Significance: Results reveal that both Salmonella 
and L. innocua at initial cell numbers of 5 to 7 log 
CFU/g can be inactivated within 3 days in dairy 
manure-based compost heaps that were greater than 
50'C during this period of time. Importantly, the 
pathogens can survive for at least 4 months on the 
surface of unturned static compost heaps. 

P2-08 Virulence Genes and Enterohemolysin 
Production by Escherichia coll Isolates 
Derived from Feedlot Beef Cattle, Envi
ronment and Carcasses 
Ana Eucares von Laer, Katia L. 0. de Souza, 
Ricardo I. Sakate, Edio Moscardi Jl'.mior,Jose 
P. AN. Pinto, Kinue lrino, MARIZA LANDGRAF, and 
Maria Teresa Destro, University of Sao Paulo,Av. 
Professor Lineu Prestes, 580 Bl. 13B, Sao Paulo, 
05508-900, Brazil 

Several outbreaks have been caused by serotype 
E.coli O 157:H?; however, non-O157 strains have also 
been incriminated.The inability of O 157 to ferment 
sorbitol is one of the characteristics used to differen
tiate this serotype from others. The objective of this 
study was to evaluate the presence of some virulence 
genes in, and the capacity of hemolysin production by, 
sorbitol positive (s+) and negative (s-) E.coli isolates. 
A total of 615 isolates (332 s+; 283 s-) obtained from 
feedlot cattle, from the growing environment and 
from their carcasses were examined.The presence of 
stx I, stx2, uidA and eaeA were evaluated by multiplex 
PCR, and ehxA was evaluated alone. The ability to 
produce hemolysln was done by stabbing on blood 
agar.Virulence genes and/or enterohemolysin were 
detected in 86 isolates ( 13.9%) (51 s+).These isolates 
were from feces, water, carcasses and the floor of the 
cold room where the carcasses were kept. 21 Isolates 
(IO s+) produced hemolysln but presented none of 
the virulence genes and 25 (22 s+) showed stx I. Gene 
eaeA was detected In 20 isolates (4 s+), and stx2 in 
17 (5 s+). 13 isolates ( I s+) presented ehxA and were 
hemolysin producers, while 8 s+ isolates harbored 
ehxA but did not express it.Among the 5 isolates 
presenting stxl and stx2 simultaneously 4 were s+. 
uidA, a gene specific for O 157:H?, was found in 
7 s- isolates all from animal feces. However, one of 
these was serotyped as O97:H I. Serotypes identified 
were: O97:H I (6 isolates); O38:H2 I (4); O85:H? (4), 
0136:H 16; 0172:H-; ONT:H 16; ONT:H34; ONT:H7; 
ONT:H2; ONT:H8; ONT:H3 l; ONT:H34; ONT:H2 I; 
ONT:H IO; ONT:H46; 0178:H-; 0157:H 12; O85:H?; 
0178:H?, O26:H-; O79:H 14; 0177:H-; 0 I 02:H2 I; 
O87:H25.The results indicate, for the first time in 
Brazil, the presence of O l 57:H7 in the feces of feedlot 
beef cattle. 

P2-09 Dynamics of Campylobacter Spread 
Investigated in Fourteen Broiler Flocks 
in Switzerland 

Marianne Ring, CLAUDIO ZWEIFEL, and Roger 
Stephan, Institute for Food Safety and Hygiene, 
Vetsuisse Faculty University of Zurich, 
Winterthurerstrasse 272, Zurich, 8057, 

Switzerland 

Introduction: Poultry is assumed to be among the 
most important sources of foodborne Campylobacter 
infections. Broilers are often carriers of C.jejuni and 
may contain large amounts in their intestines when 
colonized. Horizontal transmission is generally 

Journal of Food Protection Supplement A - 142 
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believed to be the common way for colonization, 
but the epidemiology of Campylobacter in broiler 
production is still not completely understood. 

Purpose:The aim of this study was to investigate 
the spread and distribution pattern of Campylobacter 
within different broiler flocks during the rearing 
period. 

Materials:Ten conventional and four extensive 
outdoor broiler flocks, distributed over nine farms, 
were investigated twice a week during a 35-58 day 
rearing period. Isolation of Campylobacter was 
accomplished by culture after enrichment (Campylo
bacter Selective Broth and Agar). C. jejuni was identified 
by its positive reaction in hippurate hydrolysis. Isolated 
strains were (i) genotyped by restriction fragment 
length polymorphism (RFLP) analysis of the f/aA gene 
using Ddel and macrorestriction profiling with pulsed 
field gel electrophoresis (PFGE) using Smal. 

Results: Of the 4, I 12 collected samples, 157 
(3.8%) were Campylobacter positive (C.jejum).The 
positive samples (mostly fresh fecal samples) were 
distributed over three conventional and two extensive 
outdoor flocks on five farms.The five positive flocks 
were colonized from the fifth to seventh week of age 
and remained colonized until slaughter. RFLP yielded 
five and PFGE six different patterns. Each of the flocks 
showed one flock-specific genotype predominating 
until slaughter. 

Significance: Presuming different ways of entry, a 
combination of this fact and the observed dynamics of 
C.jejuni spread within the flocks Indicates that a single 
source from the environment may have been respon
sible for the colonization of each of the flock.These 
conclusions may serve to develop combat strategies 
at farm level. 

Salmonella on Harvest-ready Cattle 
of the Texas High Plains 

TYLER STEPHENS, David J. Kunze II, Guy 
H. Loneragan,Tammy M. Platt, Mark F. Miller, 
Thomas E. Besser, Mohammad Koohmaraie, and 

Mindy M. Brashears,Texas Tech University, Dept. 

of Animal and Food Sciences, Box 42141, 

Lubbock,TX 79409, USA 
Introduction: Salmonella is a pathogen commonly 

associated with cattle. Multi-drug resistant (MDR) 
Salmonella has become a concern to cattle producers. 

Purpose: The objectives of this study were to: 
(A) identify and characterize specific at-risk popula
tions of cattle most likely to harbor MDR at time of 
harvest; and (B) determine if prevalence and pathogen 
load of Salmonella varies across season. 

Methads: Hide-swab (1,000 cm2
) samples were 

collected in-plant from three cohorts (cull-dairy, cull
beef, healthy-beef). Fecal samples ( ~ 150 g from pen
floor fecal-pats) were collected from the pens of two 
cohorts in feedlots (culls {(railers)}, healthy harvest
ready). Salmonella was isolated using Rapport
Vassiliadls broth, tetrathionate broth and presumptive 
colonies streaked onto Xylose Lactose Tergitol™ 4 
agar. Samples presumptively positive were enumer
ated using most-probable number (MPN) techniques 
to provide statistical estimates of colony forming units 
(reported as MPN/ I 00 cm2 of hide or MPN/g feces). 
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Isolates were subjected to antimicrobial susceptibility 
testing using micro-broth dilution techniques and 
serotyped. 

Results: Salmonella was recovered from 55.6% of 
1,681 samples collected though four seasons. Pre
valence on hides was 69.6% and in feces was 30.3%. 
Prevalence of Salmonella on hides of healthy-beef, cull
beef, and cull-dairy was 79%, 58%, and 70%, respec
tively. Prevalence of Salmonella in feces of healthy 
harvest-ready and cull feedlot cattle was 32% and 28%, 
respectively. High-level resistance (4+ drugs) was rare. 
Overall, only 2.2% of all Isolates were resistant to 
four-or-more drugs and was over-represented in 
isolates recovered from cull cattle. Twenty-two sero
vars were identified, with the most common being 
Anatum (25.5%), Montevideo (22.2%), Cerro ( 12.5%), 
Mbandaka ( I 0.7%), and Kentucky (7.8%). High-level 
resistance, which was rare, was most commonly 
observed In S. Reading. 

Significance: Salmonella is frequently recovered 
from healthy and cull cattle in the Texas High Plains. 
High-level resistance Is rare but when it occurs, it is 
more likely to be detected in isolates recovered from 
cull animals and serotype clustered. 

Reduction of Escherichia coli O 157 and 
Salmonella in Feces and on Hides of 
Feedlot Cattle Using Various Doses 
of a Direct-fed Microbial 

TYLER STEPHENS, G. H. Loneragan, 
E. Karunasena, and M. M. Brashears, Texas 
Tech University, Mail Stop 42141, Lubbock, 
TX 79409-2141, USA 

Introduction: Escherichia coli O 157 and Salmonella 
are two pathogens that are commonly associated with 
healthy feedlot cattle. Direct-fed mlcrobials (DFM) 
are useful for the reduction of E.coli O 157 In feces 
and on hides of market-ready feedlot cattle. To date, 
the efficacy of DFM on the reduction of Salmonella has 
not been examined. 

Purpose: In this study, the effectiveness of DFM at 
reducing E. coli O 157 and Salmonella in beef cattle was 
evaluated. 

Methods: Steers (n = 240) received one of the 
following four treatment-concentrations: Control= 
lactose carrier only; Low = I x I 07 CFU/steer daily 
Lactobacil/us acidophilus NP5 I; Medium= 5 x I 08 CFU/ 
steer dally L acidophilus NP5 I; and High= I x I 09 CFU/ 
steer daily L acidophilus NP5 I. Low, medium and high 
diets also Included I x I 09 CFU/steer Propionibacter
ium freudenreichii NP24. 

Results: Feces was collected from each animal at 
allocation of treatment and found to have no variation 
(P = 0.54) between cohorts concerning E.coli O 157 
recovery. Feces and hide swabs were collected at 
harvest and analyzed for the presence of E.coli O 157, 
using immunomagnetlc separation, and Salmonella, 
using PCR. No significant dietary effects were 
detected for E. coll O 157 recovery from feces at 
the medium-dose or from hides at the medium- and 
high-doses. E. coli O 157 was 74% (P < 0.0 I) and 69% 
(P < 0.0 I) less likely to be recovered In feces from 
animals receiving the high and low diets, respectively, 
compared to controls. Compared to controls, E.coli 
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0157 was 74% (P = 0.05) less likely to be isolated on 
hides of cattle receiving the low-dose. No significant 
dietary effects were detected for Salmonella recovery 
from feces at the medium- and low-doses or from 
hides at any doses. Compared to controls, Salmonella 
was 48% (P = 0.09) less likely to be shed in feces of 
cattle receiving the high-dose. 

Significance: No obvious dose response of 
L acidophilus NP5 I on recovery of E. coll O 157 or 
Salmonella was detected in the current study. 

Prevalence and Enumeration of Esch
erichia coll O 157 in Steers Receiving 
Various Strains of Lactobacil/us-based 
Direct-fed Microbials; and Validation 
of Naturally Infected Bovine Feces with a 
Most-probable Number/lmmunomagnetic 
Separation Technique 

TYLER STEPHENS, G. H. Loneragan, L. M. 
Chichester, and M. M. Brashears,Texas Tech 
University, Mail Stop 42141, Lubbock, TX 79409-
2141, USA 

Introduction: Escherichia coli O 157 is a foodborne 
pathogen that commonly Inhabits the gastrointestinal 
tract of healthy feedlot cattle. Reduction of this 
pathogen has become important to producers to 
insure a safe product for consumers. Direct-fed 
microbials (DFM) have proven to be effective inter
vention strategies for reduction of this pathogen in 
feedlot cattle. 

Purpose: The current study had two objectives: 
(I) to evaluate the effectiveness of daily dietary 
inclusion of specific strains of Lactobacillus acidophilus 
on prevalence and concentration of E. coli O 157 in 
harvest-ready feedlot cattle, and (2) to validate a 
most-probable number (MPN) / immunomagnetic 
separation (IMS) technique. 

Methods: Steers (n = 500) received one of the 
following five DFM treatments daily: Control=lactose 
carrier only; NP28 = I 09 CFU L acidophilus NP28; 
NP5 I = I 09 CFU L acidophilus NP5 I; NP35 = I 09 CFU 
L acidophllus NP35; and NP5 I /NP35 = I 08 CFU each 
of L acidophilus NP5 I and 35. Immediately before 
each animal was shipped to the abattoir fecal samples 
were collected rectally. Selective-enrichment and 
immunomagnetic separation (IMS) techniques were 
used to detect E.coli O 157 in feces. Escherichia coli 
0157 concentration was estimated ( culture-positive 
animals only) using a MPN/IMS technique used for the 
first time in naturally infected feces, 

Results: When compared to controls, steers 
receiving NP5 I, NP28, and NP5 I /NP35 were 57% 
(P = 0.02), 65% (P < 0.0 I), and 65% (P < 0.0 I) less 
likely to shed E.coli O 157, respectively. Escherichia coli 
0157 concentration was highest (P < 0.05) in controls 
(3.2 log MPN/g of feces) compared to NP5 I, NP28, or 
NP5 I /NP35 (0.9, I. I, and 1.7 log MPN/g of feces; 
respectively). 

Significance: Population estimations of E.coli O 157 
were expected using the MPN/IMS technique. Only 
specific strains of Lactobacillus-based DFM effectively 
reduced the prevalence and concentration of E. coli 
0157 in harvest-ready cattle. Validated strains of 
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DFM should be used to reduce carriage of E.coli 
0157 in feedlot cattle due to the negligible efficacy 
of certain Lactobaci/lus strains. 

Impact of In-feed Antimicrobial Drug Use 
on Antimicrobial Susceptibility Patterns 
of Generic Escherichia coll 
LOREE A. BRANHAM, Tammy M. Platt, 
Guy H. Loneragan, Michael J. Engler, Daniel 
U.Thomson, Randall S. Singer, and Mindy M. 
Brashears,Texas Tech University, Box 42141, 
Lubbock, TX 79409-2141, USA 

lntroduction:The spread of antibiotic resistance 
has become a leading concern to public health. While 
expected to play a role in development and spread of 
antibiotic resistant bacteria, the Impact of feeding 
subtheraputic levels of antimicrobial drugs to feedlot 
cattle ls still highly debated. 

Purpose: The purpose of this study was to 
evaluate the impact of in-feed antimicrobial adminis
tration on the populations of generic E. coli isolated 
from feedlot cattle and their susceptibility to common 
antimicrobial drugs. 

Methods: 1,760 animals were allocated to one of 
16 pens; each pen was assigned to one of four 
treatments. Treatments Included (a) monensin (29.8 
mg/kg dry matter) and tylosin (9.7 mg/kg dry matter); 
(b) tylosin (9.7 mg/kg); (c) monensin (29.8 mg/kg); and 
( d) neither of the aforementioned antimicrobials. 
Fecal samples were collected from 40 animals per pen 
at arrival, re-implant, and harvest. Hide samples were 
collected from these same animals prior to shipment. 
A sub-sample of IO animals were sampled in the plant 
post-stunning, post-hide removal and post-Interven
tion. Samples were subjected to culture and enumera
tion. Multiple isolates collected from each sample 
were tested for susceptibility to a panel of drugs using 
a broth microdilutlon technique. Minimum Inhibitory 
Concentration breakpoints were obtained from the 
National Antimicrobial Resistance Monitoring System. 

Results: Generic E.coli was present in I 00% of 
cattle fecal samples at an average amount of 6.2 log 
CFU/g. 48.76% of all E.coli Isolates from samples taken 
at arrival showed resistance to at least one antimicro
bial. Of these resistant isolates, the most common 
resistance was to Sulfisoxazole, Tetracycline, and 
Streptomycin with 35.83%, 30.11 % and 15.53% 
showing resistance to the antimicrobials, respectively. 

Significance:Analysis of antimicrobial susceptibility 
patterns of these generic E. coli will help identify 
important risk factors associated with feeding sub
theraputic levels of antibiotics to feedlot cattle in 
the development of bacterial resistance. 

Listeria monocytogenes Growth in Delica
tessen Meats Based on Product Formula
tion and Age 

LEI ZHANG, Ewen C. D.Todd, and ElliotT. Ryser, 
Michigan State University, 323 G. M.Trout Blvd., 
Dept. of Food Science and Human Nutrition, 
East Lansing, Ml 48824, USA 

Delicatessen meats remain the leading cause of 
foodborne llsterlosis in the United States with growth 

Journal of Food Protection Supplement A - 144 
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of Listeria monocytogenes varying based on product 
formulation and storage temperature. In order to 
assess the impact of product age on Listeria growth, 
slices of cured turkey breast or ham (25 g) were 
surface-inoculated with an 8-strain cocktail of L mono
cytogenes to yield ~40 CFU/g at the time of purchase, 
midpoint or expiration date, and then pour or surface 
plated on Modified Oxford Agar to quantify L mono
cytogenes during storage at 4, 7, and I 0'C. All experi
ments were conducted in duplicate using two different 
lot numbers of the same product from the same 
manufacturers. L monocytogenes lag and generation 
times were then calculated. In general, L monocyto
genes grew faster (P < 0.05) in deli meats without 
Listeria inhibitors (lactate and/or diacetate) than in 
those with Inhibitors, with the growth rates indepen
dent of product age (P > 0.05). In turkey breast 
containing nitrite as the only preservative, growth 
began after 3 days regardless of storage temperature, 
with 4, 6 and 9 days of storage at I 0, 7 and 4 'C 
respectively required for L. monocytogenes to reach 
potentially hazardous levels of I 000 CFU/g. Genera
tion times for L. monocytogenes in cured turkey were 
9, 14, and 18 hat I 0, 7 and 4'C, respectively. In ham 
containing lactate and diacetate, growth began after 4, 
6 and 9 days of storage at I 0, 7, and 4 °C, respectively, 
with 7-8, I 1-12, and I 5-21 days needed to obtain 
populations of I 000 CFU/g, respectively. Generation 
times for L monocytogenes in ham were 13, 22 and 30 
h at I 0, 7 and 4°C, respectively. Lactate and diacetate 
prolonged the shelf life of ham, but were only partially 
Inhibitory to Listeria.These findings will be useful in 
developing scientifically based "best consumed by" 
dating for deli meats. 

P2-15 Validation of Hot Water Interventions on 
Beef Carcasses Using Fluorescent Pro
tein-marked Nonpathogenic Escherichia 

coli Strains as Surrogates for f. coli 

0 I 57:H7 and Salmonella 

ELISA CABRERA-DIAZ, Lisa M. Lucia,Alejandro 

Castillo, and Gary R.Acuff, Texas A&M Univer

sity, 2471 TAMU, College Station, TX 77843, 
USA 

Hot water carcass washes are currently used 
extensively in the beef processing industry as 
pathogen interventions, and while effectiveness is 
assumed, it has often not been strongly validated. 
Nonpathogenic E. coli strains could be used as 
surrogates in validation of hot water Interventions 
when pathogens cannot be utilized in food processing 
establishments.The purpose of this study was to 
evaluate nonpathogenic E.coli strains for use as 
surrogates in validating hot water treatments and 
determining temperature-time parameters to achieve 
maximal reductions on beef carcasses. Fluorescent 
protein-marked nonpathogenic E.coli strains and 
rifampicin-resistant mutants of E.coli O I 57:H7 and 
S.Typhimurium were used as marker organisms.The 
surface of hot-boned outside rounds was inoculated 
with fecal slurry containing the marker organisms. 
Each outside round was then sectioned in five pieces 
(300-cm2 approximately) and each piece randomly 
assigned to a treatment: (I) water at 76 ± I 0C for 2, 4, 
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6, 8 or IO s; (2) water at 86 ± I 0C for 2, 3, 5, 7 or 9 s 
and (3)water at 97 ± I 0C for I, 2, 3, 4 or 5 s. Treat
ments were applied at 30 psi from a I 0-cm distance. 
Two I 0-cm2 excised samples were collected in 
duplicate for enumeration of marker organisms. Death 
curves were constructed and D-values calculated 
from the linear regression equations. D-values among 
surrogates, E.coli O 157:H7 and S. Typhimurium were 
not different (P > 0.05).The average time required to 
reduce surrogates and pathogens by a 5-log cycle was 
25.0 ± 7, 13.3 ± 3 and 9.6 ± 3 s when the temperature 
on the carcass surface was 70.9 ± 2, 78.5 ± 2 and 86.4 
± 2°C respectively. Results indicate that the fluores
cent protein-marked E. coli strains used in this study 
are appropriate surrogates for validating hot water 
interventions for pathogen reduction on beef 
carcasses. 

P2-16 Investigation of a Multi-step Intervention 
suitable forVery Small Meat Establish
ments to Reduce Pathogens from Ino
culated Beef Surfaces 

CATHERINE N.CUTTER, Sally F. Yoder, 

William R. Henning, Edward W. MIiis, Nancy 
Ostiguy, and Stephanie Doores, Pennsylvania 
State University, 202 Food Science Bldg., 
University Park, PA 16802, USA 

Given the financial, space, and labor constraints 
of very small meat establishments (VSME), It is 
necessary to identify low-cost, practical antimicrobial 
carcass treatments that meet VSME needs. Multi-step 
treatments, comprising separate steps for cleaning and 
sanitizing, may be more efficacious than one-step 
treatments currently employed by the meat industry. 
In this study, one-step and multi-step antimicrobial 
treatments were investigated to determine optimal 
microbial decontamination of beef surfaces. Beef 
brisket surfaces were inoculated with a fecal slurry 
containing Escherichia coli O I 57:H7, Salmonella 
Typhimurium, Campylobacter coli, and C.jejuni.Treat
ments consisted of a warm (54°C) water wash only 
(WO), warm water wash plus water rinse (WW), 
water rinse only (OW), warm water wash plus 2% 
lactic acid rinse (WA), or a 2% lactic acid rinse only 
(0A). Water washes were applied using a packinghouse 
hose (30 psi, 20 s, distance < 5 cm), allowed to drip 
for 5 min, with the lactic acid applied using one of four 
different hand-held sprayers (stainless steel, backpack, 
garden, or retrofitted garden; 40 psi, I 5 s, distance < 5 
cm). Following treatment, beef briskets surfaces were 
processed for enumeration and isolation of pathogens 
and hygiene indicators (mesophilic aerobic plate 
counts, coliforms, and generic E. coli) and log reduc
tions determined. Regardless of the spray apparatus 
used,WA was the most effective treatment for reduc
ing bacterial populations (2.38 to 8.86 log CFU/cm2

). 

While 0A reduced populations (0.58 to 5.06 log CFU/ 
cm2) significantly, the reduction of microbial popula
tions following water-only treatments ranged from 
- 0.80 to 3.24 log CFU/cm2• Use of a stainless steel 
tank yielded at least 3.68 and 4.40 log CFU/cm2 

greater reductions (P = 0.002) of mesophilic APC and 
coliforms, respectively, than the other spray tanks 
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investigated. The WA treatment, using a stainless steel 
tank, will be used for further studies to validate Its use 
as a multi-step antimicrobial carcass intervention In 
VSME. 

P2-17 Investigation of Antimicrobial Rinses 
Suitable for Very Small Meat Establish
ments to Reduce Pathogens from Inocu
lated Beef Surfaces 

Sally F. Yoder,William R. Henning, EdwardVV. 
Mills, Nancy Ostiguy, Stephanie Doores, and 
CATHERINE N. CUTTER, Pennsylvania State 
University, 202 Food Science Bldg., University 
Park, PA 16802, USA 

Numerous antimicrobial interventions are cap
able of reducing the prevalence of harmful bacteria on 
raw meat products. Because of limited labor, space, 
and financial resources, there is a need to identify 
effective and inexpensive antimicrobial interventions 
that are feasible for use in very small meat establish
ments and can be integrated into hazard analysis 
and critical control point (HACCP) programs. The 
bactericidal effectiveness of eight antimicrobial 
compounds (acetic acid, citric acid, lactic acid, 
peroxyacetic acid, acidified sodium chlorite, chlorine 
dioxide, sodium hypochlorite, and aqueous ozone) 
at various concentrations was examined. Beef brisket 
pieces were inoculated with a fecal slurry containing 
a six-strain pathogen cocktail (Escherichia coli O 157: 
H7, Salmonella Typhimurium, Campylobacter coli, and 
C.jejunl). Antimicrobial solutions were applied to 
beef surfaces via a portable, pressurized, stainless 
steel spray tank (40 psi, distance of 30 cm from spray 
nozzle to meat surface, 15 s, 5 min dwell time). 
Treated surfaces were subjected to appropriate 
methods for the enumeration and isolation of patho
gens and hygiene indicators (mesophilic aerobic plate 
counts, coliforms and generic E. coli).Antimicrobial 
effectiveness was determined as follows: organic acids 
> peroxyacetic acid > chlorinated compounds > aque
ous ozone. For example, a 2% lactic acid rinse pro
vided log reductions ranging from 3.5 to 6.4 log CFU/ 
cm2 across all bacterial populations studied. Con
versely, aqueous ozone yielded 0.02 to 2.9 log CFU/ 
cm2 reductions in pathogens and hygiene indicators 
and did not differ significantly from a control tap 
water rinse (P-values = 0.055 to 0.731 ). Additional 
experiments will employ the 2% lactic acid rinse 
described here as part of a multi-step antimicrobial 
intervention under laboratory conditions, as well 
as part of an In-plant validation study for very small 
meat establishments. 

P2-18 Control of Listeria monocytogenes and 
Other Microorganisms in Brine Chill 
Systems Using a Novel Antimicrobial 
Formulation 
R. S. Koefod and TIMOTHY A. FREIER, Cargill, 
Inc., 15407 McGinty Road West, MS 65,Wayzata, 
MN 55391, USA 

Introduction: Brine chillers are potential risk areas 
for contamination of food by pathogens. Listeria mono
cytogenes, for example, survives well in saturated salt 
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brines at cold temperatures and is resistant to 
commonly used hypochlorlte brine treatments. 

Purpose: The purpose of this study was to 
explore new, food-safe, non-acidic antimicrobial 
additives for use In food production brines. 

Methods: Brines containing 24% NaCl and 
various surfactants were Inoculated with cocktails 
containing approximately equal numbers of 5 strains 
of L. monocytogenes, to a level of approximately I 06 

CFU/ml and Incubated at -18.5'C +/- 2'C. L. mono
cytogenes populations were determined at various 
time intervals by plating to Modified Oxford Agar 
with a Tryptlcase Soy Agar thin-agar overlay to aid 
In recovery of injured cells. Blofilms of this same 
cocktail were grown on stainless steel coupons, 
challenged with brine formulas, and enumerated as 
described above. 

Results:A 25 ppm {final concentration) solution 
of an alcohol ethoxylate in freshly prepared brine 
showed an ~ 3 log reduction In L monocytogenes after 
15 min and an ~ 6 log reduction after 30 min. Spent 
chill brine from a commercial hot dog production line 
containing 50 ppm (final concentration) of an alcohol 
ethoxylate reduced the inoculated L monocytogenes 
cocktail to undetectable levels (<IO CFU/ml) within 
4 h.When L monocytogenes biofilm was treated with 
spent chill brine containing 50 ppm alcohol ethoxylate, 
counts decreased to I 0-100 CFU/coupon within I h 
compared to 44,000 CFU/coupon for the control. 

Sign;ncance: Certain low toxicity surfactants, at 
relatively low concentrations, produced a strong 
synergistic antimicrobial effect with salts commonly 
used in brine chilling systems.These novel, patented 
formulas retain antimicrobial activity in the presence 
of organic material and are effective against L mono
cytogenes biofilms, making them a potentially valuable 
tool for enhancing the safety of many chilled food 
products. 

Reduction of Escherichia coli O I 57:H7 
in Whole Muscle Beef Cuts Using Lactic 
Acid Bacteria Cultures 

J.C. Brooks, MELISSA K. HUGHES, E. Karunasena, 
and M. M. Brashears, Texas Tech University, Dept. 
of Animal & Food Science, Box 42141, Lubbock, 
TX 79409, USA 

Introduction: A commercially available antimicro
bial product contains four strains of lactic acid bac
teria (LAB), and Is a post-production treatment used 
In the significant reduction of foodborne pathogens in 
beef products.The mixture has passed GRAS (Gener
ally Recognized as Safe) status assessment by the FDA, 
and is one of few post-production treatments available 
to protect meat during long-term storage, without 
affecting the shelf life or flavor. 

Purpose: The intent of this study was to evaluate 
the reduction of E.coli O I 57:H7 on chilled beef trim 
and on warm beef surfaces after inoculation with LAB 
cultures. 

Methods: Beef briskets were obtained for two 
distinct studies; warm briskets (37°C) simulated 
inoculation of beef carcasses, which were cooled to 
5'C to simulate chilling, and chilled briskets (5'C) cut 
into pieces that simulated beef trim. The briskets were 
inoculated with a I 07 CFU/cm2 dose of a four-strain 
cocktail mixture of E.coli O 157; then half of the 
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briskets were inoculated with a I 07 CFU/cm2 dose of 
LAB cultures while the other half were treated with 
sterile water. Samples were collected at 0, 2, 4, 12, 24, 
48, 72 and 96 h to determine reductions of E. coli 
0157 on the surfaces of the meat. 

Results: Significant reductions ( 1.5 log cycles) of 
E. coli O 157 occurred 2 h after application of LAB 
cultures in the warm brisket, and significant reductions 
(2.0 log cycles) occurred after 6 h for the chilled 
brisket, with slight reductions in pathogen loads 
occurring after 48, 72 and 96 h in both studies.The 
total LAB counts were similar between the two 
treatments after 48 h of storage, Indicating that the 
total counts of LAB were not changed, just the 
composition of the type of LAB found on the product. 
In all samples, there were no differences in total 
psychrotrophic organisms between the treated and 
non-treated samples, while the total populations of 
LAB In the non-treated samples increased over time. 

Significance: The data indicates that when this 
combination of lactic acid bacteria cultures are added 
to hot carcasses, primal or subprlmal cuts, or to trim 
in beef, significant reductions of pathogen loads occur. 
Additional reductions do not occur after the first 4-6 
h of application; thus there is no residual effect 
because the surface environment inactivates some of 
the lactic acid bacteria, and the lower amounts of total 
bacteria added result in less of a killing effect. 

Survival of Listeria monocytogenes Inocu
lated Post-processing on Frankfurters 
Formulated with Low Concentrations of 
Malic Acid, Sodium Citrate, and Sodium 
Acetate, and Exposed to a Heat Treat
ment after Packaging 

IFIGENIA GEORNARAS, Patricia A. Kendall, 

John A. Scanga, and John N. Sofos, Colorado 
State University, Dept. of Animal Sciences, 1171 
Campus Delivery, Fort Collins, CO 80523-1171, 

USA 
Introduction: Ready-to-Eat meat products may 

become contaminated with Listeria monocytogenes 
after thermal processing and, thus, there is a need to 
develop chemical and/or physical hurdle technologies 
to enhance the safety of these products. 

Purpose:Thls study evaluated the antilisterial 
effects of antimicrobials added at low concentrations 
to the formulation of frankfurters, with and without 
application of a post-packaging heat treatment. 

Methods: Frankfurters (two replications; three 
samples each) formulated with no antimicrobials 
(control), malic acid (MA; 0.032% wt/wt), sodium 
citrate (SC; 0.06% wt/wt), sodium acetate (SA; 0.12% 
wt/wt), or MA+SC+SA were inoculated (4 log CFU/ 
cm2) with a I 0-strain mixture of L monocytogenes and 
vacuum-packaged (one frankfurter/bag). Inoculated 
and vacuum-packaged control and MA+SC+SA 
frankfurters were also Immersed into boiling water 
(93 ± 2°C; 5 or 15 s). Samples were stored (7°C, 60 
days) and periodically analyzed for L monocytogenes 
(PALCAM agar) and total bacterial (tryptic soy agar 
plus 0.6% yeast extract) populations. 
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Results: Initial (day-0) pH values of all product 
formulations were similar (5.89 ± 0.1 I to 6.04 ± 0.05). 
The post-packaging heat treatments reduced initial 
pathogen populations by 1.2-1 .4 log CFU/cm2 (5 s) 
and 1.8-2.0 log CFU/cm2 ( 15 s). During storage, 
growth of L. monocytogenes was not different on 
control, MA and SC samples, and populations 
exceeded 7.0 log CFU/cm2 by day-19. In contrast, 
growth on SA and MA+SC+SA samples was inhibited, 
and levels were 1-2 log CFU/cm2 lower than the 
other formulation treatments on day- I 9. Compared 
to non-treated samples, post-packaging heat treat
ments extended the lag phase of L monocytogenes on 
control and MA+SC+SA samples, with better effects 
obtained for samples treated for 15 s. Inclusion of 
MA+SC+SA in the formulation, in combination with 
the initial reductions resulting from the heat treat
ment (5 or 15 s), allowed increases of the pathogen of 
< 1.0 log CFU/cm2 in 19 or 25 days. 

Significance: Findings of this study could be useful 
to US meat processors in their efforts to control 
post-processing contamination of frankfurters with 
L. monocytogenes. 

Acetate, Lactate Levels in Ready-to-Eat 
Processed Meat and Poultry Products 
Collected at Retail and Correlation with 
Occurrence of Listeria monocytogenes 

OMAIMAAHMED, Philipus Pangloli, Svetlana 
Zivanovic, and F. Ann Draughon, University 
ofTennessee, Dept. of Food Science and 
Technology, 2605 River Drive, Room # I 00, 
Knoxville,TN 37996-4539, USA 

Listeria monocytogenes (Lm) is considered 
a serious foodborne pathogen that has been isolated 
mostly from Ready-to-Eat (RTE) processed deli meat 

and poultry products. Contaminated food products 
are responsible for approximately 2000 cases of 
llsteriosis in the US each year.The purpose of this 
study was to quantify the levels of lactate, and acetate 

(organic acids) occurring in retail RTE processed deli 
meat and poultry products to determine the impact 
of current antimicrobial lethality treatments on 
occurrence of LM at retail. Pre-packaged and deli 
meat and poultry luncheon meats samples (2000 
samples) were randomly selected out of 8000 samples 
previously analyzed for LM and were collected from 
four FoodNet states (TN, GA, CA, and MN). Lactic 
acid and acetic acid were extracted and then analyzed 
on HPX 87H ion exclusion column (BioRad, Hercules, 
CA) using HPLC system with PDA detector (Dionex, 
Sunnyvale, CA). Mobile phase was 5 mM H2SO 4, flow 
rate 0.60 ml/min, injection volume IO I, and absor
bance was monitored at 210 nm. Levels of lactic acids 
in Tennessee samples (500 samples) ranged from 1.06 
to 35.4 mg/g. The largest number of samples (27.2%) 
had lactic acid levels from I 0-15 mg/g, followed by 
26% of the samples having 5-10 mg/g. Acetic acid 
ranged from 0.0 I to 17.2 mg/gm and was not found 
in about 8% of the samples. Positive LM samples ( 17 
samples) had lactic acid levels from 3.8 - 24 mg/g and 
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acetic acid levels ranging from 0.22-5.7 mg/g. Based on 
these data, there did not appear to be a relationship 
between residual levels of lactate or acetate in RTE 
meat and poultry and occurrence of Lm. 

P2-22 Use of Buffered Sodium Citrate and 
Sodium Diacetate to Control Listeria 
monocytogenes on Hams 

MARY SHEESLEY, Lalit Bohra, Padmanabha 
ReddyVelugoti, and Harshavardhan Thippareddi, 
University of Nebraska-Lincoln, Dept. of Food 
Science and Technology, 34 Food Industry 
Complex, East Campus, Lincoln, NE 68583, USA 

Control of Listeria monocytogenes on Ready-to
Eat meat products during refrigerated storage can 
minimize the risk of foodborne illness from this 
pathogen. Currently, sodium lactate In combination 
with sodium diacetate is widely used to control 
L monocytogenes growth. Identification of additional 
antimicrobials that minimize the undesirable quality 
effects will help the industry control the pathogen as 
well as preserve product quality. Effectiveness of 
buffered sodium citrate and sodium lactate In comb
ination with sodium diacetate (0.2%) at 0.8, 1.6 and 
2.4% concentrations to control L monocytogenes 
growth under refrigeration was evaluated. Hams were 
manufactured using a traditional formulation to 
include buffered sodium citrate or sodium lactate In 
combination with sodium dlacetate at 0.8, 1.6 and 
2.4%, along with two controls (no antimicrobial, with 
sodium diacetate, 0.2%). Ham surfaces were inocu
lated with a five-strain cocktail of L monocytogenes to 
attain ca. 1.5 CFU/cm2, vacuum packaged and stored 
(4'C or I 0'C), and sampled at one or 2 week 
intervals. L monocytogenes populations Increased by 
>2.0 log within 4 and 8 weeks at 4'C for control and 
product with sodium diacetate alone. Incorporation of 
buffered sodium citrate at 0.8% in addition to sodium 
diacetate extended the time required for 2 log 
increase to IO weeks. For all other concentrations of 
buffered sodium citrate and sodium lactate, less than 
2 log increases of L monocytogenes populations were 
observed throughout the 18-week storage period. 
At abusive temperate ( I 0'C), greater inhibition was 
observed by Increasing the concentrations of the 
antimicrobials. While sodium lactate in combination 
with sodium dlacetate Is currently being used in 
Ready-to-Eat meat products, buffered sodium citrate 
can also be used as an antimicrobial to control 
L. monocytogenes. 

P2-23 Fate of Listeria monocytogenes in a Pro
cessed Meat with Sodium Lactate and 
Diacetate and a Biopreservative 

DENISE CARLSON, Mike Stiles, David Smith, 
and Lynn McMullen, CanBiocin Inc., IO 15, 8308 
I 14th St., Edmonton, AB T6G 2E I, Canada 

To determine the Impact of the combination of 
sodium lactate, diacetate and a biopreservative on the 
fate of Listeria monocytogenes, three separate batches 
of a simulated Ready-to-Eat wiener were manufac
tured in a chubb formulation in a pilot plant.The 
inhibitory agents were added to the formulation prior 

to processing. The biopreservatlve Micocln® (Carno
bacterium ma/taromaticum CB I) was added at 0.0 I, 
0.05, 0.1, 0.5, I and 5% and the concentration of 
sodium lactate/diacetate mixture (chemical) was used 
as per Industry standards. After processing, the 
chubbs were surface inoculated to give approximately 
I x I 03 of a cocktail of L monocytogenes (including 
serotypes I /2a, 1 /2b, 3a and 4b) per gram of the sliced 
product.The Inoculated slices were vacuum-packaged, 
stored at 4'C and Listeria were enumerated on 
PALCAM agar during a I 0-week storage period. 
In the control samples without the chemical or the 
biopreservative, Listeria spp. increased to a population 
of I 09 CFU/g within 35 days. In contrast, In the 
presence of the chemical or biopreservative the 
Listeria grew slower than on the control but eventually 
reached I 08 CFU/g within 70 days of storage. In the 
product with both chemical and Micocin® (minimum 
of 0.5%), an initial decrease below the inoculum level 
was achieved and counts were maintained below the 
inoculum level throughout the I 0-week storage 
period.The combination of the Micocin® bio
preservative and chemical antimicrobials In the meat 
batter prior to processing could allow meat proces
sors to implementAlternative I of the USDA/FDA 
criterion for control of L monocytogenes in Ready-to
Eat meats. 

P2-24 Viability of Listeria monocytogenes on 
Commercially-prepared Roast Beef Log, 
Turkey Breast Log, and Frankfurters 
Surface Treated with Laurie Arginate and 
Stored at 4'C for 24 Hours 

John B. Luchansky,JEFFREY E. CALL,James L. 
Smith,Jean Smith, and Alan Oser, USDA-ARS
ERRC, 600 E. Mermaid Lane,Wyndmoor, PA 
19038, USA 

Introduction: Listeria monocytogenes is the causative 
agent of listeriosis, a serious disease that can cause 
death in susceptible populations.This disease is most 
commonly associated with Ready-to-Eat food pro
ducts which support the growth of the pathogen and 
are consumed without additional cooking.As such, the 
presence of L. monocytogenes in these food products is 
strictly regulated by federal agencies. 

Purpose: Evaluate the effectiveness of the Sprayed 
Lethality In Container (SLIC) system to deliver an 
antimicrobial for lowering the levels of L monocyto
genes on the surface of roast beef log, turkey breast 
log, and frankfurters. 

Methods: Each of the meat products were surface 
inoculated with a five-strain cocktail of L monocyto
genes (7.0 log CFU) and added to packages containing 
various volumes (0 to 6 ml) and concentrations (5 or 
I 0% in dHp) of lauric arginate (LAE; Ethyl-N-dode
canoyl-L-arginate hydrochloride). Each package was 
vacuum-sealed and stored at 4'C for 24 h. 

Results: Pathogen levels decreased by ca. 1.0 to 
2.0 log CFU/package In roast beef samples treated with 
4 or 6 ml of 5% or I 0% LAE. In turkey breast samples, 
using 4 or 6 ml, pathogen levels decreased by ca. 1.5 
to 3 log CFU/package with 5% LAE and ca. 4.5 log 
CFU/package with I 0% LAE. In frankfurters pathogen 
levels decreased by ca. 3.5 log CFU/package with 2 ml 
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of 5% or I 0% LAE and ca. 5 log CFU/package in frank
furter samples treated with 4 or 6 ml of either a 5% 
or a I 0% solution of LAE. 

Signif,cance:These results show that application 
of LAE via the SLIC method reduced L monocytogenes 
levels on the surfaces of roast beef, turkey breast and 
frankfurters within a 24 hour period at 4'C.The 
application of LAE as a post-process Intervention 
should assist manufacturers in achieving the USDA/ 
FSIS alternative 2 status. 

P2-25 Antimicrobial Effects of A&B Ingredients 
CytoGuard® on the Survival of Listeria 
monocytogenes Surface-inoculated onto 
Bar-S® Foods Co. Hot Dogs, Vacuum
packed and Stored at 4'C 

Elizabeth Martin,Yale Lary, Carl Griffis, 
KATHERINE VAUGHN, Carol Boger, and John 
Marcy, University of Arkansas, Dept. Bio/Ag 
Engineering, Engineering Hall, Room 203, 
Fayetteville, AR 7270 I, USA 

Listeria monocytogenes, with its ubiquitous nature 
and its pathogenic characteristics, presents a unique 
dilemma in post-processing, pre-packaging contamina
tion of Ready-to-Eat (RTE) food products, such as hot 
dogs. This study evaluated the ability of A&B Ingredi
ents, Inc. CytoGuard® LA (lauric arginate) to reduce 
and/or eliminate the presence of Listeria monocyto
genes on surface-inoculated Bar-S® hot dogs. A six
strain "cocktail" of L. monocytogenes ( I 04-5 CFU/ml) 
was used for surface inoculation onto commercially 
prepared hot dogs ( 16 oz package), processed without 
an antimicrobial agent.The packages were opened 
aseptically and the hot dogs were carefully slide into 
vacuum pouches (Prime Source®), being sure to 
transfer the purge as well as hot dogs. One ml 
aliquots of inocula were added to each pouch and 
massaged for 2 min. After inoculation, 3 ml of either 
5% Cyto-Guard® LA ( diluted by the addition of 
sterile dd water), or 0.1 % sterile peptone water was 
added to the pouches. Samples were immediately 
vacuum-sealed at -100 kPa with a Koch's Ultravac and 
stored at 40'F for 0, 12, 24 and 72 h.Time 0 was 
processed immediately after treatment. Serial 
dilutions were plated onto MOX agar and incubated 
at 37°C for 72 h to allow for recovery of damaged 
cells.These results indicated that CytoGuard®, at the 
test dilution, caused a 3.33, 2.14, 2.52 and 2.12 log 
reductions of L. moncytogenes at 0 h, 12 h, 24 h and 72 
h, respectively. These findings are important for RTE 
hot dog processors to further assure the safety of 
their products to consumers. 

P2-26 Effect of Combining Nisin and/or Lyso
zyme with In-package Pasteurization for 
Control of Listeria monocytogenes in 
Ready-to-Eat Turkey Bologna during 
Refrigerated Storage 

SUNIL MANGALASSARY, lnyee Han,James 

Rieck,James Acton, Xiuping Jiang, and Paul 
Dawson, Clemson University, Dept. of Food 
Science and Human Nutrition, Clemson, SC 
29631, USA 
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Post-processing contamination of Ready-to-Eat 
(RTE) meat and poultry products by Listeria mono
cytogenes is a major food safety issue. Because of the 
ability of L monocytogenes to grow and multiply at 
refrigeration temperatures, even a low level of initial 
contamination can result in a substantial number on 
the food product at the time of consumption. This 
study investigated the efficacy of in-package pasteur
ization combined with pre-surface application of nisin 
and/or lysozyme to reduce and prevent the subse
quent recovery and growth of L monocytogenes during 
refrigerated storage on the surface of low fat turkey 
bologna. Sterile bologna samples were treated with 
solutions of nisin (2 mg/ml = 5000 AU/ml), lysozyme 
(IO mg/ml = 80 AU/ml) and a mixture of nisin and 
lysozyme (2 mg of nisin + IO mg of lysozyme/ml). 
Bologna surfaces were uniformly inoculated with a 
L. monocytogenes suspension resulting in a population 
of 8 log CFU/slice. Samples were vacuum-packaged 
and subjected to in-package pasteurization at 65'C 
for 32 sand stored at 4'C for 12 weeks. In-package 
pasteurization resulted in an immediate 3.5-4.2 log 
CFU/cm2 reduction in L. monocytogenes for all 
treatments. L. monocytogenes population remained 
fairly constant on all non-pasteurized bologna 
treatments throughout 12 weeks of refrigerated 
storage. In-package pasteurization of control (no 
antimicrobial treatment) and lysozyme treatments 
resulted in a reduction of 2.4 log CFU/ cm2 by 12 
weeks and 1.9 log CFU/cm2 by 8 weeks, respectively. 
Nisin and nisin-lysozyme treatments in combination 
with in-package pasteurization were effective in 
reducing the bacterial population to below detectable 
levels by 2-3 weeks of storage. Results from this study 
could have a significant impact for the industry since 
the reduction in bacterial population was achieved by 
a relatively short pasteurization time and antimicrobi
als reduced the population further during refrigerated 
storage. 

P2-27 Efficacy of SANOVA RTE in Reducing 
Listeria monocytogenes Populations in 
Ready-to-Eat Products 

WILLIAM CENTRELLA II, Nahed Kotrola, 

Wendy Warren-Serna, and Jordan Woodbury, 
Food Safety Net Services Laboratory, 221 W. 
Rhapsody, San Antonio, TX 78216, USA 

Introduction: Listeria monocytogenes is an organism 
of great concern to the Ready-to-Eat (RTE) meat 
industry due to its propensity to persist in typical 
plant environments. Possible post-cooking contam
ination of these products prior to packaging and 
distribution can expose consumers to serious illness 
or even death. Ecolab has developed the SANOVA 
RTE treatment as a post-lethality intervention on both 
whole and sliced products to reduce and/or eliminate 
this pathogen on RTE products. 

Purpose:The purpose of this study was to investi
gate the ability of SANOVA RTE to reduce or elimi
nate Listeria monocytogenes inoculated onto the 
surface of whole RTE products. 

Methods:A multi-strain cocktail of Listeria mono
cytogenes was surface inoculated onto several different 
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types of RTE products (cured turkey deli log, uncured 
turkey deli log, cured pork ham, uncured pork ham, 
cured bologna, uncured turkey bacon, uncured roast 
beef, and uncured beef pastrami). After allowing time 
for bacterial attachment, products were treated with 
SANOVA Food Quality system. After 2 h of refriger
ated storage, sliced samples were rinsed with UVM 
broth and the rinsate was plated onto MOX plates. 
Listeria monocytogenes amounts remaining on treated 
samples were compared to matching control samples 
to determine the reduction produced by SANOVA 
RTE. 

Results: On average, for all products examined, 
Listeria monocytogenes was reduced by 2.49 log CFU/ 
ml of rlnsate. The largest reduction (2.81 log) was 
observed in bologna, while the least reduction (2.26 
log) was observed in cured turkey. 

Significance: This data Indicates that treatment 
with SANOVA RTE reduces Listeria monocytogenes 
present on the surface of several types of RTE 
products by greater than 99.0%. This Intervention 
therefore represents an effective addition to the post
lethality interventions in use by an RTE processing 
facility. 

P2-28 Inhibition of Listeria monocytogenes by 
Meat-borne Spoilage Lactic Acid Bacteria 
and Bacillus Species 
WILLETTE M. CRAWFORD and Maribeth A. 
Cousin, Purdue University, 745 Agriculture Mall 
Drive, Room 3195,West Lafayette, IN 47907, 
USA 

Introduction: Listeria monocytogenes Is a pathogen 
that is of concern for Ready-to-Eat (RTE) meats 
because it can tolerate high concentrations of salt and 
sodium nitrite and grows at refrigerated temperatures. 
Recently, sodium dlacetate and sodium lactate have 
been added to RTE meats to inhibit L monocytogenes; 
however, they can produce flavor defects. Use of 
protective cultures and bacteriocins to inhibit the 
growth of L monocytogenes may be an alternative. 

Purpose: The purpose of this study was to 
examine the effect of spoilage microflora, Bacillus spp. 
and lactic acid bacteria (LAB) on the growth of 
L. monocytogenes at low inoculum levels. 

Methods:Twenty-eight strains each of LAB and 
Bacillus spp., isolated from Ready-to-Eat deli ham, 
were screened by agar spot assays for their inhibition 
toward growth of L monocytogenes. LAB and Bacillus 
strains that showed the greatest Inhibition toward 
L. monocytogenes were tested for their action against 
eleven additional strains at various concentration 
levels and their sensitivity to proteinase K treatment. 
LAB isolates were tested under conditions preventing 
the production of lactic acid to determine the 
mechanism of inhibition. 

Results: Two LAB strains showed the same level 
of Inhibition against L monocytogenes whether at I 02 -

103 or 106 -107 CFU/ml and one LAB showed lower 
activity If no lactic acid was produced; however, Bacillus 
spp. were not as effective at lower inoculum levels as 
were the LAB. Three LAB strains inhibited all eleven 
L. monocytogenes indicator strains; whereas only one 
Bacillus isolate did and another Bacillus isolate inhibited 
seven of the eleven L. monocytogenes Indicator strains. 
One LAB isolate and one Bacillus isolate showed 

sensitivity to proteinase K treatment, Indicating 
possible bacteriocin production with the Bacillus 
cell free suspension also producing inhibition. 

Significance: Based on these results, a preser
vative that controls the growth of L monocytogenes 
could be developed. 

P2-29 Thermal Inactivation of High Pathogenic
ity Avian Influenza Viruses in Chicken 
Meat 
COLLEEN THOMAS and David E. Swayne, 
USDA-ARS-SM-SPRL, 934 College Station 
Road, Athens, GA 30605, USA 

High pathogenicity avian Influenza (HPAI) viruses 
cause severe disease with high mortality in chickens 
and related gallinaceous poultry. Some HPAI viruses 
cause systemic infections and replicate to high titers 
in skeletal muscle fibers.To prevent transmission of 
these viruses though contaminated meat, the World 
Organization for Animal Health (OIE) recommends 
trading poultry products from countries, zones, or 
compartments infected with avian influenza subtypes 
HS or H7 only when the products are effectively 
processed to destroy these pathogens.To determine 
thermal inactivation parameters for HPAI In chicken 
meat, thermal inactivation of the HPAI strains A/ 
chlcken/Korea/ES/2003 (HSN I) and A/chicken/PA/ 
1370/83 (HSN2) was quantitatively measured in meat 
harvested from Infected chickens. Small (0.5 g) pieces 
of meat were placed in thin-walled PCR tubes and 
heated in a thermocycler block.After heat treatment, 
the meat samples were ground with small pestles to 
release virus from the tissue, and the supernatants 
were tested for virus inactivation by titration in 
embryonating chicken eggs.The times required for a 
90% reduction in virus titer (D-values) were calcu
lated for each HPAI strain at temperatures ranging 
from 57°C to 61 ·c in I ·c intervals, and line equations 
describing the thermal inactivation of each HPAI strain 
were generated from graphs of D-value (log scale) 
versus temperature. Similar D-values were predicted 
by the line equations for each HPAI strain at each 
temperature tested. However, the temperature 
Increase needed to reduce the D-value by 90% 
(z-value) for the HSN2 strain (4.1 'C) was 0.5°C lower 
than that for the HSN I strain, indicating that a slightly 
higher sensitivity to increasing temperature was 
observed with the HSN2 samples. Each line equation 
predicts that cooking chicken meat according to 
current USDA-FSIS time-temperature guidelines for 
a 7-log reduction of Salmonella will inactivate HPAI 
in a heavily contaminated meat sample with a large 
margin of safety. 

P2-30 Antimicrobial Effects of Mastertaste 
Zesti-smoke (Two-stage Application) on 
the Survival of Listeria monocytogenes, 
Surface-inoculated onto Bar-S Hot Dogs, 
Vacuum-packed and Stored at 4°C 
ELIZABETH MARTIN.Yale Lary, Carl Griffis, 
Bob Riley, Darren Toczko, Katherine Vaughn, 
Courtney Botkin, Rick Grat, Mark van der Bleek, 
and John Marcy, University of Arkansas, Bio/Ag 
Engineering, Engineering Hall, Room 203, 
Fayetteville, AR 7270 I, USA 

Journal of Food Protection Supplement A - I so 
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Post processing, pre-packaging contamination of 
hot dogs presents a complex problem to Ready-to-Eat 
(RTE) food processors.This study evaluated the ability 
of three Mastertaste products to reduce and/or 
eliminate the growth of Usteria monocytogenes on 
surface-Inoculated Bar-S® hot dogs, A six-strain 
"cocktail" of L monocytogenes ( I 03•4 CFU/ml) was used 
as inoculum. Commercially prepared 16-oz packaged 
hot dogs, processed without antimicrobial agent, were 
placed in vacuum pouches (Prime Source®). One ml 
aliquots of inoculum were added to each sample and 
massaged for 2 min. The contents of each pouch were 
placed onto a polystyrene weigh-dish, previously 
sprayed with 1.5 ml Mastertaste Zesti-Smoke 
products (90% AM3, NaturSaf 99.3, NaturSaf 99.4), or 
sterile dd water (control). Another 1.5 ml of the 
product (or water) was sprayed on top of the samples 
using anAutoJet®Technologles, Model 2250 Spray 
Controller with a Pulsajet® nozzle. Samples were 
vacuum-sealed and stored at 40'F for 12, 18, 24, 36, 
and 48 h.Time 0 was processed Immediately after 
spray treatment. Serial dilutions were plated onto 
MOX agar and Incubated at 37°C for 72 h. At 12 h 
of storage, 90% AM3 caused a 1.06 log reduction 
of L. monocytogenes, while NaturSaf 99.3 caused 
a 1.04 log reduction at 18 hand NaturSaf 99.4 caused 
a 1.03 log reduction at 24 h.These results are 
important for RTE hot dog processors to further 
assure the safety of their products to consumers. 

Ceftiofur Crystalline-free Acid Adminis
tration Reduces Susceptibility of 
Generic Escherichia coli in Cattle 

ALEJANDRO ECHEVERRY, Courtney Lowrance, 

Guy H. Loneragan, Mindy M. Brashears, M. S. 
Brown, David J. Kunze, Tammy M. Platt, Sam Ives, 

H. Morgan Scott, and Bo Norby,Texas Tech 
University, Dept. of Animal and Food Sciences, 
Box 42141, Lubbock, TX 79409, USA 

The objective of the study was to determine the 
extent and duration of effects of ceftiofur crystalline 
free acid (CCFA) administered on antimicrobial drug 
susceptibility of generic E.coli in feedlot cattle. A 
cohort study was conducted using 61 feedlot cattle 
housed in 6 I 0-head pens ( I pen contained I I). 
Five head in each pen were exposed and 5 served 
as controls ( I pen contained 6 controls), Ceftiofur 
crystalline free acid exposures included 6,6 mg/kg BW 
ceftiofur once on day 0 (single-dose regimen), 6.6mg/ 
kg on days 0, 6, and 13 (3-dose regimen), and 4.4 mg/ 
kg once on d0 (2/3-dose regimen). Fecal samples 
were collected on days 0, 2, 6, 9, 13, 16, 20, and 28. 
Minimum Inhibitory concentrations of a panel of 
antimicrobial drugs were determined using broth 
micro-dilution for 3 well-defined colonies per sample. 
Additionally, direct-plating on MacConkey's agar was 
used to enumerate E. coli In each sample. Of the 1,441 
isolates recovered 68.1 % were resistant to I or more 
antimicrobial drugs. Exposure to CCFA, regardless of 
regimen, was associated with a transient Increased In 
likelihood of recovery and expansion of the popula
tion of ceftiofur (Cef)-resistant isolates (P < 0.1 for all 

IS I - Journal of Food Protection Supplement A 

models). Populations of E.coli, regardless of exposure 
regimen, returned to baseline approximately 2 weeks 
post CCFA administration.Almost perfect agreement 
between resistance to Cef and co-resistance to ampi
cillln (A), chloramphenicol (C), streptomycin (S), 
sulflsoxazole (Su), and tetracycline (T) was observed 
(Kappa= 0.97). Twenty percent of all isolates dis
played the ACSSuT +Cef phenotype and also exhibited 
reduced susceptibility to ceftriaxone (a: 2 µg/ml). 
Variation in E. coli populations of commingled controls 
was not detected. Ceftiofur crystalline free acid 
provided a transient selection pressure favoring 
expansion of resistant variants. However, resistance 
appears to exert a fitness cost and pre-exposure 
'levels' of resistance were reestablished soon after 
the selection pressure was removed. 

P2-32 Combined Effect of Formulation and 
High-pressure Pasteurization on the 
Control of Listeria monocytogenes on Ham 

KATHLEEN GLASS, Lindsey McDonnell, Kristine 
Zierke, Rob Rassel, Lucas Schuette,Wafa Birbari, 
Paul Bernthal, Paul Zubinski, and Tracie Sheehan, 
University of Wisconsin-Madison, Food Research 
Institute, 1925 Willow Drive, Madison, WI 
53706, USA 

Multiple hurdles of formulation and high-pressure 
pasteurization (HPP) treatments were evaluated on 
the inactivation and growth suppression of Listeria 
monocytogenes (Lm) on ham stored under mild 
temperature abuse conditions (7°C). Trial I ham 
contained 69% moisture and 1.5% NaCl, whereas Trial 
2 contained 73% moisture and 2.1 % NaCl; within each 
trial, ham was formulated with either 2.9 or 3.2% 
commercial lactate-diacetate blend (LD). Ham slices 
were surface inoculated with 5 log CFU Lm (5-strain 
mixture) per I 00 g package, packaged under modified 
atmosphere, HPP treated at 580 M Pa, 21 'C, for 
3 or 4 min, and then stored at 7°C for up to 24 
weeks; triplicate samples per trial were assayed at 
each sampling interval. HPP treatments inactivated 
> 3 and I. I log Lm on ham for Trials I and 2, respec
tively. Within a given trial, there was no significant 
difference (P < 0.05) In initial inactivation between 
the two lactate-diacetate levels or the minutes of 
treatment. Ham formulated with 2.9% LD and treated 
3 or 4 minutes with HPP prevented recovery and 
growth for IO weeks at 7°C, but populations of Lm 
increased by > I log at 12 weeks. Ham formulated 
with 3.2% LD and treated 3 min with HPP suppressed 
growth for 12 weeks, but supported > I log growth 
at 14 weeks. In contrast, populations of Lm reduced 
to < I log CFU per package at 8 weeks for both trials 
of the 3.2% LD-4 min HPP treatment; populations 
remained at < I log CFU per package for the duration 
of the 7°C storage, regardless of initial log reduction 
affected by the HPP treatment. This study demon
strates that combining the multiple barriers of 3.2% 
lactate-diacetate and 4 min HPP will enhance the 
safety of Ready-to-Eat meats when exposed to mild 
temperature abuse by inhibiting the recovery of 
Injured cells. 
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Ultraviolet Light Dose Required to 
Inactivate Listeria monocytogenes 
in Water and Brine 

JULIE MCKINNEY, Robert Williams, Greg 
Boardman, Joseph Eifert, and Susan Sumner, 
Virginia Tech, Food Science and Technology, 
Blacksburg,VA 24061, USA 

Ultraviolet light (UV) may be an effective tool 
for control of Listeria manocytogenes In brines used to 
cool Ready-to-Eat (RTE) meat products.The purpose 
of this research was to establish the minimum dose 
of UV (peak: 253,7nm) required to inactivate L mono
cytogenes in water and a 9% NaCl solution using 
urldine as a chemical actinometer. L manocytogenes 
strains N 1-227 (hot dog batter), N3-03 I (turkey 
franks), and R2-499 (RTE meat) were mixed in equal 
proportions and suspended in water and 9% NaCl 
solution, each containing I 0-4 M uridine. Fourteen ml 
of suspension was placed into a sterile quartz cell, and 
irradiated for I, 5, I 0, I 5, 20, 25, 30, 45, 60, 75, 90, I 05, 
or 120 min using an Oriel photoreactor (model 
6690 I) fitted with a filter to allow only UV light in 
the 253.7 +/- IO nm range to pass to the sample. The 
sample was held at 8'C (+/-2'C) and continuously 
stirred during UV exposure. Inactivation was evalu
ated by serially diluting samples in 0.1 % peptone, 
surface plating onto Modified Oxford Agar (MOX) and 
Trypticase Soy Agar with Yeast Extract (TSAYE), and 
by enrichment in Brain Heart Infusion Broth (BHI), 
followed by incubation at 35'C for 24 h.The absor
bance of each sample was measured before and after 
irradiation, using a Shimadzu spectrophotometer 
(model UV-210 I PC). L monocytogenes irradiated in 
water decreased to below the detection limit ( I log 
CFU/ml) at UV doses greater than 23 mJ/cm2, but 
was detected via enrichment after exposure of up 
to 95 mJ/cm2, L monocytogenes irradiated In 9% salt 
decreased to below the detection limit after exposure 
to UV in the 28 and 54 mJ/cm2 range, but was 
detected via enrichment after exposure to UV at 
doses greater than 54 mJ/cm2• Knowledge of UV dose 
required to control L monocytogenes In brines used 
during RTE meat processing will aid manufacturers In 
establishing appropriate food safety Interventions for 
these products. 

Control of Foodborne Pathogens in 
Ground Beef Using Controlled Phase 
Carbon Dioxide 

CARLOS TAN US, Curtis Kastner, Daniel Fung, 
and Beth Ann Crozier-Dodson, Kansas State 
University, 629Yuma St., Manhattan, KS 66502, 
USA 

Decontamination of beef trimmings is a challeng
ing task in the beef Industry because ground beef Is 
considered a single ingredient. Controlled phase 
carbon dioxide (cpCO

2
} may effectively control 

spoilage and pathogenic microorganisms on trimmings 
with no detrimental effects in finished ground beef. 
The effectiveness of cpCO2 applied on beef trimmings 
as antimicrobial intervention for ground beef and its 
effects on organoleptic characteristics of raw and 
cooked ground beef under different packaging 
atmospheres was evaluated, Beef trimmings challenged 

P2-35 

with generic E.coli (GEC), Escherichia coli O 157:H7 
(EC), and Salmonella spp. (SS) exposed to I 500 and 
750 psi cpCO2 at 36 'C for 5 and 15 min. Bacterial 
reductions on beef trimmings and ground beef were 
analyzed using the Thin Agar Layer method with 
MacConkey Sorbitol Agar for GEC and EC, and 
Xylose Desoxycholate Agar for SS. Patties obtained 
from non-challenged treated beef trimmings were 
packaged on Styrofoam trays with PVC overwrap, a 
subgroup was additionally flushed with I 00% CO

2
• 

Instrumental color (L *, a*, b*) on raw and cooked 
patties, proximate analysis on raw patties, and sensory 
analysis in cooked patties, were conducted after 
I, 3 and 5 days of simulated retail display. Highest 
(P < 0.05) lethality was achieved with 1500 psi cpCO2 
for 15 min (0.93, 1.00, and 1.06 log reductions for 
GEC, 0 I 57:H7, and SS, respectively). cpCO

2 
applica

tion on beef trimmings showed similar (P 2: 0.05) 
scores for L *, a*, and b*, and proximate values In raw 
patties. Ground beef patties manufactured from 
treated beef trimmings scored higher (P < 0.05) values 
for tenderness; similar (P 2: 0.05) values for juiciness, 
beef flavor intensity, or off flavor intensity were 
recorded.The use of cPCO2 on beef trimmings before 
grinding can be effective for reducing spoilage and 
pathogenic microorganisms in beef trimmings with 
minimal effects on organoleptic characteristics of 
ground beef. 

Improved Shelf Life and Microbial Safety 
of Hams by the Application of Vaporous 
Biocides 

TOM ROSS, Craig Miller, Roger Latham, Cathy 
Fryirs, Alister Morison, and David Lark, Univer
sity ofTasmania,Australian Food Safety Centre 
of Excellence, Private Bag 54,Tasmania, Hobart, 
Australia 

Introduction: "Vaporex" is a novel, patented tech
nology for surface disinfection of foods. The tech
nique involves application of vaporized blocides such 
as acetic acid at levels that are not sensorlally 
detectable in finished product. 

Purpose: to assess the antibacterial efficacy of the 
Vaporex process on MAP processed meats. 

Methods: Challenge trials were conducted on 
commercially produced, modified atmosphere-packed 
ham using acetic acid as the biocide.The trials 
assessed: 

• immediate inactivation byVaporex treatment 
of lactic acid bacteria and L monocytogenes inoculated 
onto the ham 

• variability in susceptibility of various species 
of lactic acid bacteria and strains of L monocytogenes 
Including acid-tolerant strains; and 

• long term effect of Vaporex treatment on 
product shelf life and safety as dictated by the 
microbial ecology of lactic acid bacteria and L mono
cytogenes in modified-atmosphere packed ham. 
Storage trials were conducted at 4'C and I 0'C. 

Results: The results demonstrated that the 
Vaporex system can reliably reduce loads of lactic 
acid bacteria and L monocytogenes on processed meat 
products, typically by at least two orders of magni
tude, Shelf-life extension was demonstrated, with a 
delay In growth of total viable count at 4'C of 25-30 
days, and 8-10 days at I 0'C storage, compared to 
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untreated controls. In addition to initial reductions in 
L monocytogenes due to Vaporex treatment, growth of 
L monocytogenes was prevented for at least 46 days at 
4'C and at least 29 days at I 0'C. 

Significance: The Vaporex process is another 
potential technology available to improve shelf life and 
safety of processed meats. 

P2-36 Control of Clostridium perfringens Spores 
by Green Tea Leaf Extracts during Cool
ing of Cooked Ground Beef, Chicken and 
Pork 

VIJAY K.JUNEJA and Mendel Friedman, USDA
ARS-ERRC, 600 E. Mermaid Lane,Wyndmoor, 
PA 19038, USA 

Introduction: Clostridium per(ringens poses a signifi
cant risk to the safety of minimally processed meat 
and poultry products. Green tea is one of the most 
popular beverages consumed worldwide. 

Purpose: The purpose of this study was to 
investigate the inhibition of C/ostridlum perfringens by 
two green tea extracts with low (GTL; 141 mg total 
catechins/g of green tea extract) and high (GTE; 697 
mg total catechins/g of extract) catechin levels during 
abusive chilling of cooked ground beef, chicken, or 
pork. 

Methods: Green tea extracts were mixed into 
ground beef, chicken or pork at concentrations of 0.5, 
1.0 or 2.0% (w/w) along with three-strain spore 
cocktail to obtain a final concentration of about 3 log 
spores/g. Meat samples (5 g) were then vacuum
packaged and cooked to 71 ·c in I h in a water bath. 
Thereafter, meat samples were chilled from 54.5 to 
7.2°C in 12, 15, 18 or 21 h and enumerated for 
C. per(ringens population by spiral-plating on tryptose
sulflte-cycloserine agar. 

Results: Meat cooled from 54.4°C to 7.2°C In 
12, 15, 18 or 21 h resulted In significant increases 
(P < 0.05) in germination and outgrowth of 
C. per(ringens populations in the ground beef, chicken 
or pork control samples without GTL or GTE. 
Supplementation with 0.5 to 2% levels of GTL did not 
Inhibit C. perfringens growth from spores. In contrast, 
addition of 0.5 to 2% levels of GTE to meat resulted 
in concentration- and time-dependent inhibition 
of C. perfringens growth from spores. At 2% GTE, 
significant (P < 0.05) inhibition of growth occurred at 
all chill rates for cooked ground beef, chicken or pork. 

Significance: These results suggest that widely 
consumed catechins from green tea can reduce the 
potential risk of C. perfringens spore germination and 
outgrowth during abusive cooling from 54.4'C to 
7.2°C in 12, 15, 18, or 21 h of meat. 

P2-37 Combined Efficacy of Lactic Acid, Laurie 
Arginate and High Hydrostatic Pressure 
for Inactivating Listeria monocytogenes in 
Vacuum-packaged Cooked Ham 

AUBREY MENDONCA, Stephanie Jung, and 
Joseph Sebranek, Iowa State University, 2312 
Food Science Bldg., Ames, IA 500 I I, USA 

A study was conducted to evaluate the effective
ness of lactic acid (LA), laurlc arginate (LAE), or high 
hydrostatic pressure (HHP) alone or combined for 
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inactivating Listeria monocytogenes in cooked ham. 
Samples of ham ( each 1.0 in x 1.5 in x 0.25 in) were 
inoculated with a 5-straln mixture of L monocytogenes 
to give~ 7.0 log CFU/sample. Inoculated samples 
were inserted in oxygen barrier bags and 0.25-ml of 
LA (3% v/v), LAE (5% v/v), or 3% LA + 5% LAE was 
added to each sample. Ham that received 0.25 ml of 
distilled water served as control. Samples were 
vacuum-sealed, pressurized (0, 400, 500, or 600 MPa) 
at 23'C for 3,0 min, and L monocytogenes survivors 
were evaluated within 2 h. Samples were pummeled in 
buffered peptone water (BPW) and serial dilutions 
( I 0-fold) of the wash water were plated on modified 
oxford medium (MOX) agar. Inoculated agar plates 
were incubated (35 OC) and bacterial colonies were 
counted at 48 h. In non-pressurized ham, LAE and LA 
+ LAE decreased initial viable numbers of L mono
cytogenes by 1.75 and 1.66 log, respectively. HHP (440 
to 600 MPa) decreased viability of the pathogen in all 
ham samples (P < 0.05). Initial numbers in control 
decreased by 4.11, 4.71,and 5.02 log, following 
pressurization at 400,500, and 600 MPa, respectively. 
No differences in viable counts were observed among 
control, LA- and LA + LAE-treated sample pressurized 
at 400 or 500 MPa (P > 0.05). Only LAE-treated ham 
exhibited the highest log reduction [5.24 log (400 
MPa) and 5.71 log (500 MPa)] with numbers of 
survivors below the detection limit (25 CFU/sample) 
in 600 MPa-treated ham P < 0.05). Based on these 
results the surface treatment of cooked ham with LAE 
has good potential for enhancing the inactivation of 
L monocytogenes by HHP in this popular Ready-to-Eat 
product. 

P2-38 Viability of Salmonella, Escherichia coli 
0 I 57:H7, Listeria monocytogenes, and 
Staphylococcus aureus in Jamaican Jerk 
Seasoning Paste at 25'C 

AUBREY MENDONCA, ChidoViaji,Stephanie 
Volk, Uford Madden, and Michelle Copeland, 
Iowa State University, 2312 Food Science Bldg., 
Ames, IA 500 I I, USA 

Commercial sterilization is not a practical 
alternative for ensuring the microbial safety of 
Jamaican jerk seasoning paste due to negative sensory 
changes. Safety of this oist seasoning depends on its 
pH, water activity, and antimicrobial activity of added 
herbs and spices.The purpose of this study was to 
evaluate the inactivation of four food borne pathogens 
in a commercial brand of Jamaican jerk seasoning 
paste. Samples of seasoning in I 0-oz glass jars were 
inoculated with a 5-serotype mixture of Salmonella 
enterica, or a 5-strain mixture of Escherichia coli 
0 I 57:H7, Listeria monocytogenes or Staphylococcus 
aureus to give ~ 6.82 to 7.20 log CFU/ gram. The jars 
of seasoning were capped and held at 25°C for 28 
days. At set time intervals, samples were analyzed for 
survivors by plating diluted samples on appropriate 
selective agar media. Inoculated agar plates were 
incubated at 35°C and bacterial colonies were 
counted at 48 h. Also, pH and water activity (aw) of 
non-inoculated seasoning were measured.Viability of 
all four pathogens declined rapidly.At 2.0 h viable 
numbers of S. enterica, E. coll O I 57:H7, L monocyto
genes and S. aureus declined by 5.20, 3.48, 5.80, and 
4.24 log, respectively (P < 0.05),At 4.0 h log reduc-
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tions ranged from 4.28 (S. aureus) to 7.0 (S. enterica). S. 
aureus was most the most resistant pathogen with 
viable numbers decreasing by 5.60 log at 72 h 
whereas, the other three pathogens were beyond 
detection (< 25 CFU/g). None of the four pathogens 
was detected at 96 h or at subsequent sampling times. 
Values for pH and aw ranged from 3.14 to 3.20 and 
0.817 to 0.823, respectively. Based on these results, 
the commercial brand of jerk seasoning paste tested 
in this study Is not a potentially hazardous food as 
defined by the US Food and Drug Administration 
Food Code. 

Recovery of Listeria monocytogenes from 
Various Aqueous Chilling Solutions 
(Brine) 
MARK PRATT, Lorenza Rozier Jr., Mary 
Niemann,John Jarosh, Leslie Manis,James 
Collins.John Rivera, KayWilliams, Brad Webb, 
Kristi Barlow, and Peter Evans, USDA-FSIS
OPHS, Midwestern Laboratory, 4300 
Goodfellow Blvd., Bldg. I 05 D, St. Louis, MO 
63120, USA 

Introduction: Brine chilling solutions are used to 
cool meat products during processing. If a brine 
chilling solution becomes contaminated with Listeria 
monocytogenes It may result in the transfer of the 
pathogen to cooked product. 

Variables include salt concentration, pH and 
chlorine levels. 

Purpose: USDA-FSIS-OPHS is interested in 
developing test methods to detect L monocytogenes 
in brine. 

Methods: Preliminary work resulted In a filtering 
protocol used in combination with chlorine neutral
ization. Each 500 ml sample was filtered with a glass 
fiber filter and a 0.45 µ filter to capture L mono
cytogenes prior to enrichment. Dey Engley Neutraliz
ing Broth was added to samples to neutralize residual 
chlorine.The filter method was used to test recovery 
of L. monocytogenes from eight brine formulations 
ranging from 5 to 20% brine, 0 to 5 ppm chlorine and 
pH 3 to 7. L monocytogenes was recovered and 
cultured using the method described in USDA-FSIS
Mlcrobiology Laboratory Guidebook, chapter 8. These 
data were used to decide high and low inoculum levels 
used in a multi-laboratory study to measure recovery 
from inoculated and un-inoculated brine samples. 
Studies were repeated with the addition of the 
competitors, Micrococcus luteus and Staphylococcus 
aureus. 

Results:The filtering method along with D/E 
Neutralizing Broth worked well in conjunction with 
the standard FSIS protocol for L monocytogenes 
detection. Limit of detection for L monocytogenes 
varied by brine formulation. Mild brine formulated at 
pH 7.5% brine and O ppm NaOCI resulted in a limit of 
detection of 6.9 x I 0-3 CFU/ml while a more harsh 
brine at pH 3, 20% brine and O ppm NaOCI resulted 
in a limit of detection of 7.65 x I 02 CFU/ml. At pH 7, 
5% brine, and 5 ppm NaOCI, the limit of detection 
was less than 1.0 x I 0-2 CFU/ml in a 500 ml sample. 
The addition of competitors appeared to have no 
effect on the limits of detection. 
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Identification of Microbiological 
Hazards in the Environment and 
Processes of Traditional Fermented 
Sausages 

A. S. Gounadaki, P. N. Skandamis, E. Drosinos, 
and GEORGE-JOHN E. NYCHAS,Agrlcultural 
University Athens, Lab of Microbiology & 
Biotechnology of Foods, 75,Athens, Attiki, 
Greece 

lntroduction:The production of fermented 
sausages often relies on natural contamination 
originating from raw materials and processing house
flora or otherwise stated "resident microflora". 
Therefore, the hygienic status of the processing 
environment and equipment has an essential role on 
the microbial stability and safety of these products. 

Purpose: The purpose of this study was to 
investigate the microbial status of small-scale plants 
producing traditional and/or delicatessen meat 
products in order to assess the hygienic quality and 
safety of traditional fermented sausages from the 
producers to consumers. 

Methods: Surface samples were collected from 
the environment (cold rooms), equipment (tables, 
stuffing and mincing machines) and utensils (knives) 
of nine (9) small-scale meat processing workshops. 
Product samples were taken at different phases (just 
after stuffing: batter, after fermentation: medium, and 
final products) of the processing. Microbiological 
testing was carried out on the swabbed surfaces and 
product samples. Bacterial numbers were converted 
to log CFU/cm2 or log CFU/g and were compared by 
ANOVA. 

Results: Significant variation of microbial counts 
was evident between different plants as well as 
between different surfaces (P < 0.05). Listeria mono
cytogenes, Salmonella spp. and Staphylococus aureus 
were detected in the 18.2%, 31.8% and 9% of the 
environmental samples respectively. Elevated numbers 
(> 4-log CFU/cm2) of Staphy/ococcus/Kocuria, lactic 
acid bacteria, Enterobacteriaceae, Pseudomonas, yeasts/ 
molds and enterococci were detected in all the 
environmental samples. Product samples were heavily 
contaminated with the house-flora present on the 
surfaces and the equipment of processing plants.The 
42.9% of final products were found to be contami
nated with L monocytogenes. 

Significance: Our findings confirm that inadequate 
hygiene practices within food-processing plants may 
result in loss of microbial control; therefore, this study 
addresses the need for strict control measures within 
small-scale facilities producing traditional sausages. 

Survival of Clostridium perfringens, Entero
bacterlaceae, Coliforms and Escherichia 
coll in Tajik Sambusa 
SHAKHLO N.YARBAEVA, Padmanabha R. 
Velugoti, Harshavardhan Thippareddi, and Julie 
A.Albrecht, University of Nebraska-Lincoln, 
I I 5AA RLH, Lincoln, NE 68583-0806, USA 

Introduction: Sambusa is an ethnic food of 
Tajikistan made from ground beef, onions and spices, 
and baked in triangular shaped dough.Traditionally, 
sambusas are cooled at room temperatures and 
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stored without refrigeration after baking. This 
practice may be hazardous as spore forming patho
gens can survive the baking process and grow to 
hazardous levels during cooling. 

Purpose:The purpose of this study was to 
evaluate the survival of Clostridium per(ringens spores, 
aerobic plate counts (APC), Enterobacteriaceae, 
Coliforms and Escherichia coli in sambusa during 
baking and germination and outgrowth of C, per(rin
gens spores during cooling at room or refrigerated 
temperatures. 

Methods: Fresh ground beef was Inoculated with 
a three-strain cocktail of C. perfringens spores at ca. 
3,5 log CFU/g. Sambusas were prepared with 40 g of 
either inoculated or non-inoculated ground beef 
mixture, baked for 45 min at I 80°C to an internal 
temperature of 98°C. C. perfringens (vegetative cells 
and spores) populations were enumerated in ino
culated products where as APC, Enterobacteriaceae, 
Coliforms and E.coli were enumerated in non-ino
culated products before and after baking and after 
cooling at ambient or refrigeration temperatures. 

Results: C. perfringens spores were able to germ
inate and grow by 3.18 log CFU/g during cooling at 
room temperature (2 I .4°C), whereas the populations 
decreased by 1.8 log CFU/g during refrigerated stor
age (5.2°C). APC, Enterobacteriaceae and Collforms 
populations were reduced by 4.3, I. 96 and 2.55 log 
CFU/g after baking, respectively. E. coli was below 
detectable levels (0.04 log CFU/g) after baking. 
Enterobacterlaceae, Coliforms and E. coli were below 
detectable levels (0.04 log CFU/g) in the sambusas 
regardless of cooling at room or refrigeration 
temperatures. 

Signif]cance: It is important to cool sambusa 
under refrigeration after baking to minimize the risk 
of foodborne illnesses.These results will assistTajik 
small food manufacturing businesses and consumers 
in understanding proper cooling requirements for 
sambusa. 

Fate of Listeria monocytogenes on Vacuum
packaged Pepperoni Stored at 4, I 2, or 
2s·c 
OLEKSANDRA. BYELASHOV, Brandon A 
Carlson, Gianna Duran, lfigenla Geornaras, 
Patricia A Kendall,John A Scanga, and John 
N. Sofos, Colorado State University, Dept. of 
Animal Science, I 171 Campus Delivery, Fort 

Collins, CO 80523, USA 

Introduction: Listeria monocytogenes should be 
destroyed during processing of pepperoni, but it may 
be reintroduced during slicing or packaging of the 
product. 

Purpose: In this study we evaluated the fate of 
L monocytogenes on the surface of inoculated product 
during storage and potential differences in survival of 
three types of inocula cultured under different 
environmental conditions. 

Methods:The inocula were composed of I 0 
strains of L monocytogenes which were cultured 
separately in tryptic soy broth supplemented with 
0.6% yeast extract (TSBYE), with or without I% 
glucose (acid-adapted and non-habituated inoculum, 
respectively), or grown in TSBYE (30°C, 24 h} and 
then habituated in pepperoni extract ( I 0% w/w in 
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distilled water) at 7°C for 72 h (extract-habituated 
inoculum). Commercially available pepperoni (two 
replicates, three samples per treatment) was sliced, 
and inoculated to a level of contamination of 3-4 log 
CFU/cm2, before it was vacuum-packaged and stored 
for up to 180 days at 4, 12, or 25°C. The samples were 
analyzed periodically for surviving L monocytogenes 
populations (PALCAM agar) and total bacterial counts 
(tryptic soy agar with 0.6% yeast extract). 

Results: Overall, the levels of the pathogen and 
total counts decreased continuously during storage, 
regardless of inoculum type. The pH of the product 
was relatively stable (4.64-4.82) throughout the 
storage.When the product was stored at 4'C the 
levels of acid-adapted inoculum dropped below the 
detection limit (-0.48 log CFU/cm2

) at 32 days, 
whereas the other two types of inocula survived for 
up to 47 days of storage. In product stored at I 2°C 
the non-habituated inoculum survived longer than 
the other inocula.At 25'C, the extract-habituated 
inoculum died faster than the other inocula.Thus, 
the rate of death varied with temperature of storage 
and type of inoculum. 

Slgnif]cance:The results of this study may be 
useful In risk assessment studies and in helping 
processors select proper storage conditions for 
pepperoni. 

Survival of Escherichia coli O I S7:H7 
on the Surface and Inside Westphalian 
Ham during Ripening Following Needle 
Tenderization 

GARY H. GRAUMANN and Richard Holley, 

University of Manitoba, Dept. of Food Sciences, 

250 Ellis Bldg.,Winnipeg, MB R3T 2N2, Canada 

Introduction: Westphalian ham is a dry cured 
Ready-to-Eat meat product.These artisanal hams are 
manufactured without a lethal heat treatment and are 
preserved by salting, fermentation, and drying over 
s 3 month production period. 

Purpose: To determine whether solid needle 
treatment used to increase the cure penetration rate 
and accelerate ripening of dry cured hams caused 
internalization of E.coli O I 57:H7 from external 
surfaces. 

Methods: Prior to needle treatment, hams were 
Immersion-inoculated with a five strain cocktail of 
E.coli O I 57:H7 while a non-inoculated group served 
as the control. In two trials replicated four times, 
E.coli O I 57:H7 were enumerated on sorbitol 
MacConkey agar containing cefixime and tellurite 
(CTSMAC), while injured cells were recovered on 
tryptic soy agar incubated 35°C for 2 h and overlaid 
with CTSMAC. The ham surface was sampled by 
removing lean exterior shavings (depth 2-3 mm) while 
deep tissues were sampled by removing and searing 
two interior cores (47 mm diameter) from the biceps 
femoris muscle (which Included a minimum of four 
needle penetrations). 

Results: Hams were found to initially contain 
7.29 and 4.62 log CFU/g E. coli O I 57:H7 at the surface 
and internally, respectively. Following I 12 days of 
manufacture including 79 days drying, E.coli O I 57:H7 
were not detected on external surfaces after enrich
ment, whereas in deep tissue at an aw value of 0.88, 
3.12 log CFU/g of£ coli O I 57:H7 were recovered. 
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S/gnlficance:The Westphallan ham process used 
mimicked commercial practice and was not adequate 
to destroy internalized E.coli O I 57:H7. Needle 
tenderization was shown to act as a vehicle for 
internalization of surface bacterial contamination, 
which allowed greater survival of the pathogen. 

P2-44 Inactivation of Listeria monocytogenes on 
the Surface of Cooked Turkey Breast and 
Roast Beef Using High-pressure Process
ing and Food Grade Chemicals 
RENATA JACOB, Anna C, S. Porto-Fett, and 
John B. Luchansky, USDA-ARS-ERRC, 600 E. 
Mermaid Lane,Wyndmoor, PA 19038, USA 

Introduction: Listeria monocytogenes is frequently 
associated with outbreaks and recalls of contaminated 
Ready-to-Eat red meat and poultry products due to 
post-processing contamination.Thus, it Is necessary to 
identify treatments that can be applied after process
ing to reduce the risk of listeriosis. 

Purpose: Evaluate the inactivation of Listeria mono
cytogenes on the surface of cooked, uncured turkey 
breast and cooked roast beef by combining high 
pressure and food grade chemicals. 

Methods: Core samples were aseptically removed 
from chubs (3 to 5 pounds each) obtained directly 
from a cooperating manufacturer.The surface of each 
core sample (4 cm in length and 2 cm in diameter) 
was uniformly Inoculated with a five-strain cocktail 
(ca. 6.0 to 8.0 log CFU/core) of L monocytogenes and 
re-packaged in vacuum bags that did or did not 
contain 2 or 4 ml of antimicrobial. The antimicrobials 
tested were nisin (Nlsaplin at 500 or I 000 ppm} and 
lauric arginate (LAE at I or I 0%).The inoculated 
samples were processed for 5 or IO min each under 
200,400, or 600 MPa at 2o·c. 

Results: In general, the greater the time of treat
ment, the greater the concentration/volume of 
antimicrobial, and/or the greater the level of pressure 
applied, the greater the reduction of L monocytogenes. 
Regardless of the treatment, it was possible to 
decrease pathogen numbers by at least 1.6 log CFU/ 
core and by as much as 7.4 log CFU/core, 

S/gnlficance:When used alone, post-processing 
treatment with HPP or a food grade chemical reduced 
pathogen levels by 0.2 to 6.1 log CFU/core. HPP in 
combination with Nisaplin or LAE provided an 
additional 1.5 log CFU/core reduction. Post-process
ing treatments with Nisaplin or LAE on cooked, 
uncured turkey and cooked roast beef followed by 
pressurization can appreciably improve the safety of 
these products in case of post-processing contamina
tion. 

P2-45 Fate of Listeria monocytogenes Inoculated 
onto the Surface of Soudjouk and 
Kippered Beef and Stored at Different 
Temperatures 

RENATA JACOB, Anna C. S. Porto-Fett,Jeffrey 
E. Call, C. Andy Hwang, and John B. Luchansky, 
USDA-ARS-ERRC, 600 E. Mermaid Lane, 
Wyndmoor, PA 19038, USA 

Introduction: Listeria monocytogenes is the causal 
agent of listeriosis, a disease that can be serious and 
is often fatal in susceptible individuals. Listeriosis 
has typically been associated with consumption of 
contaminated foods that are capable of supporting 
growth of L monocytogenes and that are consumed 
without further cooking.The presence of the 
pathogen in Ready-to-Eat meat products is not 
desired and strictly regulated in the United States. 

Purpose: Evaluate the viability of L monocytogenes 
on two Ready-to-Eat (RTE) specialty/ethnic meat 
products, namely soudjouk and kippered beef, during 
storage at different temperatures. 

Methods: Individual slices ( 1.5 cm L x 2.0 cm W 
x 0.8 cm H) of these two products were separately 
inoculated on both the top and bottom surfaces with 
a five-strain cocktail of L monocytogenes (6.0 log CFU/ 
slice). Each slice was re-packaged In polyethylene 
sterile bags that were then vacuum sealed and stored 
at 4, I 0, 21, or 30°C for up 28 days. In each of at least 
2 trials, 3 slices were tested on days 0.25, I, 2, 3, 5, 7, 
I 0, 13, 17, 21, 28 for each storage temperature. 

Results: For soudjouk, levels of L monocytogenes 
decreased by :2:: 5.0 log CFU/slice to below detection 
(0.7 log CFU/slice) by direct plating after 5, 13, and 26 
days when stored at 30, 21, and I o·c, respectively, 
whereas at 4°C pathogen levels decreased by about 
3.0 log CFU/slice after 28 days. For kippered beef, 
pathogen numbers decreased to below detection 
within IO days at 30'C, whereas when the product 
was stored at 21, I 0, or 4°C, pathogen numbers 
decreased by 5.0, 2.0, and 1.0 log CFU/slice, respec
tively, within 28 days. 

Significance:These data substantiate that kippered 
beef and soudjouk do not provide a favorable environ
ment for subsequent growth of L monocytogenes that 
may be present on the surface of these products due 
to post-process contamination. 

P2-46 Fate of Salmonella Typhimurium, Esch
erichia coli O I 57:H7, or Listeria mono
cytogenes on the Surface of Whole 
Muscle Turkey Jerky 
ANNA C. S. PORTO-FETT, Jeffrey E. Call, 
C. Andy Hwang, Vijay Juneja, Steve Ingham, 
Barbara Ingham, and John B. Luchansky, USDA
ARS-ERRC, 600 E. Mermaid Lane,Wyndmoor, 
PA 19038, USA 

lntroductlon:Jerky is a popular shelf-stable snack. 
Several studies have evaluated effects of beef jerky 
processes on lethality of food borne pathogens; 
however, there is a scarcity of published literature on 
effects of processes on lethality of poultry jerky. 

Purpose: Evaluate the effectiveness of a commer
cial process that we previously validated for beef jerky 
towards pathogens during processing of jerky made 
with whole-muscle turkey breast, 

Methods:Approximately 9.5 log CFU/ml of multi
strain mixtures of Salmonella Typhimurium, Escherichia 
coli O I 57:H7, or Listeria monocytogenes were sepa
rately applied to the surface of strips of turkey breast 
and treated as follows: (I} non-marinated and ino
culated, or ii) inoculated and then marinated (pH 5.4) 
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in a sealed bag that was tumbled manually and stored 
at 4'C for 15 min. For each treatment, strips (ca. 15 
cm x 5 cm x 5 mm) were separately inoculated with 
multi-strain mixtures of one of the three pathogens 
and placed on trays which were positioned on the top, 
middle, and bottom levels of a loading rack (three 
strips/pathogen/level).The strips on the rack were 
loaded into a commercial-scale smokehouse and 
heated/dried for either 2.5 or 3.5 hat 73.8'C (I 65'F) 
or 1.5 or 2.5 h at 82.2'C ( I 80'F) with constant 
smoking and without addition of humidity. 

Results: Heating/drying turkey jerky for either 2.5 
or 3.5 hat I 65'F or for 1.5 or 2.5 hat I 80'F resulted 
in a >/= 7.0 log CFU/strip reduction of all three 
pathogens. However, a slightly less reduction (6.6 log 
CFU/strip) was observed for non-marinated jerky 
Inoculated with Salmonella that was heated/dried at 
I 65'F for 2.5 h or I 80'F for 1.5 h. 

Signif,cance:These data confirm that processing 
turkey jerky at 3.5 h at I 65'F or for 2.5 h at I 80'F is 
adequate for meeting the performance standard of a 
7.0-log lethality established for Salmonella spp. in 
Ready-to-Eat poultry. 

P2-47 Prevalence of Salmonella, Campylobacter 
and Listeria on Retail Organic and Kosher 
Poultry Products 

XIANGWU NOU, Jessica Delgado,Jitu Patel, 

Manan Sharma, and Morse Solomon, USDA

ARS-FTSL, I 0300 Baltimore Ave., Bldg. 20 I, 

BARC-East, Beltsville, MD 20705, USA 

Introduction: Organic and kosher poultry are 
raised and processed using specific guidelines In 
specialized facilities. Compared to conventionally 
processed poultry, consumers often perceive these 
alternatively processed products safer and of higher 
quality. 

Purpose:The Incidence of three bacterial 
foodborne pathogens on alternatively processed 
poultry was determined. 

Methods: A total of 353 whole or cut raw poultry 
samples ( I 04 conventional, I 08 kosher, 41 kosher
organic, and I 00 organic) from retail stores in 
Maryland and Virginia were tested for the presence of 
Salmonella, Campylobacter, and Listeria over an eight
month period. The pathogens were isolated following 
selective enrichment.Antibiotic susceptibility of 
Salmonella and Campylobacter isolates were deter
mined using agar plate disc diffusion and E-Test 
procedures. 

Results: Salmonella, Campylobacter, and Listeria 
were isolated from 28, 49, and 45% of poultry samples, 
respectively. Salmonella was most frequently isolated 
from organic poultry samples (40%), as were 
Campylobacter from conventional {69%) and Listeria 
from kosher (67%) poultry. Serovar Kentucky was the 
most prevalent Salmonella serotype among isolates 
from kosher and organic poultry, while serovars 
Typhimurium, Enteritidis, and Kentucky were most 
frequently isolated from conventional poultry. 
Salmonella isolates from organic poultry were more 
susceptible to the antibiotics tested than those from 
other sources.While approximately 60% of Salmonella 
isolates from all type of poultry samples were 
resistant to at least one antibiotic, resistance to at 
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least 6 antibiotics was displayed by 8% and 26% of 
isolates from organic and non-organic products, 
respectively. Campylobacter isolated from organic 
poultry were less resistant to ciprofloxacin than those 
from other samples ( I 0% vs 18%) but a higher 
percentage of those isolates displayed resistance to 
tetracycline (73% vs 47%). 

Slgnif,cance:The high incidence of Salmonella and 
Listeria contamination associated with alternatively 
processed poultry samples indicates the needs for 
continued Improvements of rearing and processing 
technologies to further reduce bacterial contamina
tion of those products. 

P2-48 Microbiological Evaluation of Beef Car
casses during Process at Two Slaughter 
Establishments in Jalisco State, Mexico 

NANCI E. MART[ NEZ-GONZALES, Luz E. 

Garay-Martinez, Alejandro Castillo-Ayala, 
Cristina Martinez-Cardenas, Liliana Martinez

Chavez, and Ofelia Rodriguez-Garcia, 
Laboratorio de Microbiologia e lnocuidad de 
Alimentos. Marcelino Garcia Barragan 1451, 
Guadalajara, jalisco 44420, Mexico 

Introduction: At the time of slaughter, meat is 
essentially a sterile product. However, during the 
slaughter process, events can occur that contribute to 
carcass contamination and ultimately, the underlying 
meat.Any subsequent handling of the meat is also 
likely to increase the total bacterial contamination on 
the meat surface and result in cross contamination of 
freshly exposed surfaces during indirect contact with 
previously contaminated surfaces. 

Purpose: to determine levels of total aerobic 
(APC), Enterobacter/aceae (E), Escherichia coli (EC), total 
collforms (TCC), and molds (M)/yeasts (Y) on beef 
carcasses at t:No mid-sized slaughter establishments 
In Jalisco State, Mexico. 

Methods: A sterile sponge was used to sample a 
I 00 cm2 area of the rump, flank and brisket regions 
of 58 and 84 beef carcasses from establishments A 
and B, respectively, over a period of two months.The 
samples were collected before and after carcass wash. 
Each sample was analyzed for APC, E, EC, TCC, and 
M/Y on 3M Petrifilm ™ plates. 

Results: Significant differences (P :,;; 0.05) were 
found for the populations of microorganisms after 
evisceration and after carcass wash, and between the 
two establishments.At establishment A, all counts 
except molds were lower after washing (P:,;; 0.05). 
Mean counts after evisceration and after carcass wash 
were,APC, 5.2 and 3:7; E 1.8 and 1.1,TTC 1.5 and 0.6; 
EC l.2and0.5;M0.9and0.9,andY 1.9and 1.41og 
CFU/cm2, respectively. For establishment B, the 
carcass wash resulted in an Increase in microbial 
counts by 0.5 -1.4 log cycles. Mean counts for 
establishment B before and after carcass wash were, 
APC 3.8 and 4.3; E 1.1 and I .7;TCC 0.3 and 1.2; 
EC -0.07 and 0.8; M 0.3 and 0.7 andY 0.3 and 0.8, 
respectively. 

Signif,cance:The findings of this study help to 
Identify sources and practices that lead to increased 
microbial level on carcasses, and highlight the 
necessity to have SSOP for beef carcass wash at 
meat establishments. 
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Isolation and Characterization of Thermal 
Resistance of Salmonella spp. from Raw, 
Frozen Chicken Nuggets, Strips and 
Pelleted Broiler Feeds 

OLIVER BUCHER, Richard Alan Holley, Rafiq 
Ahmed, Helen Tabor, Celine Nadon, and Lai King 
Ng, University of Manitoba Food Science Dept., 
13 Freedman Crescent,Winnipeg, MB, R3T 2N2, 
Canada 

Introduction: Raw, frozen chicken nuggets/strips 
are a significant risk factor in contracting foodborne 
salmonellosis. Salmonellosis from consuming partly 
cooked chicken nuggets may be due, In part, to 
Salmonella strains with elevated thermal resistances. 
The pelleting of poultry feed may select for these 
organisms. 

Purpose:To determine the occurrence and 
characterize Salmonella strains contaminating chicken 
nuggets/strips and pelleted feeds. 

Methods: Salmonellae were isolated using Health 
Canada MFHPB-20 method for the isolation and 
identification of Salmonella from foods. Strains were 
characterized by serotyping, phage typing, antibiotic 
resistance typing and by pulsed field gel electrophore
sis (PFG E) patterns (ISO 17025) at the National 
Microbiology Laboratory (Canada).Thermal resis
tances of Salmonella isolates were determined (D- and 
z- values) using chicken nugget meat heat challenged 
in a preheated waterbath and recovered on tryptic 
soya broth supplemented with 15% agar and 0.6% 
yeast extract with 48 h incubation at 25'C. 

Results: Salmonellae were Isolated from 25 g 
samples in 25% (n = 92) of nugget/strip samples, 95% 
(n = 20) of chicken nugget meat samples and I 0% (n = 
I 11) of pelleted feed samples. S. Enteritldis with 
indistinguishable phage type and PFGE pattern was 
isolated from both pelleted feed and chicken nugget 
meat in two instances. Data indicated that S. Heidel
berg strains isolated from chicken nuggets did not 
have increased thermal resistance (D55 4.54 min, D60 
0.36 min, D62 0.1 I min and z I .49'C). 

Significance: S. Enterltidis isolated from pelleted 
feed was the same in two instances as in chicken 
nugget meat. 

Prevalence of Campylobacter, Enterobact
erlaceae, and Antimicrobial Resistance 
in Chickens and Guinea Fowls 
AGNES Kl LONZO-NTH ENGE, Samuel 
Nahas hon, and Fur-Chi Chen, Tennessee State 
University, 3500 John A. Merritt Blvd., Nashville, 
TN 37209-1561, USA 

Campylobacter and Salmonella Infections in 
humans have long been associated with raw poultry. 
There is concern about antibiotic resistant bacteria or 
their genetic material being transferred to humans 
though contaminated poultry. This study was con
ducted to compare the presence and antimicrobial 
susceptibility of Campylobacter spp., Salmonella spp., 
and other enterlc bacteria between chickens and 
guinea fowls. Birds were reared on enclosed concrete 
floor housing covered with pine wood shavings litter 

P2-S I 

material. Chickens (n = 20) and guinea fowls (n = 20) 
carcasses, drinking water (IO ml; n = 20) and litter 
( I 0 g; n = 20) were aseptically collected randomly 
from a poultry farm and analyzed within I h of 
collection. Individual pens served as experimental 
units and were replicated two times. Campylobaeter 
ssp., Salmonella spp., and other Enterobacteriaceae were 
isolated and identified using standard selective media 
and biochemical tests.The Isolates were tested for 
resistance to tetracycline, ampicillin, streptomycin, 
kanamycln, nalidixic acid, gentamicin, erythomycin, 
ciprofloxacin, cefoxltin, and colistin using the Kirby 
Bauer disc diffusion test. Campylobacter spp. and 
Salmonella spp. were isolated from 25 and 35%, and 
15 and 20% of whole carcass rinses of chickens and 
guinea fowls, respectively. Although only Salmonella 
spp. were recovered from drinking water, both 
Salmonella spp. and Campylobaeter spp. were recovered 
in litter material. Campylobaeter upsaliensis was 
recovered In the guinea fowls, while Klesiella oxytoca 
and Enterobacter sakazakli were recovered in chickens. 
Campylobaeter spp., Salmonella spp., and E. coli isolates 
from chickens and guinea fowls were resistance to 
ampicillin, kanamycln, erythomycin, and nalldixic acid. 
The results indicate that raw poultry can be potential 
sources of antibiotic resistant Campylobacter spp., 
Salmonella spp., and E. coli. 

Antimicrobial Resistance in Campylo
bacter je}uni and Campylobacter coli 
Isolated from Chicken Carcass Rinsates: 
Update from the Animal Arm of NARMS 

PAULAJ. FEDORKA-CRAY, J. Plumblee, 
N.Anandaraman, M. Engl en, and R. Meinersmann, 
USDA-ARS-BEAR, Athens, GA 30605-2720, USA 

lntroduction:The development of antimicrobial 
resistance in Campylobacter species, particularly C.jejuni 
and C. coli, is of public health concern. 

Purpose: The purpose of this study was to analyze 
the minimum Inhibitory concentrations (MICs) for 
antimicrobials used in susceptibility testing of C.jejuni 
and C. coli as part of the animal arm of NARMS. 

Methods: Campylobaeter isolates were tested 
for susceptibility to eight antimicrobials including 
Azithomycin, Chloramphenicol, Ciprofloxacln, 
Clindamycin, Erythomycln, Gentamicln, NalidlxicAcid, 
and Tetracycline. Minimal Inhibitory concentrations 
(MICs) were obtained using E-test (AB Biodisk) from 
1998 through 2004. In 2005, a semi-automated broth 
microdilution system (Trek Diagnostics, Inc.) was used 
and Florfenicol and Telithomycln, were added. MIC50s 
and MIC90s were calculated for each year. 

Results: From 1998 through 2004, the MIC50s 
and MIC90s for C.jejun/ and C. coli either remained 
unchanged or declined. The most dramatic decline 
was observed for MIC50s to Tetracycline (the 1998 
MIC50 was 256 ug/ml for both C.jejun/ and C. coli 
while in 2005 the MIC50 was 0.50 ug/ml for C.jejuni 
and 0.25 ug/ml for C. co/i).The MIC50s for 2006 (to 
date) were within 1-2 dilutions of the 2005 numbers 
with the exception of Tetracycline which increased 
to 32 ug/ml for both C.jejuni and C. coli. Additionally, 
using a breakpoint of 4 ug/ml for Ciprofloxacln, the 
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overall percent resistant declined from 15% in 2005 
to 8.5% in 2006 for C. jejuni and 22.1 % In 2005 to 
14.7% in 2006 for C. coli (preliminary data for 2006). 
Overall, the percent resistance, regardless of antimi
crobial, was higher for C. coli compared to C.jejuni. 

Significance:These data indicate that, in general, 
the level of resistance, particularly to Ciprofloxacin, 
among Campylobaeter isolates Is declining. However, 
resistance to Tetracycline appears to vary and 
increasing trends in resistance require continued 
monitoring. 

Characterization of Staphylococcus aureus 
Strains Isolated from Pig Carcasses 

SABINE NITZSCHE, Claudio Zweifel, and Roger 

Stephan, Institute for Food Safety and Hygiene, 

Vetsuisse Faculty University of Zurich, 

Winterthurerstr. 272, Zurich, 8057, Switzerland 

Introduction: Staphylococcus aureus is involved 
in a variety of infections, and some strains producing 
staphylococcal enterotoxins (SE) are responsible for 
foodborne intoxications. In contrast to S. aureus 
isolated from milk and cheese, only few data are 
available for strains isolated from carcasses and meat. 

Purpose:The aim of the study was to identify 
S, aureus out of 337 coagulase positive staphylococci 
(CPS) previously collected from pig carcasses at two 
abattoirs (A, B) during slaughter, and to characterize 
the isolated S. aureus to evaluate the epidemiological 
relationship. 

Methods: S. aureus were Identified by amplification 
of a specific section of the I 6S-23SrRNA intergenic 
spacer region. S. aureus were then examined for egg 
yolk reaction (Baird-Parker agar), clumping factor/ 
protein A (latex agglutination), antimicrobial suscepti
bility (Sensititre), and by PCR for mecA and SE genes 
(sea to sed, seg, sel, sej).After coa gene amplification, 
strains were typed by coa gene restriction profile 
(CRP) analysis using Haelll. 

Results:A total of 142 S. aureus strains were 
identified.Among them, 85.2% were egg yolk positive 
and 98.6% were positive for clumping factor/protein 
A. Resistances to antimicrobials were found In 36 
(25.4%) strains. None of the strains harbored the 
mecA gene, which is conserved in methicillln-resistant 
S, aureus. SE genes (mainly seg/sei) were detected in 
56 strains, and differences between the abattoirs were 
significant (A: 51.0%, B: 13.6%; P < 0,05). CRP analysis 
resulted in seven patterns, which were commonly 
found at both abattoirs. During slaughter (abattoir B), 
four CRP, including the predominating, were identified 
throughout the process. 

Signiffcance: Genotyping revealed a remarkable 
homogeneity in S. aureus from the different abattoirs 
and process stages.Therefore, the distribution of a 
limited number of S. aureus genotypes may exist in the 
pig population.The persistence of predominant CRP 
throughout the slaughter process may be explained by 
colonization advantages of these types. 
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Meat PackagingTechnologies and the 
Safety of Ground Beef 

MANUEL V. ALVARADO, J.C. Brooks, M. F. 
Miller, T. Jackson, and M. M. Brashears, Texas Tech 

University, Indiana and Main, Lubbock,TX 79409, 

USA 
Introduction: Recent petitions to FDA and USDA 

have requested the re-evaluation of CO as an 
approved packaging component, Research was needed 
to determine scientific data regarding the safety 
characteristics of CO and various packaging systems 
commonly used in the beef industry. 

Purpose:The objectives were to determine the 
safety of ground beef patties packaged with carbon 
monoxide gas flush, hi-oxygen gas flush, and rosemary 
oleoresln in modified atmosphere packaging by 
determining the growth or survival of E.coli O I 57:H7 
and Salmonella over time. 

Methods:Treatments included control (foam tray 
with film over-wrap), 80% 0

2 
/ 20% CO

2 
MAP, MAP 

with rosemary extract, 0.4% CO, 30% CO
2

, 69.6% N2 
MAP, 0.4% CO, 30% CO

2
, 69.6% N2 MAP with 

rosemary extract. Samples inoculated with Salmonella 
were plated on XLD agar and E.coli O I 57:H7 on 
MacConkey agar overlayed with TSA using the thin
layer agar method. Samples were stored in retail cases 
and were analyzed on days 0, I, 3, 5, 7, 14, and 21. 

Results:After day 7, E.coli O 157 (5.73 log CFU/g) 
in the control were significantly higher than In the 
MAP packages (4.83 to 5.20 log CFU/g). After 21 days, 
E. coli O 157 in the control increased to 5.60 log CFU/ 
g which was significantly higher than the MAP pack
ages (3.94 to 4.34 log CFU/g). For Salmonella (day 3), 
samples packed in control had counts of 5.20 log 
CFU/g while MAP packages were significantly lower 
(4.50 log CFU/g). After days 14 and 21, Salmonella in 
controls was 4.29 and 4.27 log CFU/g, respectively, 
which was significantly higher than the MAP packages 
(4.30 and 3.94 log CFU/g on day 14 and between 3.75 
and 4.0 I log CFU/g on day 21 ). 

Significance: Modified atmospheres may be 
inhibitory to foodborne pathogens and may provide 
added safety to ground beef products. 

Mechanisms of Salmonella Persistence 
during Chicken Slaughter 

W. L.Tan, N. Fegan, and GARY A. DYKES, Food 

Science Australia, P.O. Box 3312, Brisbane, 

Queensland 4073, Australia 

Introduction: Salmonella Is an important foodborne 
pathogen known to contaminate chicken meat and 
which is commonly present throughout chicken 
processing facilities. It Is not clearly understood how 
and why certain Salmonella strains are more persistent 
and better able to survive during chicken processing. 

Purpose:The study was carried out in order to 
compare 13 Salmonella isolates representing strains 
from both the start and end of 5 chicken processing 
plants in Australia. Factors which might influence the 
persistence and survival of Salmonella such as their 
ability to attach to chicken skin, degree of hydropho
bicity and their degree of sensitivity to heat and 
chlorine were then investigated. 
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Methods: Individual Salmonella cell suspensions 
were Inoculated onto chicken thigh skins and strongly 
attached cells enumerated in a skin attachment assay. 
Hydrophobicity of the isolates was determined by 
performing hydrophobic interaction chromatography 
using two different buffers (PBS buffer pH 7.0 and 4 
mol/L sodium chloride In 0.0 I mol/L sodium phos
phate buffer at pH 7.0). The Isolates were exposed to 
water heated to 60'C for up to 600 s and enumerated 
at various time points to determine D-values. In a 
separate experiment strains were exposed to 4 ppm 
of free-available chlorine at 4'C for 15 min and 
enumerated. 

Results: Hydrophobicity was not found to correl
ate to the ability of these Salmonella isolates to attach 
to chicken skin. S. Sofia isolates however appeared to 
be significantly more hydrophobic than other sero
types with both buffers (P < 0.05). There were no 
significant differences (P > 0.05) between the isolates 
from the beginning and the end of processing in their 
ability to survive heat and chlorine stresses. 

Significance: Salmonella isolates were exposed to 
the maximum values of heat and chlorine permitted in 
chicken processing plants but were able to survive. 
Hydrophobicity Is not a factor influencing Salmonella 
attachment to chicken skin. 

P2-55 Effect of Acid Adaptation on Thermal 
Tolerance of Escherichia coli O 157:H7 
and Salmonella enterica in Meat Serum 

MANPREET SINGH and J. S. Dickson, Auburn 
University, 20 I Poultry Science Bldg., Auburn, 
AL 36849, USA 

Escherichia coli O I 57:H7 and Salmonella were 
adapted to acidic conditions by growing in tryptic soy 
broth with I% glucose (TSB + I %G).Ability of acid 
adaptation of these pathogens to provide resistance 
against thermal stress was evaluated in meat serum. 
Five-strain cocktail of both bacteria were grown 
separately in TSB and TSB+ I %G for 24 h at 37°C to 
provide cells with or without acid adaptation. Meat 
serum was prepared from irradiated ground beef and 
inoculated with a five strain cocktail of either acid 
adapted or non-adapted E. coli O I 57:H7 and Salmo
nella. Inoculated meat serum was then subjected 
to heat treatment at 58, 62, and 65'C to determine 
D-values of the pathogens. Significant differences 
(P < 0.05) were observed In the D-values of acid 
adapted and non-adapted E.coli O I 57:H7 at 58, 62, 
and 65'C. Significant difference (P < 0.05) in D-values 
of Salmonella was observed at 58 and 62'C, but no 
statistical difference (P > 0.05) was seen at 6S'C. D
values were observed to be 22.46 and I 0.58 min. at 
58'C; 3.58 and 1.38 min at 62'C; 1.02 and 0.75 min 
at 65'C for acid adapted and non-adapted E.coli 
O I 57:H7, respectively. D-values of the acid adapted 
Salmonella were 9.36 min at 58'C, 1.66 min at 62'C, 
and 1.14 min at 65'C whereas the non-adapted 
counterparts had D-values of 6.44, 0.88, and 0.95 min 
at 58, 62, and 65'C, respectively.This indicates that 
acid adaptation of food borne pathogens provides 
cross protection against heat treatments. 
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Effect of Freezing, Thawing Method, and 
Aerobic Storage on the Fate of Listeria 
monocytogenes during Home Storage 
of Frankfurters 

CATHERINE A. SIMPSON, 0. Byelashov, 
I. Geornaras, P. A. Kendall,J. A. Scanga, K. E. Belk, 

G. C. Smith, and J. N. Sofos, Center for Red 
Meat Safety, Colorado State University, Dept. 
of Animal Sciences, I 171 Campus Delivery, 
Fort Collins, CO 80523, USA 

lntroduction:Although surveys have shown that 
consumers regularly store unopened frankfurter 
packages in home freezers, little information Is 
available regarding the fate of L monocytogenes during 
home storage after thawing. When available, instruc
tions recommend thawing in the refrigerator and 
discourage countertop thawing, while instructions 
for microwave defrosting are consistently absent. 

Purpose:This study examined the effects of 
antimicrobials, storage time, freezing, thawing method 
and subsequent home storage on L monocytogenes on 
frankfurters. 

Methods: Packages of inoculated (2 log CFU/cm2) 

frankfurters (8 per package, 3 per treatment), formul
ated without antimicrobials or with 1.5% potassium 
lactate plus 0.1 % sodium diacetate, were stored at 4'C 
for 6 or 30 days, then frozen (-1 S'C; I 0, 30, or 50 
days). Products were thawed under refrigeration 
(7°C, 24 h), on a countertop (23'C, 8 h), or by 
microwave defrosting (220 s, 2459 MHz, 1100 watts, 
followed by 120 s holding). After thawing and during 
subsequent aerobic storage (7°C; 3, 7, and 14 days), 
bacterial populations were enumerated on PALCAM 
agar and tryptic soy agar plus 0.6% yeast extract. 

Results: Antimicrobial ingredients completely 
inhibited (P < 0.05) growth of L monocytogenes before 
freezing and during the entire aerobic storage period 
(7°C, 14 days) following thawing. For control frank
furters, length of storage before freezing (4°C; 6 or 30 
days) resulted In different pathogen levels on unfrozen 
product (2 or 4 log CFU/cm2, respectively), while 
freezing ( I 0, 30, or 50 days) reduced counts by < 1.0 
log CFU/cm2• Changes in pathogen counts following 
thawing were -1.8 to +0.2 log CFU/cm2, with micro
waving resulting in the largest reductions. L mono
cytogenes populations on control samples, regardless 
of thawing method, were similar at 7 and 14 days of 
aerobic storage (3--4 and 5 log CFU/cm2, respectively). 
In general, the fate of L monocytogenes during aerobic 
storage, following thawing, was not influenced by 
freezing or by thawing method. 

Significance: Microwave defrosting should be 
included in thawing recommendations. Antimicrobials 
present in frankfurter formulations inhibit growth of 
L. monocytogenes, diminishing the negative impact of 
extended storage of sealed and/or opened packages. 

Journal of Food Protection Supplement A - 160 
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Characterization of Multi-resistant 
Salmonella spp. Isolates Recovered from 
Commercially Processed Whole Rabbit 
Carcasses 

RAMARAO KASULA and Leonard L.Williams, 
Alabama A&M University, 4900 Meridian St., 
Normal, AL 35762, USA 

The Centers for Disease Control and Prevention 
estimates that Salmonella infections causes an esti
mated 1.4 million cases of human illnesses and 400 
deaths annually in the USA due to foodborne illnesses. 
The objectives of this study were to determine the 
antimicrobial resistance, impedimetric and biochemical 
profiles of Salmonella spp. isolated from whole rabbit 
carcass rinses at four different sampling points (pre
evis, post-evis, pre-chill and post-chill). Two-hundred 
whole rabbit carcasses selected from four different 
sampling points were analyzed for Salmonella using 
tetrathionate as an enrichment broth, bismuth sulfite 
and brilliant green media as selective media. The 
isolates were characterized for production of sugars, 
reaction to O and H antisera, and screening using a 
direct impedmetric assay specific for Salmonella. To 
determine antibiotic resistance profile, 16 different 
antimicrobial agents (ampicillin, erythomycin, oxacillin, 
spectinomycin, vancomycin, novoblocin, nitrofurontoin, 
Rifampln, cephalothin, ciprofloxacin, Gentamicin, 
trimethoprim, tetracycline, cefixime and cefazolin) 
were used by disk diffusion method. Seventy-five 
(37.5%) of rabbit carcasses were positive for Salmo
nella on bismuth sulfite and brilliant green media. A 
total of 375 isolates were obtained of which 21 
(5.6%) were positive for Salmonella by direct imped
ance method. Of the 21 Salmonella positive isolates, 
17 (4.5%) were positive for Salmonella using O and H 
antisera. Of the 16 antimicrobial agents tested, 69.38% 
of the isolates from all sampling points were resistant 
to multiple antimicrobial agents compared to only 
25.31 % being sensitive to multiple antimicrobial 
agents.These findings are significant for the rabbit 
processing industry and to our knowledge, multiple 
antimicrobial resistance in Salmonella recovered from 
rabbit carcasses have not been reported previously. 

P2-58 Comparison of the TEMPO® System, 
Petrifilm®, and Cultural MPN Procedure 
for Enumeration of Escherichia coli, 
Coliforms and Total Aerobic Plate Counts 
from Poultry Samples 

DOUGLAS E. COSBY and J. Stan Bailey, USDA
ARS-BEAR, 950 College Station Road, Athens, 
GA 30605, USA 

Introduction: Recent innovations in microbiologi
cal methods for analysis of food products have been 
in methods for detection of bacterial pathogens. 
Petrifllm dehydrated plates are the only significant 
addition to cultural procedures for indicator organ
isms in the last 20 years. An automated most pro
bable number (MPN) has been developed utilizing 
liquid media to enumerate indicator organisms. 

Purpose: The purpose of this study was to 
compare the TEMPO automated procedure with 
cultural MPN procedures and Petrifilm assays 
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for enumeration of E.coli, coliforms, and total aerobic 
plate counts (TAPC) from chicken samples. 

Methods: Post-chill chicken carcasses (n = 360) 
were rinse sampled In sterile water and ground 
chicken (n = 250) were stomached in sterile water. 
The rinsed and stomached samples were serially 
diluted on the appropriate Petrifilm plate for E.coli, 
coliforms, and TAPC and tested with the bioMerieux 
TEMPO system, according to instructions. 

Results: The correlation between cultural MPN 
and TEMPO was 0.82 for E.coli and 0.81 for collforms 
from post-chill chicken rinse samples. When TEMPO 
was compared to Petrifilm, the correlation for E.coli, 
coliforms, and TAPC was 0.78, 0.58, and 0.90 respec
tively for chicken rinse samples and 0.54, 0.09, and 
0.91 for ground chicken samples. There was good 
correlation between TEMPO and Petrifilm forTAPC. 
The lack of correlation with Petrifilm coliform and 
E.coli counts was due to the inability of Petrifilm to 
distinguish low levels from background microflora. 

Signif,cance: The data suggests the TEMPO and 
Petrlfilm procedures give comparable counts for 
TAPC.The low correlation for E.coli and collforms is 
explained because of the inability of Petrifilm to 
enumerate some E. coli and collforms, particularly 
when there Is a high ratio of competing organisms. 
TEMPO is an automated system requiring little 
technician time after the Initial processing and 
provides automated reading, calculation of counts 
and storage of data. 

P2-59 Presence of Campylobacter Jejuni in 
Poultry Samples of Different Colombian 
Regions UsingTraditional Microbiology 
and BAX® System 

MARIA CONSUELO VANEGAS, Aida Juliana 
Martfnez, and Mayra Viviana Medrano, 
Universidad de los Andes, era I #I SA- I 0-J209, 
Bogota, Colombia 

Introduction: Campylobaeter jejunl is found in the 
intestine of domestic animals, particularly poultry, and 
causes gastroenteritis that may cause Guillian-Barre 
Syndrome. Studies in Colombia are very scarce due 
to the lack of its importance as a foodborne disease 
microorganism, the high costs of the analysis and the 
absence of regulations and surveillance programs 
regarding this pathogen. In developing countries the 
isolation rate of C.jejuni ranges from 5-20%. 

Purpose:The purpose of this study was to eval
uate the presence of C,jejuni in poultry samples by 
the traditional and a molecular method to explore the 
frequency of this pathogen in four different regions of 
Colombia. 

Methods:A total of 50 samples of poultry viscera 
and intestinal content were collected from different 
Departments of Colombia ( 14-Cundinamarca, I 0-
Meta, 21-Santander and 5-Cesar). The samples were 
analyzed simultaneously by traditional microbiology 
according to the Food and Drug Administration 
protocol, using Bolton broth and Karmali agar and 
BAX® (DuPont-Qualicon) system. C.jejuni strain 
ATCC 33291 was used as a positive control. 

Results: Considering the 50 samples analyzed, 
overall frequency of C.jejuni was 38%. Regarding the 
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region, I (3.33%) sample from Cundlnamarca (3.33%), 
I ( I 0%) from Meta, 16 (76.19%) from Santander and I 
(20%) from Cesar presented C.jejuni according to 
BAX. Nevertheless, only one strain could be recov
ered by traditional microbiology. 

Significance:These data evidence the high fre
quency of C.jejuni in poultry for sale in Colombia, 
especially in Santander, which is one of the leading 
departments in poultry production in our country, and 
thus the need for surveillance of this pathogen. 
Additionally, the data shows that C.jejuni is a fastidious 
organism that can be falsely absent in food samples 
when only traditional microbiology is used, but can be 
easily detected by molecular methods such as BAX 
system, important for future research and for control 
of the microorganism and inspection programs. 

An Automated lmmunomagnetic Separa
tion Enzyme-linked Immunoassay for 
the Detection of Salmonella in Poultry 
Environmental Samples 
CARLOS G. LEON-VELARDE, Leila 
Zosherafatein, and Joseph A. Odumeru, 
Laboratory Services Division, University of 
Guelph, 95 Stone Road West, Guelph, 
ON NIH 8J7, Canada 

An automated visual immunomagnetic separation 
enzyme linked immunoassay was developed and 
evaluated for the detection of Salmonella in poultry 
environmental samples. No false positives were 
observed when challenged with 33 cultures of 
microorganisms other than Salmonellae, and positive 
results were obtained with pure cultures of 53 
Salmonella isolates tested. From post-enrichment 
Salmonella cultures, the limit of detection of the assay 
was estimated at I 04 to I 06 CFU/ml. Application of 
the assay on 71 I naturally contaminated poultry 
environmental samples achieved a I 00% sensitivity 
and 96.2% specificity. The assay results were compared 
with those of a culture reference method performed 
concurrently on the same samples.The assay allows 
for the identification of positive samples within I hour 
of testing post-enrichment broths. 

Evaluation of Detection Methods for the 
Identification of Listeria spp. Recovered 
from Meat Processing Facilities 
JOVANA KOVACEVIC, Valerie Bohaychuk, 
Pablo Romero Barrios, Gary Gensler, Deana 
Rolheiser, and Lynn McMullen, University of 
Alberta, 4-10 Ag/For Centre, Edmonton,AB, 
T6G 2E I, Canada 

To minimize the labor and time associated with 
conventional culture methods, user-friendly and rapid 
pathogen detection methods have been developed.We 
evaluated the specificity and sensitivity of three rapid 
detection methods [lateral flow immunopreclpltation 
assay (LFIA), 3M™ Petrifilm'" Environmental Listeria 
Plates (Petrifilm), and polymerase chain reaction 
(PCR) method] for Identification of Listeria spp. in 
environmental samples In comparison to a culture 
method (ISO I 1290-1 ), traditionally considered the 
"gold standard." Over a period of eight months, 
samples were collected from two meat processing 
facilities in areas handling raw and cooked foods. 

P2-62 

Samples were collected after sanitation but prior to 
processing, and during or after processing but prior to 
sanitation. Facilities were visited until a minimum of 
I 00 positive and I 00 negative samples, per detection 
method, were collected.The culture method identified 
110 positive Listeria spp. samples, while LFIA, Petrifilm 
and PCR methods identified I 04, I 03, and I 09 positive 
samples, respectively. Out of I 03 presumptive positive 
samples Identified by the Petrifilm method, only 38% 
of these samples were confirmed positive by culture 
methods. LFIA and PCR were highly sensitive and 
specific when compared to the culture method, with 
sensitivity values of 94.5% and 99.1 %, respectively, and 
specificity values of I 00%. The Petrlfilm method was 
significantly less efficient in detection of Listeria spp. 
with sensitivity and specificity values of 56.3% and 
91.5%, respectively. Kappa values indicated excellent 
agreement of the LFIA and PCR with the culture 
method, while moderate agreement was observed for 
the Petrifilm method. Overall, Petrifilm was found to 
be easy to use but less efficient in detection of Listeria 
spp. in environmental samples, while the LFIA and PCR 
methods were found to be excellent alternatives to 
culture, considering performance, time and labor 
inputs. 

Evaluation of Sponge-sampling Methods 
for Fleece and Carcasses of Sheep in a 
Commercial Abattoir 

Alison Small, Lucia Rivas, and NARELLE FEGAN, 
Food Science Australia, P.O. Box 3312, Tingalpa 
DC, Brisbane, Queensland 4173,Australia 

lntroduction:There Is little quantitative information 
on the numbers of E.coli, E.coli O 157 and Salmonella 
present on sheep fleeces and carcases at processing in 
Australia. In order to gather information on these 
pathogens, appropriate sampling methods are 
required. 

Purpose:The purpose of this study was to com
pare two methods for sampling of sheep fleece and 
carcases for the enumeration of E.coli, E.coli O 157 
and Salmonella. 

Methods:The fleece and pre-chill carcases of 24 
sheep processed at a commercial abattoir in Australia 
were sampled using a large-area sponging method 
(LAS; sponging the entire side of the fleece or carcase) 
and theAQIS ESAM sampling procedure (sponging 
three 5 cm by 5 cm areas on each of flank, mid loin 
and brisket). E.coli counts were determined using 
Petrifilm ™ and the presence of E.coli O 157 and 
Salmonella was determined using automated immuno
magnetic separation and selective plating. Results: E. coli 
counts on the fleeces and carcases were significantly 
higher (P < 0.00 I) with the ESAM method (mean 1.77 
log CFU/cm s on fleece, 1.62 log CFU/cm s on 
carcases) than with the LAS method (mean -0.14 log 
CFU/cm s on fleece and -0.27 log CFU/cm s on 
carcases). Salmonella counts were higher (P < 0.00 I) 
on fleece using the ESAM method (mean -0.64 log 
MPN/cm s) than the LAS method (mean -1.97 log 
MPN/cm s).The Isolation rate of Salmonella from 
fleece was not significantly different between the 
ESAM ( 11 /24) and LAS methods ( 15/24). No compari
son could be made for enumeration of E.coli O 157 on 
fleece ( I positive sample), or for either pathogen on 
carcases due to the low isolation rate ( I positive 
sample for each pathogen). 

Journal of Food Protection Supplement A - 162 
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Significance:The ESAM sampling protocol appears 
to target heavily contaminated sites and Is appropriate 
for testing fleece and sheep carcases for enumeration 
of E. coli, E. coli O 157 and Salmonella as no advantage 
was gained in sampling a larger area. 

The Effect of Incubation Temperature on 
Total Viable Counts of Beef and Sheep 
Carcasses 

MARK TAMPLIN, Jacinta Simmons, Ian Jenson, 

and John Sumner, University of Tasmania, Private 

Bag 54, Hobart, Tasmania 700 I, Australia 

Monitoring of Total Viable Count (TVC) can 
provide valuable data for process control In the 
processing of cattle and sheep for human consump
tion. E.coli data are difficult to use In process control 
because they are usually below the limit of detection. 
Australian Standard methods usually employ an 
Incubation for 72 h at a temperature of 30°C (termed, 
Standard Plate Count), but for meat, the incubation 
is for a period of 96 hat 25°C (usually termed,Total 
Viable Count). Petrifilm methods specify incubation 
at 35°C.An investigation was performed to compare 
incubation temperatures and method of plating (pour 
plate/Petrifilm) for determination ofTVC. Samples 
were collected following the sampling methods of the 
USA Pathogen Reduction; Hazard Analysis Critical 
Control Point (HACCP) Systems; Final Rule (also 
known as the "Mega Reg"). Counts incubated at 25 
and 30°C on Petrifilm were similar and were 0.5 log 
and 0.8 log higher (beef and sheep carcasses, respec
tively) than counts on Petrlfilms incubated at 35°C 
(P < 0.05). Counts obtained on pour plates incubated 
at 25 and 30°C counts were similar but slightly lower 
than those on Petrifilm at the same temperatures. 
The work has value in aligning databases both within 
Australia and Internationally where it is noted that in 
the USA plates are incubated at 35°C and In New 
Zealand where plates are Incubated at 30°C. 

F-RNA Coliphages as a Potential Model 
Organism for Enteric Viruses of Animal 
Origin 
TINEKE H.JONES and MichaelVV.Johns, 
Agriculture and Agri-Food Canada, 6000 C 

& ETrail, Lacombe,AB T4L IWI, Canada 

lntroduction:There are increasing concerns 
of zoonotic transmission of some animal enteric 
viruses which are closely related to human pathogenic 
strains. Male specific (F+) RNA coliphages, considered 
a potential model organism for enteric viruses, are 
part of the mammalian gut flora, are cultivable and 
have similar survival characteristics but currently 
there is little information on the contamination of 
carcasses with F-RNA coliphage and their genotypes. 

Purpose: The purpose of this study was to assess 
the frequency and levels of contamination of hog 
carcasses with F-RNA collphages and their genotypes 
throughout the dressing process. 

Methods: Using a direct standard double agar 
plating method, F-RNA coliphages were enumerated 
from fecal samples obtained from the large intestine 
and swab samples obtained from the anal area or 
random sites of 96 hog carcasses at four points along 
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the dressing line at a research abbatoir. From each 
positive sample, representative F-RNA plaques were 
isolated, confirmed, and differentiated Into genogroups 
using a duplex RT-PCR assay. 

Results: F-RNA phage were recovered from 43% 
fecal samples at levels of I 02- I 05 plaque forming units 
(PFU)/g and from 35% or 25% of anal or random sites, 
respectively, before and after evisceration at I 01-103 

PFU/ I 00 cm 2. The frequency and recovered numbers 
of F-RNA coliphage remained similar after carcass 
pasteurization or washing. For RT-PCR assays of 
isolates from fecal samples, 66%, 7% or 17% were 
positive for levlviruses, allolevivlruses, or both, 
respectively. For I 0% or 8% of fecal or random 
samples, respectively, an RT-PCR product was not 
obtained. About 69% or 23% of positive random 
samples contained leviviruses only or both leviviruses 
and alloleviruses, respectively, while all positive 
samples from the anal area were leviviruses. 

Significance: These findings suggest that larger 
scale studies of carcass contamination with F-RNA 
collphages are warranted to determine their potential 
as a model organism for enteric viruses. 

Multiplex Polymerase Chain Reaction 
Assays for Screening Virulence Genes of 
Campylobacter jejuni Strains Isolated from 
Processed Broilers 

SYEDA K. HUSSAIN and Omar A. Oyarzabal, 
Auburn University, 30 I B Poultry Science Bldg., 
260 Lem Morrison Drive, Auburn, AL 36849, 
USA 

Introduction: C.Jejuni is the most important cause 
of campylobacteriosis, a common Intestinal disorder 
in humans. Campylobacteriosis can be caused by the 
consumption of uncooked chicken. 

Purpose:The purpose of this study was to develop 
a series of multiplex polymerase chain reaction (PCR) 
assays to identify the virulence genes of C.Jejuni 
strains collected from processed carcasses at different 
broiler processing facilities. Genes that are associated 
with colonization and infectivity were chosen for this 
study. 

Methods: DNA was isolated and tested with PCR 
assays for the presence of flhB, flagellar protein 
biosynthesis and export gene; flgB, flagellar basal body 
protein synthesis gene; flgE2, flagellar hook protein 
gene; docA, colonization and infectivity gene; cdtA, 
a gene whose product makes the eukaryotic cells to 
be blocked in either G2 or early M phase. Published 
primers were used to design the PCR assays. 

Resu/ts:Thlrty-six C.jejuni Isolates from one 
processing plant were positive for the presence of 
flhB, flgB, flgE2 and cdtA genes, but were negative for 
docA gene. Fifty-eight C.jejuni isolates obtained from 
another poultry processing plant were positive for 
all these genes, including docA. Multiplex PCR assays 
were successfully designed for the following gene 
combinations, flgB, docA and flhB; flgB, flhB and cdtA; 
and flgB, docA, cdtA. These assays have a similar 
annealing temperatures. 

Significance:This study will result in a series 
of multiplex PCR assay for rapid identification of 
virulence genes of C. jejuni, and will provide insights 
into the distribution pattern of these genes In C.jejuni 
strains Isolated from processed broilers. 
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Pl-66 Enrichment Media and Protocol Compari
son for the Rapid Detection of Salmonella 
in Poultry Carcass Rinses 

Pl-67 

JINGKUN LI, Mark Muldoon, and Jim Stave, 
Strategic Diagnostics, Inc., 128 Sandy Drive, 

Newark, DE 19713, USA 

Enrichment media and protocol has been 
demonstrated as an integral part of the rapid 
detection method for foodborne pathogens.The effect 
of resuscitation and productivity of the enrichment 
directly determines the result of rapid detection tests, 
hence, the method sensitivity and specificity. The 
recently launched RapidChek® SELECT™ Salmonella 
test kit includes phage supplemented primary media 
and no-supplement secondary media, and the 
protocol Is a single transfer for the whole method. 
The primary media showed strong selectivity against 
growth competitors like Citrobacter, Klebsiella, and 
E.coli, and the secondary media produced at least two 
log higher counts of Salmonella than tetrathionate 
broth, Hajna {TTh) after overnight growth with initial 
~10 cells.These media and protocol were compared 
with reference cultural media, I.e., buffered peptone 
water, TTh, for Salmonella enrichment in poultry 
carcass rinses, as detected either by cultural streaking 
method, automated immunoassay, or lateral flow 
immunoassay. For each method, a total of 627 carcass 
rinse samples have been tested, including 280 whole 
bird rinses, 75 spiked rinses and 272 customers' 
samples.The RapldChek® method reported 130 
confirmed positives, with a sensitivity and specificity of 
99% each, while the reference method and automated 
ELISA method reported 116 positives in total.The 
superior performance of the new test kit, plus its 
simplicity and ease of use, provides a strong solution 
for Salmonella testing in carcass rinse samples for food 
safety and HACCP purposes. 

Incidence of Campylobacter from Post
chill Poultry Carcass Rinse Samples by 
Improved Enrichment Methodologies 
from a Processing Plant Over a Three-day 
Sampling Period 

L.JASON RICHARDSON, J. Stan Bailey, Nelson 

Cox, Mark Harrison, and Julian Cox, USDA-ARS

PMSRU, Russell Research Center, 950 College 

Station Road,Athens, GA 30605, USA 

Introduction: Numerous studies have been con
ducted to improve enrichment procedures to recover 
injured or stressed Campylobacter cells. Recent stud
ies have shown that utilizlngTECRA enrichment broth 
and modifying the standard procedure can increase 
the number of positive poultry rinse samples. 

Purpose: The purpose of this study was to eval
uate TECRA and Bolton's enrichment procedures with 
samples believed to harbor injured, stressed or low 
levels of cells. 

Methods: Post-chill carcass rinses (n = 150) were 
obtained from a commercial processing facility. Fifty 
carcasses were pulled from the processing line over 
two eight-hour processing shifts on each of three 
consecutive days and rinsed with I 00 ml buffered 
peptone. Several TECRA and Bolton's enrichment 

procedures where evaluated along with direct plating 
for recovery of Campylobacter. After 7 days kept at 
4'C, the positive rinses were re-evaluated by the 
bestTECRA and Bolton's enrichment method to 
determine whether Campylobacter could still be 
recovered. 

Results: Overall, 24/ I 50 samples from direct 
plating and 86/149 enrichment samples were positive 
for Campylobacter. TECRA broth with delayed addition 
of antibiotics and reduced temperature for 5 h and 
Incorporation of Campy-gas resulted In the greatest 
number of positive samples at 74/149. Bolton's pro
cedure with Campy-gas resulted In 46/149 positives. 
The least effective procedure was Bolton's without 
gas where only 12/ 149 samples were positive. The 
bestTECRA and Bolton's enrichment procedures 
recovered 13 and 2 respectively from 86 confirmed 
positive rinse samples which were stored at 4'C for 
7 days. 

Significance: The incorporation of Campy-gas into 
the procedures and delayed addition of antibiotics in 
TECRA had the greatest positive effect on recovery 
of Campylobacter. The value of a more sensitive 
enrichment procedure was best seen after refrigera
tion stressed where 13 of 86 samples were positive 
using the bestTECRA procedure compared to only 
2 of 86 with the best used Bolton's procedure. 

Pl-68 Efficacy of Several Enrichment Proced
ures UtilizingTECRA and Bolton's Broth 
for Recovery of Campylobacter from 
Commercial Poultry Carcass Rinse 
Samples 

L.JASON RICHARDSON,J. Stan Bailey, Nelson 
Cox, Mark Harrison, and Julian Cox, USDA-ARS
PMSRU, Russell Research Center, 950 College 
Station Road,Athens, GA 30605, USA 

Introduction: Improvements in the cultural 
recovery methods for Campylobacter are essential to 
accurately assess the epidemiology and ecology of this 
organism in poultry. In a preliminary study, signifi
cantly more Campylobacter were recovered from 
poultry carcasses with TECRA broth than with 
Bolton's broth. 

Purpose: The purpose of this study was to (I) 
compare recovery of Campylobacter from poultry 
carcass rinse by direct plating and enrichment In 
TECRA and Bolton's broth and (2) compare delayed 
addition of antibiotics, incubation temperature, 
modified atmosphere, and combinations of the three 
for recovery of Campylobacter from post-pick and 
post-chill poultry carcass rinse samples. 

Methods: Post-pick and post-chill carcass rinses 
(n = 198) were obtained from 20 different processing 
plants. A matrix was set up to asses five different 
Bolton's enrichment procedures and eight different 
TECRA enrichment procedures on recovery of 
Campylobacter. From each carcass rinse samples, an 
aliquot (5 ml) was placed into 45 ml of enrichment 
broth (this was performed on all 13 different enrich
ment procedures). After incubation, an aliquot was 
streaked from the enrichment onto Campy-Cefex 
plates and standard laboratory procedures performed. 
In addition, direct plating Including the zero dilution 
was performed on all carcass rinse samples. 

Journal of Food Protection Supplement A - 164 
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Results: From direct plating, 50/ I 00 post-pick 

and 4/98 post-chill rinse samples were positive for 

Campylobacter. The delayed addition of antibiotics 

combined with reduced incubation temperature for 

5 h in Campy-gas all contributed to increased 

recovery of Campylobaeter from TECRA enrichment 

broth. The bestTECRA enrichment procedure 

recovered 80/100 post-pick and 38/98 post-chill 

positive samples.The best Bolton's enrichment 

procedure recovered 72/100 post-pick and 37/98 

post-chill positive samples. 
Signipcance: The utilization of delayed addition of 

antibiotics with incubation under Campy-gas had the 

greatest effect on Improved recovery of Campylobacter 
cells from rinse samples utilizingTECRA, while delayed 

addition of antibiotics and reduced temperature had 

a negative effect on recovery from Bolton's. Direct 

plating was not a reliable method to determine 

qualitatively the number of samples positive for 

Campylobacter. 

An Enumeration Method and Sampling 
Plan for Mapping the Number and Dist
ribution of Salmonella on the Chicken 
Carcass 

THOMAS OSCAR, USDA-ARS, Room 21 I I, 

Center for Food Science and Technology, 

University of Maryland Eastern Shore, Princess 

Anne, MD 21830, USA 

Knowledge of the number and distribution of 
pathogens on foods will improve food safety by 
allowing better assessment and management of this 
important risk to human health. However, knowledge 
of food pathogen ecology and its response to food 
production and processing practices Is limited. Con
sequently, a selective plating media with multiple 
antibiotics (XLH-CATS) and a multiple drug resistant 

(MDR) strain of SalmonellaTyphimurium DTI04 were 
used to develop an enumeration method and sampling 
plan for mapping the number and distribution of 
Salmonella on young chickens in the Cornish game 
hen class. The enumeration method was based on the 
concept that the time to detection on XLH-CATS 
during incubation of chicken parts in buffered peptone 
water (BPW) is inversely related to the initial log 
number (No) of Salmonella. The sampling plan for 
mapping Involved dividing the chicken into 12 parts 

that ranged in average size from 42 to 80 g. To 
develop the enumeration method, the parts were spot 
inoculated with O to 6 log CFU of the MDR strain of 
DT I 04 followed by Incubation In 300 ml of BPW and 
detection on XLH-CATS. An inverse relationship 
between detection time (DT) on XLH-CATS and log 
No was found: DT (h) = 7.72- (0.973*N

0
); R2 = 0.968. 

Type and size of chicken part and brand of chicken 
did not alter (P > 0.05) the linear relationship bet
ween DT and N

0
• Because DT was variable within N

0 

among chickens (n = 12), the final linear equation for 
enumeration included a 95% prediction interval that 
provided stochastic results for N

0
• The enumeration 

method and sampling plan will be used in future 
studies to map changes in the number and distribution 
of Salmonella on young chickens fed the MDR strain 
and subjected to different production and processing 

practices. 
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P2-70 Carcass Mapping StudyThat Investigates 
Microbial Contamination throughout the 
Slaughter and Fabrication Process 

CORRI L. REKOW, M. F. Miller, J.C. Brooks, 

and M. M. Brashears,Texas Tech University, 

Box 42141, Lubbock, TX 79409, USA 

Introduction: Escherichia coli O I 57:H7 Is the cause 
of severe bloody diarrhea and hemolytic uremic 

syndrome (HUS) In humans. Cattle are the primary 
reservoir of this pathogen and meat is contaminated 
during slaughter primarily from the hides of the 
animals. Understanding sources of the contamination 
is important to control this pathogen. 

Purpose: To determine sources of carcass cont
amination from the hides of incoming cattle and to 
determine points of cross contamination to or from 
equipment and the environment. 

Methods: A total of three carcasses/hour were 
tested during the course of the processing day for 
three days/week during three weeks in a commercial 
abbatoir. Hides were sampled and carcasses were 

sampled at pre-evisceration; also, separate carcasses 

were sampled at the shanks, neck, mldline, and round 

before entering the cooler. All samples were analyzed 

for the presence of E.coli O I 57:H7. 
Results: A total of 229 of 2039 samples collected 

on the carcasses were positive for E. coll O 157 

( 11.23%) and 79 of 127 hide samples were positive 

(62.2%). All samples were collected during the month 

of August when prevalence is traditionally high. Of all 

sampling locations, the Inside round samples had the 

highest number of positives followed by the fore 

shanks and then the hind shanks. These three sampl

ing locations accounted for more than 60% of all 

positive carcass samples. Very few positive samples 

were recovered from the neck or midline. 
Slgnipcance: An understanding of the distribution 

of E.coli O 157 on the carcasses of beef cattle during 
slaughter can assist the industry in Implementing 
targeted interventions for control of this pathogen. 

P2-7 I Analysis of Pathogen Control Perfor
mance in United States Broiler Slaughter 
Plants 

MARY K. MUTH, Mansour Fahimi, and Shawn A 
Karns, RTI International, 3040 Cornwallis Road, 

Research Triangle Park, NC 27709-2194, USA 

Introduction: Salmonella test results provide 
a measure of pathogen control in meat and poultry 
produced at slaughter and processing plants. Using 
data from a USDA/FSIS-sponsored survey of broiler 
slaughter plant inspections, Salmonella test results, and 
other plant characteristics, potential factors affecting 
pathogen control were investigated. 

Purpose:The purpose of this study was to 
conduct independent statistical analyses to identify 
key characteristics of broiler slaughter plants 
associated with pathogen control as measured by 
Salmonella test results. 

Methods:The analysis dataset Includes information 
on 153 federally inspected broiler slaughter plants, of 
which I I I failed half the performance standard for 
Salmonella at least once from 2003 though 2005. 
Exploratory data analysis techniques were used to 
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Identify key predictors of pathogen control perfor
mance. Emerging predictors were factor analyzed to 
identify latent determinants of pathogen control 
performance, the relative Importance of which was 
estimated using logistic regression, with Salmonella 
test results serving as the binary dependent variable. 

Results: Plants with a greater percentage of 
production space over 20 years of age are 3.1 times 
more likely to fall half the performance standard.All 
plants with younger production space but that have a 
sanitation inspection failure rate greater than 5% and 
that do not use chemical sanitizers failed. Further 
analyses reveal that latent factors related to pathogen 
control performance Include plant size, level of quality 
assurance and training, extent of inspection noncom
pliance, purchases of raw poultry inputs, and age of 
production space.While plants with higher inspection 
noncompliance rates and older production space are 
significantly more likely to fail (odds ratios= I .4), 
those that purchase raw poultry inputs are less likely 
to fall (odds ratio= 0.7). 

Significance: Identification of characteristics of 
broiler slaughter plants that affect pathogen control 
provides useful information, particularly as it relates to 
possible merits of a risk-based inspection system. 

P2-72 The Effects of Non-intervention HACCP 
on Microbial Levels on Bovine and Porcine 
Carcasses atAbattoir 

IVAN NASTASIJEVIC, Radmila Mitrovic, and 
Sava Bunclc, Institute of Meat Hygiene and 
Technology, Kacanskog 13, Belgrade, I I 000, 

Serbia 

lntroduction:Whether non-intervention Hazard 
Analysis Critical Control Points (HACCP) is really 
effective in Improving microbial status of carcasses is 
still being debated.To answer such a question, 
microbial levels on carcasses before and after HACCP 
must be compared.This Is difficult, because available 
data on standardized microbiological testing of 
carcasses, in most countries including within the EU, 
relate to post-HACCP-lmplementatlon only; compa
rable pre-HACCP data are scarce. In Serbia, such 
comparisons are still possible, as HACCP implementa
tion in abattoirs started recently. 

Purpose:The aim of this study was to compare 
microbial status of carcasses, determined In the same 
manner, before and after HACCP implementation so 
to assess its actual effectiveness. 

Methods:Total of 2,880 samples (960 before and 
1,920 after HACCP implementation) from dressed 
carcasses at two slaughter lines (for cattle and pigs) 
at a single abattoir was investigated.The sampling sites 
on carcasses (4 per carcass), sampling technique 
(wet-dry swabs), and microbiological methods for 
Total Viable Count (TVC) and Enterobacteriaceae 
count (EC) were all as described in EU Commission 
Decisions 471/2001/EC and 2073/2005/EC.The results 
were compared usingANOVA (SPSS package). 

Results: During a period following the HACCP 
Implementation, average TVC (log CFU/cm2) on 
bovine and porcine carcasses decreased (from 
P < 0.02 to P < 0.00 I), compared with a period before 

the HACCP implementation.The average reductions, 
depending on the site of the carcass, ranged between 
0.9 and 1.5 log/cm2 on bovine carcasses, and between 
0.9 and 2.0 on porcine carcasses. No significant 
differences in EC were oberved, mainly because a 
large number of samples did not contain detectable 
Enterobacteriaceae. 

Signif,cance:These results suggest that non-Inter
vention HACCP has potential for significant improve
ment of process hygiene of red meat abattoirs. 

P2-73 Regulatory Monitoring for Campylobacter 
in Chickens and on Poultry Meat in New 
Zealand 

ROGER COOK, Peter van der Logt, Sharon 
Wagener, Gail Mustor, and Steve Hathaway, New 
Zealand Food Safety Authority, 86 Jervois Quay, 
Wellington, 60 I I, New Zealand 

Introduction: Since campylobacteriosis was first 
made a notifiable disease in New Zealand (NZ) in 
1980, the reported annual rate has risen steadily to 
370 per I 00,000 (2005). In response to this high 
public health burden, NZFSA has developed a 
comprehensive risk-based regulatory strategy that 
involves monitoring of Campylobacter levels through
out the food chain, scientific evaluation of a range of 
control measures, and human epidemiological studies. 
Scientific work involves development of risk assess
ment models that are primarily focused on poultry 
as the predominant source of Infection. 

Purpose: In order to assess the effectiveness of 
risk mitigation strategies implemented on-farm and 
during processing, NZFSA has Implemented ongoing 
national regulatory programs operated under the 
current National Microbiological Database (NMD) 
broiler program. 

Method: The prevalence of Campylobacter In 
poultry flocks is monitored on a daily basis by 
sampling, immediately before evisceration, caeca from 
IO birds of each cut (pooled for plating to mCCDA) 
presented to all broiler slaughterhouses.The preva
lence and counts of Campylobacter on broiler 
carcasses Is monitored by randomly sampling two 
carcasses each day by each processor immediately 
after Immersion chilling and decontamination wash 
(if used). Rinse samples are plated to mCCDA. 

Results: Data collected to June 2007 and main
tained In the NMD databases administered by NZFSA 
will be presented. 

Signl(tcance: Monitoring flock prevalence and 
carcass contamination, with the added advantage of 
quantification of numbers on carcasses, provides 
detailed information on Campylobacter contamination 
rates entering and leaving slaughterhouses, and the 
risk factors associated with high rates.This data will 
be used to validate risk models and the effectiveness 
of any on-farm and processing controls that are 
Implemented. 

P2-74 Assessment of Cooking Instructions on 
Labels of Retail, Frozen Ground Beef 
Patties 

SANDRA M. MCCURDY and Katrina Finley, 
University of Idaho, I 03C Niccolls Bldg., P.O. 
Box 443183, Moscow, ID 83844-3183, USA 

Journal of Food Protection Supplement A - 166 
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When consumers cook raw, frozen ground beef 

patties according to the label preparation Instructions, 

they expect the resulting cooked patty to be patho
gen-free. This study evaluated the cooking instructions 

on retail packages of frozen ground beef patties to 
assess whether the heating times (and temperatures, 

when given), applied using consumer cook conditions, 

would produce patties that are heated to the safe 
internal temperature of 71.1 'C ( I 60'F). Cooking 
instructions on packages of frozen ground beef patties 

were observed and recorded at 16 retail stores in 
four western states. Frozen patties were cooked using 

consumer conditions.Variables included initial 
temperature of the frozen patty, pre-heating of the 

pan, cooking temperature, and time/frequency of 
turnover.The patty internal temperature was 
measured with five beaded wire, type K thermo

couples (TC), located in the center and in each 
quadrant of the patty, held in a device that inserted 

the TC tip to one-half the patty thickness.All package 
labels included Safe Handling Instructions, as required, 

and most recommended cooking to I 60'F. Recom
mended cooking time, when provided, varied from 1.5 

to 9 min per side.The average time required to cook 
a frozen (-1 S'C), 112 g patty to 71.1 ·c (as registered 

on all five TCs) was IO min IO s when the pan was 
pre-heated to I 49°C (medium stove burner setting) 

and the patty turned once. Starting with a 2o·c pan 
increased average cook time to I I min 25 s. Starting 

with a - I 2'C patty did not affect cook time. A 
medium-low ( I 07°C) burner setting Increased cook 

time, while a medium-high (204°C) setting decreased 
It. An average of I 2°C difference was observed 

between the highest and lowest TC; the coldest spot 

was not always In the middle. Cooking time on labels 
of some of the frozen ground beef packages was 
inadequate to heat the frozen patty to 71.1 ·c 

throughout.These data suggest that some manufact
urers of frozen ground beef patties need to revise the 
cooking instructions printed on their labels. 

P2-75 Food Safety and Inspection Service 
Strategy to Reduce Salmonella 
Contamination of Broilers 

DENISE EBLEN, Patricia Bennett, Amy 

Chanlongbutra, Robert Umholtz, and Sean 

Altekruse, USDA-FSIS, 1400 Independence Ave., 

Aerospace 344,Washlngton, D.C. 20250, USA 

In 2005 the annual incidence of human salmonel
losls In FoodNet sites was 14.5 cases per I 00,000 
people. This exceeds the Healthy People 20 I 0 
objective of 6.8 per I 00,000. The FSIS Salmonella 
verification program monitors Industry progress 
toward pathogen reduction. Early In the program, 
from 1998 though 2000, about I 0% of broiler rinse 
samples tested positive for Salmonella, before peaking 
at 16% in 2005. In February 2006, In response to these 
increases, FSIS announced changes In its Salmonella 
enforcement strategy, refocusing resources towards 
establishments with the most positive Salmonella tests, 
particularly those with elevated numbers of serotypes 
associated with human illness. In addition, FSIS now 
closely monitors Salmonella serotype and pulsed-field
gel-electrophoresis patterns to strengthen attribution 

167 - Journal of Food Protection Supplement A 

of illness to specific products. From June though 
October 2006, the predominant serotype identified in 
630 Salmonella-positive broiler samples was Kentucky 
(52%), a serotype not commonly associated with 
human illness. Common human-illness serotypes 
identified included Heidelberg ( 13%), Enteritidis ( 12%), 
Typhimurium (6%), and 4, 5, 12:i (4%). FSIS aims to 
have 90% of broiler establishments In Category I (i.e., 
six or fewer Salmonella positive tests per 51 samples 
collected on two consecutive sets) and the program 
will be reviewed In mid-2007 to consider if added 
measures for enhanced performance are needed. Six 
months into the program, 45% of broiler establish
ments were in Category I, up from 35% at program 
initiation.These initial results indicate that the pro
gram is demonstrating success In aiding the US broiler 
industry to make progress toward prevention of 
human salmonellosis. 

P2-76 Pathogen Control Strategies Used by 
United States Meat and Poultry Process
ing Plants 

CATHERINE L.VIATOR, Sheryl C. Cates, Shawn 

A. Karns, and Mary K. Muth, RTI International, 

3040 Cornwallis Road, Research Triangle Park, 

NC 27709, USA 

Introduction: In 2003, USDA's Food Safety and 
Inspection Service passed a final rule requiring 
establishments that produce Ready-to-Eat (RTE) meat 
and poultry products to perform additional steps in 
controlling Listeria monocytogenes. Processing plants 
may have implemented pathogen-control practices 
and other food safety practices in response to the 
rule. 

Purpose:The purpose of this study was to learn 
about the steps used to control Listeria and other 
pathogens in processed meat and poultry products 
and other food safety practices. 

Methods:We conducted a nationally representa
tive mail survey of processing plants.We received 944 
completed surveys (66% response rate). The survey 
collected information on sanitation practices, use of 
food safety technologies, and microbiological testing. 

Results: Plants employ a variety of sanitation and 
other food safety practices to control Listeria and 
other pathogens. Most plants sanitize hand tools 
during operations (89%) and treat drains with 

sanitizers for pathogen control (84%).About 25% of 
plants have food safety audits by Independent auditors 

or by their corporate headquarters. About 64% of 
plants stipulate practices for controlling pathogens in 

purchase specifications for raw meat and poultry. 
However, less than one-third of plants apply antimi
crobial chemicals or use conveyor belts made of 
materials designed to prevent bacterial growth. About 

70% of plants conduct microbiological testing and 
environmental sampling. For plants conducting 
environmental sampling, 84% test for Listeria species 

on a routine basis. In general, large and small plants 
are more likely to use many types of food safety 
practices and technologies as compared to very small 

plants (P < 0.0 I), 
Significance: Study findings can be used to 

establish a baseline of current Industry practices and 
analysis of food safety risk management practices. 
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Educational Needs of United States 
Cattle Producers Regarding Pre-harvest 
Food Safety Interventions 
LAURA LEMONS, Michel Todd Brashears, 
Moriah Jennings, Guy Loneragan, and Mindy 
Brashears,Texas Tech University, P.O. Box 42141, 
Lubbock,TX 79409, USA 

Introduction: Food safety is an important issue 
facing the beef cattle Industry Beef cattle are a 
reservoir of E.coli O I 57:H7; therefore, food scientists 
have developed interventions to reduce the preva
lence of E.coli O I 57:H7 In live beef cattle prior to 
slaughter. 

Purpose: Interventions are available to cattle 
producers to aid in reducing the prevalence of 
E. coll O I 57:H7 at the feedlot. In order to promote 
the adoption/diffusion processes, it is imperative to 
understand the knowledge level held by the cattle 
producers. Once this knowledge level is ascertained, 
educational materials can be created to target 
educational gaps. 

Methods: Three hundred ninety-one cattle 
producers were surveyed at the 2006 National 
Cattleman's Beef Association conference in Denver, 
Colorado. Questions regarding specific interventions 
were addressed. Respondents provided feedback on 
both Importance and knowledge of each intervention. 
Each item was plotted and matrix analysis was used to 
determine the level of educational need. 

Resu/ts:Two interventions (vaccines and direct-fed 
microbials) were determined to be "Successful Pro
grams" while three (neomycin sulfate, sodium chlorate 
and seaweed/Tasco) were determined to be "Low
Level Needs:' No programs were determined to be 
"Critical Need" from an education standpoint. 
Demographic information on the cattle producing 
population was reported. Preferred delivery methods 
were trade magazines, Internet, and radio broadcasts. 

Significance:The successful programs should be 
monitored to ensure continued success. For all three 
of the low-level needs, the mean for importance was 
consistently higher than self-perceived knowledge. 
While these interventions do not require immediate 
education materials to be developed, they will require 
action at a later time. Researchers recommend that 
materials for pre-harvest food safety be focused on 
increasing knowledge for these interventions while 
maintaining educational efforts for the successful 
programs. 

Effects of Acid and Cold Stresses on 
Cell Structure and Growth Kinetics 
of Salmonella Typhimurium in Broth 
during Storage at IO and 24°C 

YANG JIN JUNG, Kyung J. Min, and Ki. S. Yoon, 
Kyung Hee University, Dept. of Food and 
Nutrition, I Hoegi-Dong, Dongdaemun-Ku, 
130-70 I Seoul, South Korea 

S. Typhlmurium cells face mild stresses, such as 
acid, chilling, and freezing during poultry processing 
and storage. Resistance to these stresses and ability 
to repair their injuries during storage may affect the 

P2-79 

safety of poultry products and human health. The 
objectives of this study were to investigate growth 
kinetics of sublethally stressed S.Typhimurium In broth 
at IO and 24°C and to examine the morphological 
change of injured and repaired cells using transmission 
electron microscopy (TEM). S.Typhlmurium (ATCC 
1331 I) cells were stressed with lactic or acetic acids 
(0.3, 0.5%) for IO min, chilled (TC) and subjected to 
freezing temperatures (-20°C) for I day, respectively. 
Unstressed, stressed and repaired cells were centri
fuged. The collected pellets were fixed with glutaralde
hyde for TEM examination. Lag time (LT), specific 
growth rate (SGR), and maximum population density 
(MPD) of each growth curve were compared. Expos
ure to acid and -20°C injured S.Typhimurlum cells 
over 90%, while 54% of cells was injured at TC chilled 
temperature. LT and MPD were mainly affected by the 
method and magnitude of applied stress at both I 0 
and 24"C.At I o·c, LT of stressed cells by 0.5% acetic 
acid was extended up to 12 days, while LT of stressed 
cells by TC and -20°C storage temperatures were 3.2 
and 6.8 days, respectively. However, SGR was not 
affected at all by the method of applied stress, except 
for 0.5% lactic acid, where stressed cells did not repair 
their injury and died off after 4 days of storage at 
I0"C.These results indicate that growth kinetics of 
injured cells was mainly affected by lower storage 
temperature ( I 0°C) after sub lethal stress. On TEM 
mlcrographs, most of the stressed cells lost their 
cellular integrity and membranes partially, whereas 
both dead and doubling cells were observed after 
recovery at 30°C for 12 h. 

Impact of Product Temperature on 
Quantitative Transfer of Listeria mono
cytogenes during Commercial Slicing 
of Deli Ham 

ZHINONGYAN, Ewen C.D.Todd,and Elliot 
T. Ryser, Michigan State University, 323 G. M. 
Trout Bldg., East Lansing, Ml 48824, USA 

Listeria monocytogenes remains more prevalent in 
deli-sliced than in pre-packaged luncheon meats, with 
the Impact of retail slicing habits on L monocytogenes 
transfer still not well understood.To assess this 
problem, a 6-strain L monocytogenes cocktail was 
inoculated onto the blade of a commercial Hobart 
delicatessen slicer (Model 2612) by slicing a surface
inoculated ham chub ( I 06 CFU/cm2

) to yield ~ I 03 

CFU on the first slice.After tempering ham chubs 
to 4 and 22°C, a total of I 00 consecutive slices was 
obtained. The first 25 slices were individually diluted 
I :5 in UVM and homogenized, after which 5-ml 
aliquots were pour-plated in duplicate using 25 ml 
of MOX agar.The remaining UVM-diluted samples 
were enriched (30°C/24 h) and streaked to MOX for 
confirmation when Listeria was below the detectable 
limit of IO CFU/slice. Slices 26-100 were composited 
Into 15 sets of 5 slices, stored at 4°C for 5 days and 
then enriched for Listeria. After slicing, different loc
ations of the slicer were also quantitatively examined 
for Listeria using our I -ply composite tissue sampling 
method. Each experiment was replicated 5 times. For 
the first 25 slices, greater Listeria transfer (P < 0.05) 
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occurred when ham was sliced at 22 rather than 4'C. 

Thereafter, 96% and 98.7% of the composited samples 

for slices 26 -100 obtained at 4 and 22'C subse

quently yielded Listeria by enrichment, respectively; 

Listeria was detected in the last composited sample at 

both slicing temperatures. Although all tested surfaces 

on the slicer yielded Listeria after slicing, the collection 

table, back plate, and guard back were most heavily 

contaminated, with greater transfer when slicing 

product at 22 than 4'C.These findings indicate that 

product temperature plays an important role in 

Listeria transfer during retail slicing, and that the 

collection table, guard back, and back plate need to be 

specifically targeted for cleaning/sanitizing after slicing. 

P2-80 Inactivated Autogenous Trivalent 
Salmonella Vaccine Used in Commercial 
Poultry Breeders for the Control 
of Salmonella Colonization 

ANTHONY PAVIC, Peter Groves, and Julian 

Cox, BirlingAvian Laboratories, P.O. Box 111, 

Bringelly, NSW, 2171, Australia 

Introduction: Colonization of commercial poultry 
with Salmonella can result in human infection through 
the food chain. The use of single or dual serovar 
vaccination to control Salmonella colonization is well 
documented, while use of an inactivated trivalent 

vaccine Is unreported. 
Purpose:The objective of this study was to 

develop and use a trivalent vaccine with other 
intervention strategies to reduce the prevalence of 
Salmonella in commercial breeder flocks and provide 
maternal protection to the progeny. 

Method:An inactivated vaccine was produced 
using serovarsTyphimurlum, Mbandaka and Orion, 
prevalent in commercial poultry in Australia. The 
efficiency of the trivalent vaccine was first determined 
using controlled trials that assessed protection of 
adult hens from colonization by serovars used In the 

vaccine. Each trial used 50 vaccinated and 50 non
vaccinated 20-week-old commercial Cobb hens. 
At set intervals, the hens were bled to test for anti
Salmonella antibodies and cloacal swabs taken to test 
for the presence of Salmonella. The results were 
analyzed statistically In a contingency table.The field 
trials compared the presence of Salmonella on an 
individual shed basis in all poultry breeder farms. 
Prevalence was determined using drag swab analysis 
and the serovar profile was plotted over time 
(months).The field data was analyzed using historical 
controls. 

Results: In the controlled trials, there were 
significant differences In colonization rate (Fisher 
exact P < 0.05) and anti-Salmonellae antibodies 
(Student t-test P < 0.05) between vaccinated and 
non-vaccinated birds.The field trial data revealed a 
decrease in prevalence from 50% prior to vaccination 
to 40% post-vaccination. Flock age-based analysis 
demonstrated a decrease in prevalence in all groups 
compared to pre-vaccination. A change in the profile 
of salmonellae isolated from breeder flocks was 
observed after vaccination. 

Significance: Based on this study, the trivalent 
vaccine has been incorporated into an integrated 
Salmonella control strategy. 
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Pl-0 I A Decline in the Proportion of Foodborne 
Outbreaks with Undetermined Etiology 
Following Increased Specimen Collection 
and More Rapid Investigation: FoodNet 
2001-2005 

IDA E. ROSENBLUM, Due J. Vugia, Alicia 

Cronquist, Quyen Phan, Cindy Burnett, Kristin 

Larson, Ellen Swanson, David Nicholas,William 

E. Keene, Michael Lynch,Timothy F. Jones, and 

Patrick McCarthy, Atlanta Research Education 

Foundation and CDC, 1600 Clifton Road, 

Atlanta, GA 30333, USA 

Introduction: Outbreak investigations are vital for 
understanding the epidemiology of foodborne disease 
and identifying previously unrecognized foodborne 
pathogens.Adequate specimen collection and prompt 
investigation are important factors for determining an 
etiology during an outbreak investigation. 

Methods:We analyzed data from CDC's national 
electronic Foodborne Outbreak Reporting System 

(eFORS) and supplemental outbreak forms completed 
by states participating in the Foodborne Diseases 
Active Surveillance Network (FoodNet) from 2001-
2005 to assess the barriers to determining an 
outbreak etiology. 

Results:There were 518 outbreaks reported to 
eFORS 2001-2002, 83% with a completed supplemen

tal form.There were 689 outbreaks reported from 

2003-2005; 85% with a supplemental form. The pro

portion of outbreaks with an undetermined etiology 

decreased from 21% in 2001-2002 to 12% in 2003-

2005 (P < .00 I). During these two time periods, the 

percentage of outbreaks with >2 human stool speci

mens screened for bacterial pathogens or norovlrus 

increased from 56% to 76% (P value <.00 I), and the 

mean number of specimens submitted per outbreak 

increased from 7.5 to 12 (P < .05). The proportion of 

outbreaks investigated within one week of first illness 

onset increased from 44% to 62% (P < .00 I) between 

the two time periods. 
Conclusion: Between 2001-2002 and 2003-2005, 

an increase in the number of stool specimens collect

ed, and a decrease in the time lag between illness 

onset and initiation of health department investigation, 

was accompanied by a corresponding decrease in 

the number of outbreaks of undetermined etiology. 

These data demonstrate that specimen collection 

and prompt Investigation are important factors for 

determining an etiology during an outbreak Invest
igation and should be encouraged. 

Pl-02 Outbreaks by the Numbers: Viruses 

Caroline Smith DeWaal and FARIDA BHUIYA, 

Center for Science in the Public Interest, 1875 

Connecticut Ave. NW, Suite 300,Washington, 

D.C. 20009, USA 

Viruses account for 23% (n = 1138/5000) 

of reported foodborne illness outbreaks with an 

identified food source from 1990 to 2004, according 

to data from the Center for Science In the Public 

Interest.This compares with 61 % (n = 3065) linked to 

pathogenic bacteria, 15% (n = 733) linked to cheml-
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cals, and I% linked to parasites (n = 63). Due to better 
data collection and improved laboratory detection, 
viruses have been growing as a reported cause of 
outbreaks. For example, in the years 1990-1997, 
viruses were linked to 7.3% (n = 110/ 1515) of the 
foodborne illness outbreaks with known or suspected 
pathogen and identified food. Between 1998 and 2004, 
they constituted 29.5% of such outbreaks (n = I 029/ 
3485). Norovirus alone Is responsible for 88% (n = 
I 002/ I 138) of virus outbreaks and 20% (n = I 002/ 
5000) of all foodborne Illness outbreaks. Hepatitis A 
and unspecified viruses account for the remainder 
of virus outbreaks. Most virus outbreaks occur in 
restaurants (44%, n = 508) and private homes ( 13%, 
n = 144). Most virus outbreaks involve multi-ingredient 
foods or produce. Multi-ingredient foods, such as 
sandwiches and salads, are involved In 31 % (n = 356) 
of all virus outbreaks. Produce items, such as leafy 
green salads, lettuce, and fruit, are involved in 26% 
(n = 296) of virus outbreaks. The average size of a 
virus outbreak is 38 cases. Virus outbreaks are 
underreported for many reasons. Due to the short 
duration of illness for common foodborne viruses, 
such as norovirus, ill patients may not visit the doctor. 
Furthermore, norovirus Is not a reportable disease, 
so doctors have no incentive to report cases to health 
departments or CDC. Viruses are not usually cap
tured as part of FoodNet or Pulse-Net, so outbreak 
data with an attributed food source remains the best 
single source of Information on the public health 
impact of viruses. 

P3-03 Outbreaks by the Numbers: Fruits 
and Vegetables 
Caroline Smith DeWaal and FARIDA BHUIYA, 
Center for Science in the Public Interest, 1875 
Connecticut Ave. NW, Suite 300,Washington, 
D.C. 20009, USA 

The year 2006 was a banner year for produce
related foodborne illness outbreaks, marked by out
breaks linked to spinach, tomatoes and lettuce. In a 
comprehensive survey of outbreaks with an Identified 
food source, produce accounted for 13% (639/5000) 
of outbreaks and 21 % (31,496/ 152,097) of illnesses 
from 1990 though 2004, according to data from the 
Center for Science in the Public Interest (CSPI). CSPI 
conducted a hazard analysis on produce by identifying 
the most common food/pathogen combinations and 
ranked their risk based on their history of causing 
outbreaks and associated illnesses: Salad contaminated 
with norovirus was the most common cause of 
outbreaks ( 128 outbreaks/4720 cases), followed by 
sprouts with Salmonella (24/ 1875), lettuce with 
norovirus (24/835), salads with Salmonella ( 17 /941 ), 
melon with Salmonella ( 16/ I I 37), salad with £ coli 
0 I 57:H7 ( 14/782), tomatoes with Salmonella ( I I/ 1652), 
berries with the parasite Cyclospora ( I 0/2758), scall
ions with hepatitis A virus (7 / I 070), and tomatoes 
with Shigella (1/886). In all produce outbreaks, 
norovlrus is the top cause of outbreaks (39.3%, 251 / 
639), followed by Salmonella ( 19%, 120/639), E.coli (8%, 
48/639) and C/ostridium (7%, 42/639).The main hazards 
associated with salad and lettuce outbreaks are Noro
virus (60%, 152/255), £ coli (21 %, 26/255), and Salmonella 
( 19%, 24/255). In light of the recent produce-related 
outbreaks, identifying ways to control hazards will 
reduce the risk of food borne illness from produce. 
By identifying food/pathogen combinations responsible 
for produce outbreaks, we can generate a hazard 

analysis, which is the first step in Identifying appropri
ate solutions. 

P3-04 FDA's Use of Epidemiologic Data, 
Traceback Investigations and Farm 
Investigations as RegulatoryTools during 
Outbreaks of Cyc/ospora cayetanensis 
Associated with Produce, 1995-2005 
BABGALEH B.TIMBO, Marianne P. Ross, Debra 
A. Street, and Jack J. Guzewich, Center for Food 
Safety and Applied Nutrition, FDA, 5 I 00 Paint 
Branch Pkwy., College Park, MD 20740, USA 

Introduction: Cyclospora cayetanensis became recognized 
as a foodborne pathogen for the first time in the US 
after several outbreaks of foodborne illness in 1996. 
In 1997, the federal government created the Food 
Safety Initiative (FSI) to Improve food safety and help 
reduce the Incidence of food borne illnesses, particu
larly those associated with produce. FDA, In collabora
tion with other government partners, utilizes out
break Information from epidemiologic, traceback and 
farm investigations to determine the food vehicle, 
source, distribution and production chain of the 
implicated products. 

Purpose:The purpose of this study is to discuss 
the utilization of epldemiologic data and information 
from traceback and farm investigations by FDA during 
Cyclospora outbreaks from 1995-2005. 

Methods: We conducted a PubMed search for 
published cyclosporiasis outbreaks associated with 
produce In the US from 1995-2005.We also con
ducted an electronic search of the FDA's Center for 
Food Safety and Applied Nutrition's Food Emergency 
Response (FER) outbreak folders providing a listing of 
produce-related Cyclospora outbreaks. We reviewed 
the published literature and FER documents to 
extract pertinent information regarding epidemiologi
cal data, and from traceback and farm investigations. 

Resu/ts:We identified 19 outbreaks of produce
associated cyclosporiasis since 1995. Epidemiologic 
data revealed IO outbreaks due to consumption of 
raspberries, 6 from basil, 2 from mesclun lettuce and I 
from snow peas, causing approximately 3,857 Illnesses. 
Seventeen traceback and multiple farm investigations 
helped identify specific domestic and foreign farms as 
the possible source of the contaminated products. 

Significance: FDA utilizes epidemiologic data, 
traceback investigations and farm investigations as 
tools to support actions, such as product recalls and 
press releases. 

P3-05 Outbreaks Where Food Workers Have 
Been Implicated in the Spread of 
Foodborne Disease 
JUDY D. GREIG, Ewen C. D.Todd, Charles A. 
Bartleson, and Barry S. Michaels, Public Health 
Agency of Canada, 160 Research Lane, Unit 206, 
Guelph, ON NI G SB2, Canada 

All foodborne illness Is fundamentally prevent
able, and by influencing human behavior, human illness 
can be decreased. It has been estimated that approxi
mately 20% of foodborne illnesses of bacterial origin 
result from transmission by an infected food handler.A 
review of 816 outbreaks between 1927 and 2006 was 
conducted by the International Association for Food 
Protection to develop a clear understanding of the 
dynamics of pathogen transmission via the food 

Journal of Food Protection Supplement A - 170 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/sp1/1/1679800/0362-028x-70_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

PJ-06 

handler in a variety of settings. Outbreaks included 
those in homes, restaurants, Institutions, processing 
plants, and farms, both In the United States and in 

other countries.There were 80,682 cases reported; 
of these, 2,740 (3.4%) required hospitalization and 98 

(0.12%) died. In general, salads (potato, egg, turkey, 
tofu, and tuna) contaminated with norovirus, Salmo
nella, Shigella or Streptococcus caused the largest 
number of outbreaks. Outbreaks were sorted into 

different categories based on: how many workers 
were implicated; the origin of the infective agent 

(whether in the outbreak setting or offslte);the 
degree of certainty that the worker(s) were the cause 
or were victims; whether or not the workers denied 
illness; the ability of the agent to grow in the food; 
whether only the workers and not the patrons were 
ill; and whether patrons, rather than the workers, 
were responsible for their illnesses.The most frequent 
scenario (238 outbreaks) involved a single food 
worker as the sole cause of disease transmission, but 
there were several more complex situations. Con
tamination of food by workers occurred though cross 
contamination (usually a raw food of animal origin), 
the fecal-oral route, by nasopharyngeal excretions or 
skin lesions. Although workers may be associated 
with an outbreak, often a clear initiating source is 
not Identified, or workers may be victims as well as 
sources of infection.The different routes of Infection 
portray a complex picture requiring analysis before 
implementing effective controls. 

Prevalence of Foodborne Pathogens in 
Stools from Mexican Hospitals 

NORMA HEREDIA, Santos Garcia, Luisa Solis, 

Rocio Amador, Sagrario Garcia, and Rodolfo 

Puente, Facultad de Ciencias Biologicas, 

Universidad Autonoma de Nuevo Leon, Apdo. 

Postal 124-F, San Nicolas, NL, 6645, Mexico 

Introduction: Feces are an important source of 
contamination of foods. lntrahospital infections occur 
frequently as a result of consumption of contaminated 
food. Thus, it could be important to analyze the feces 
of hospital patients to determine the presence of 
foodborne pathogens that could be a hazard for 
other susceptible patients. 

Purpose:The purpose of this study was to eval
uate the presence of several foodborne pathogens In 
human stools that could be a source of contamination 
of foods. 

Methods: One-hundred samples of human stools 
were collected from October 2005 to July 2006 from 
local hospital patients in Monterrey N.L. Mexico and 
the metropolitan area. Samples were examined for 
the presence of several foodborne pathogens, 
including Salmonella spp., Shigella spp., Campylobacter 
spp., Escherichia coli O 157:H?, Listeria spp. and Yersinia 
spp. The presence of pathogens was determined using 
the Mexican Official Methods and the Bacteriological 
Analytical Manual (BAM) protocols. 

Results: E. coli O 157:H? was isolated In 5% of the 
samples, Salmonella spp. In 4% and Campylobacter spp. 
in I%. Shigella spp., Listeria spp. and Yersinia spp. were 
not detected in any of the human stools. 

Significance: The presence of highly pathogenic 
foodborne bacteria In feces of hospitalized patients 
could present a source of infection for other 
susceptible patients and for contamination of foods. 
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A Novel Approach for Conducting 
Environmental Investigations of 
Foodborne Outbreaks 

MAHA HAJMEER, Benson Yee, Davina Watson, 

Richelle Richter, Mary Palumbo, Patrick Kennelly, 

Jeff Farrar, Barbara Cassens, and Alonza Cruse, 

California Dept. of Health Services, Food and 

Drug Branch, 1500 Capitol Ave., P.O. Box 

997435, MS-7602, Sacramento, CA 95899, USA 

Environmental Investigations of foodborne out
breaks are often complex and take several weeks or 
months to complete thoroughly. Investigations Involve 
completing epidemiologlc studies of Ill individuals, 
tracing products from table-to-farm, seeking contami
nation sources/modes, testing numerous samples, and 

writing detailed reports. Because of scope and comp

lexity of these environmental investigations and the 

fact that contamination events likely happened weeks/ 

months before, public health agencies face challenges 

in determining exact source(s) and contamination 
methods, In avoiding duplication of effort and imple
menting targeted preventive measures to decrease 
recurrence risk.To increase efficiency, communication, 
and effectiveness of Investigations, the California 
Department of Health Services in partnership with 
US Food and Drug Administration's San Francisco and 
Los Angeles District Offices formed the California 

Food Emergency Response Team (CalFERT) in 2005. 
CalFERT's focus is developing a team of highly trained 
investigators, microbiologists, chemists, and epidemi
ologists from multiple federal and state agencies to 
collaboratively investigate foodborne outbreaks 

expeditiously and effectively. Members meet regularly 
to receive training on investigation protocols and 
sampling techniques at processor, retailer, and farm 
levels. Exercises are conducted to continually refine 
existing procedures and develop new techniques. 
During the Escherichia coli O I 57:H7 outbreaks in fall 
and winter of 2006, teams of investigators from four 
different federal and state agencies conducted investi
gations of dozens of possible farms and processors 
and collected> 1,000 environmental samples. Of 

these samples, several genetically matched the E.coli 
0157:H? outbreak strains. This enabled investigators 

to narrow the focus of investigations and gain valuable 

clues as to source. Pooling limited resources allows 

agencies to efficiently Investigate numerous leads, 

increase sampling size, Increase opportunities to find 

clues to contamination source(s), reduce redundancy, 

Improve efficiency and effectiveness of investigations, 

and provide opportunities for investigators to meet 

and train together to develop trust, expertise and 

shared experiences.Together, this creates a highly 
specialized and trained investigation team. 

Response of Salmonella Strains to All 
Natural Citrus Antimicrobials 

Erik Friedly, Corliss A. O'Bryan, VESELA I. 
CHALOVA, Philip G. Crandall, and Steven C. 

Ricke, University of Arkansas, 2650YoungAve., 

Fayetteville,AR 72762, USA 

Introduction: The Healthy People 20 IO Initiative 
established a goal of no more than 6.8 cases of 
salmonellosls/ I 00,000 persons, 1/2 of the initial 
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baseline rate of 13.6 cases of salmonellosis/ I 00,000 
persons. Unfortunately, the most recent data for 
salmonellosls show a rate of infection of 16.2 cases 
per I 00,000. Salmonella mediated food borne Illness 
continues to be a serious problem.There are many 
foodborne vehicles, but contaminated poultry meat 
has been implicated as a major contributor to 
salmonellosls. 

Purpose: The purpose of this study was to 
evaluate all natural citrus compounds as antimicrobials 
with action against Solmonella spp. of poultry origin. 

Methods: Several strains of Salmonella were 
grown in nutrient broth overnight; an aliquot was 
streaked on BHIA and allowed to dry. Sterile filter 
paper disks were placed on the plates and 0.0 I ml 
of dilutions of citrus essential oils was aseptically Pl- I 0 
transferred to the disk. Plates were incubated at 37°C 
for 24 h and zones of inhibition were measured and 
compared to controls. 

Results: FL Valencia whole oil and combined 
orange terpenes had little to no effect on strains 
tested.Valencia 5-fold concentrated oil was highly 
active against S. Typhlmurium ATCC 13311, producing 
a 36-mm zone of inhibition as compared to 6 mm for 
the control.The terpene hydrocarbon fraction, com
posed principally of d-limonene, was found to have 
high activity against S. Typhimurium ATCC 14028 (23 
mm), S. TyphimuriumATCC 13311 (25 mm) and a 
USDA S.Typhlmurium isolate (20 mm). 

Significance: Citrus-derived antimicrobials are 
ideal candidates for use in the poultry Industry. There 
is a wide range of commercially available compounds 
and they offer the potential for development of 
multiple antimicrobial intervention strategies, so 
"tailored compounds" can be formulated to minimize 
specific pathogens as part of multiple intervention 
steps. 

Pl-09 Vibrio parahaemolyticus Illnesses in Florida, 
1994-2006 
KATHLEENW. VANZILE, Florida Dept. 
of Health, I 045 Riverside Ave. Suite 290, 
Jacksonville, FL 32204-4148, USA 

The Vibrio species of bacteria occur naturally in 
the marine and estuarine waters of Florida unlike 
other bacterial pathogens of public health concern, 
which are introduced to Florida waters by fecal 
contamination.As expected, seafood consumption is 
consistently associated with Vibrio infection. Oysters, 
blue crabs, clams, shrimp and fish will harbor the Vibrio 
bacteria naturally and without ill effect to themselves. 
Vibrio parahaemolyticus is one of three Vibrio species of 
primary public health concern in Florida. Infection by 
this pathogen is acquired by consumption of seafood, 
exposure to contaminated water and directly though 
wounds.This illness is characterized by abdominal 
cramps and watery dysenteric diarrhea. Systemic 
infection and death is rare. Vibrio parahaemolyticus 
infection may occur as single cases or In large 
outbreaks. Oyster consumption has been implicated in 
Florida and multi-state outbreaks. Smaller outbreaks 
are caused by consumption of cross-contaminated 
cooked blue crabs. From 1995-2006 there have been 

40 confirmed and suspected outbreaks of Vibrio 
parahaemolyticus in Florida. Six confirmed outbreaks 
were associated with consumption of blue crab; raw 
oyster consumption was associated with three 
confirmed outbreaks. In Florida, however, most 
reported Vibrio parahaemolyticus cases are sporadic 
and are not outbreak related. Blue crab and oysters 
are both naturally exposed to and carry Vibrio 
organisms that can cause illness upon consumption. 
However, outbreaks associated with blue crab 
consumption is a result of poor food-handling 
practices, post-cooking cross contamination and 
inadequate temperature control, rather than just 
consumption of raw or undercooked oysters. 

Foodborne Sources of Uropathogenic 
Escherichia coli 

Mark Stinson, Robert Barlow, PATRICIA 
DESMARCHELIER, Mark O'Brien, and Kari 
Gobi us, Food Science Australia, P.O. Box 3312, 
Tingalpa DC, Queensland 4173,Australia 

Introduction: Urinary tract bacterial disease Is 
a major health problem predominantly caused by 
Escherichia coli strains referred to as uropathogenic 
E.coli (UPEC). UPEC sources are still unclear, but 
studies suggest a foodborne transmission route. 
Several virulence gene markers have been identified 
in clinical UPEC isolates. UPEC antimicrobial resist
ance (AMR) is also an important problem, with patient 
management being complicated by multi-drug resistant 
E.coli often carrying AMR integrons. 

Purpose: The purpose of this study was to investi
gate retail meat for the presence of E. coli strains 
carrying uropathogenlc marker and AMR genes. 

Methods: Modified E.coli enrichment broth cul
tures from 160 beef, pork, lamb and chicken samples 
collected from retail meat outlets were screened for 
7 UPEC-associated virulence genes using PCR. E. coli 
isolates with UPEC-associated virulence genes were 
isolated using the hydrophobic grid membrane 
filtration technique and confirmatory PCR. Potential 
UPEC Isolates were then tested for antimicrobial 
susceptibility, the presence of class one integrons, and 
isolate relatedness by use of pulsed field gel electro
phoresis. 

Results: Thirty-six E. coli strains containing a 
number of different virulence factors, including: papG 
(Classes II and 111), hly, en(/, ibeA and usp, were isolated. 
Most isolates originated from chicken (86%), with 
fewer recovered from beef ( I I%) and pork (3%).A 
high prevalence of trimethoprim (75%), trimetho
prim-sulfameth-oxazole (70%) and ampiclllin (42%) 
resistance was observed.Twenty-three of 36 (64%) 
isolates contained class I integrons, 17 of which 
contained dfr gene cassettes encoding trimethoprim 
resistance. Most of the 36 isolates were clonally 
unrelated but formed 4 clusters at 50% similarity. 

Significance: Chicken, and to a lesser extent beef 
and pork, may be sources of E. coll carrying UPEC
associated virulence markers and AMR resistance 
genes. The potential of retail meat to disseminate 
antimicrobial resistant E. coli UPEC should be further 
investigated. 
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Characterization andVirulence of 
Enterobacter sakazakii from a Neonatal 
Intensive Care Unit Outbreak 

Stacy Townsend, Edward Hurrell, Juncal Caubilla 

Barron, and STEPHEN FORSYTHE, Nottingham 

Trent University, School of Biomedical and 

Natural Sciences, Clifton Lane, Nottingham, 

NGI I8NS,UK 

Enterobaeter sakazakii is a ubiquitous bacterium 
that has been associated with neonatal infections. 
Despite considerable recent publicity about the 
organism, there are relatively few reported outbreaks, 
and very little Is known concerning virulence deter
minants. This study concerns an outbreak of Entero
baeter sakazakii which involved 16 neonates. It occurred 
in a neonatal intensive care unit and resulted in three 
deaths. All neonates, except for one, were pre-term. 
Nine neonates had severe clinical symptoms; 7 had 
necrotizing enterocolitis (NEC) of I grade illb with 
abdominal perforation, one with septicaemia, one with 
meningitis. An autopsy of the latter neonate revealed 
cerebral lesions. Four neonates were colonized by 
E. sakazaki/ without any clinical signs, and 2 neonates 
had moderate digestive problems. A total of 38 
E. sakazakii strains were isolated from various ana
tomical sites and 7 strains from powdered infant 
formula and reconstituted feed. The identity of the 
isolates was confirmed as E. sakazak/1 using I 6S rDNA 
sequence analysis. Strains were genotyped using 
Pulsed Field Gel Electrophoresis (PFGE).Antlbiotic 
resistance and plasmid profiles were determined. The 
virulence of selected strains was compared using 
attachment and invasion assays of CaCo-2 cells, 
macrophage uptake, and invasion of rat brain capillary 
endothelial cells.All strains were in I 6S rDNA cluster 
group I. PFGE analysis showed that there were three 
overlapping outbreaks.A fourth (non-matching) geno
type was isolated from powdered infant formula. More 
than one genotype was recovered from one neonate. 

A number of neonates were colonized by E. sakazak/1 
and were asymptomatic. Genotype 2 was associated 
with the majority of NEC and the meningitis. Strains 
within a genotype varied in their plasmid profiles. 
E. sakazakil strains were shown to attach and invade 
CaCo-2 (epithlial) cells, rat brain endothlial cells, and 
macrophage cells. 

Food Poisoning Outbreaks Caused by 
Bacillus spp. in British Columbia, Canada 

LORRAINE F. MCINTYRE, Kathy Bernard,Judy 

Isaac-Renton, and David Naseby, BC Centre for 

Disease Control, Main Floor - 655 West 12th 

Ave.,Vancouver, BCV5Z 4R4, Canada 

Introduction: Bacillus cereus are environmentally 

ubiquitous soil organisms with the potential to cause 
food poisoning. The Bacillus cereus complex is highly 
related phylogenetically, making differentiation 
between species difficult. 

Purpose: 204 archived strains of Bacillus spp. 
associated with food poisoning between 1991 and 
2005 were speciated to determine if B. thuringiens/s 
had been misidentified as B. cereus. Bacillus found on 

imported strawberries between January and March 
2006 was also tested. 
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Methods: PCR was used to detect pathogenicity 
genes for emetic cereulide toxin (NRPS, non-ribo
somal peptide synthetase), insecticidal crystal protein 

(ICP, cry), and entertoxins (non-haemolytic entero

toxin; nhe and hemolysin BL, hbl). Strains positive for 

NRPS were designated as Bacillus cereus, those positive 

for ICP by microscopy or PCR as B. thuringiensis. 
Rhizoidal growth on nutrient agar were Identified as 

B. mycoides, and all other strains with typical B. cereus 
phenotype as the Bacillus cereus group. Two commer

cial enterotoxin kits were compared to nhe and hbl. 
Results: 168 (82%) isolates were associated with 

40 Bacillus food poisoning outbreaks. B. cereus was 

found in 5 ( 12.5%) outbreaks, B. thuringiensis in 4 

( I 0%), B. cereus group in 18 (45%) and B. mycoides in 

I (2.5%) of the outbreaks. B. thuringlensis was detected 

in another 4 of 12 mixed Bacillus spp. outbreaks. 

These outbreaks caused 202 illnesses (AR, 32%), with 

an average incubation period of 5.9 h and duration of 

24 h. Symptom profiles were significantly different 

between Bacillus species. B. thuringiensis was identified 

in 95% ( 177 of 187) isolates from imported strawber

ries. No difference in Bacillus levels was detected 

between countries of origin but higher levels were 

detected with specific producers. Twenty-eight nhe 
and hbl enterotoxigenic patterns were found and the 

presence of enterotoxin correlated with only one of 

the commercial kits. ICP detection by cry PCR was 

more sensitive (99.453%) than light microscopy 

(90.961%). 
Signficance: Routine identification of Bacillus 

isolates can be facilitated using molecular methods to 

detect NRPS and cry genes. This study demonstrates 

that B. thuringiensis should be considered a foodborne 

pathogen. 

Estimation of the Burden of Gastroen
teric Diseases in Miyagi Prefecture,Japan, 
Using Physician Consultation Rates from 
a Retrospective Cross-sectional Telephone 
Survey 

KUNIHIRO KUBOTA, HajimeeToyofuku, 

Fumiko Kasuga, Emiko lwasaki,Tomomi Nokubo, 

Shun-ichi Inagaki, Hei-ichiro Kusakari, Mayumi 

Komatsu, Frederic J. Angulo, Kaoru Morikawa, 

and Elaine Scallan, National Institute of Health 

Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 

158-850 I, Japan 

lntroduction:At IAFP 2006, we reported prelimi

nary results on the burden of gastroenteric diseases 

In Miyagi Prefecture,Japan, in which the physician 

consultation rates were estimated by analyzing 
foodborne outbreak investigation data for each 

pathogen. Based on expert opinions, our previous 

physician consultation rates seemed to be overesti

mated, considering the bias associated with outbreak 

circumstances. 
Purpose:The purpose of this study was to 

estimate the burden of Illness associated with 

Campylobaeter, Salmonella and Vibrio parahaemolyticus, 
and to Improve accuracy in estimating the physician 
consultation rates though a population based 
telephone survey in Miyagi Prefecture. 
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Methods: Data on laboratory-confirmed Infections 
of three pathogens were collected from clinical 
laboratories In Miyagi Prefecture, in the northern part 
of Japan (population: 2.36 million), from April 2005 to 
March 2006. The stool sampling rate was estimated 
using physician questionnaire survey conducted In 
April 2006. The physician consultation rates were 
estimated from a retrospective cross-sectional 
telephone survey conducted In the same prefecture. 
The questionnaire in the survey was designed to be 
comparable with the United States, Irish, Canadian 
and Malta studies. Each factor was multiplied by the 
laboratory-confirmed cases. 

Resu/ts:The estimated physician consultation rate 
was 38.6%.This is approximately 60% of the previously 
used physician consultation rate estimated from the 
outbreak investigation data. Consequently, the esti
mated number of Illness per I 00 thousand in this 
region was 142 for Campylobacter, 19 for Salmonella 
and 8 for Vibrio parahaemolyticus. 

Significance:This new data supports our previous 
study, and reveals that a significant difference exists 
between our estimate of burden of illness and the 
reported cases.The uncertainty associated with 
physician consultation rate was reduced, and the 
estimation of the burden of gastroenteric diseases 
needs to be more accurate. However, there are still 
uncertainty factors that need to be reduced, such as 
stool sampling rates by physicians. 

PJ-14 Molecular Characterization, Serotyping 
and Antimicrobial Resistance Profiles of 
Salmonella Isolates Obtained from Waste
water, Food and Human Sources in 
Guadalajara, Mexico 

Corina Hernandez-Mireles,Alejandro Sanchez, 
Cristina Martfnez-Cardenas,Jesus Silva-Sanchez, 
Alejandro Castillo-Ayala, and OFELIA 
RODRIGUEZ-GARCIA, Universidad de 
Guadalajara, Marcelino Garda Barragan 1451, 
Guadalajara,Jalisco, Mexico 

Introduction: Systematic knowledge of the pre
valence of serotypes of Salmonella and PFGE types and 
antimicrobial resistance profiles is a helpful tool In 
Salmonella surveillance and provides information about 
ecology of pathogens, contributing to an improvement 
in the surveillance of food borne salmonellosis. 

Purpose:The purpose of this study was to identify 
the serotypes, PFGE patterns and antimicrobial resist
ance profiles in Salmonella isolates obtained from 
human, food and wastewater sources in Guadalajara, 
Mexico. 

Methods: Between January 2004 and September 
2005, 238 isolates were obtained from wastewater 
( 189), food ( 17) and human (32) samples. 

Results: The serotypes isolated from wastewater 
were Sinstorf (23), Agona (3), Anatum ( 14), and 
lnfantis ( I I). Serotypes Isolated from foods were 
Anatum (4) Agona (3), Saintpaul (3) and Typhimurium 
(3), and from human feces were Typhlmurium (8), 
Enteritidis (6),Agona (3) and lnfantls (3). Resistance 
to multiple antimicrobials was observed among 
isolates from all 3 sources. Multi resistant Salmonella 
Typhlmurlum strains were isolated from foods (2), 
wastewater (I), and humans. All these isolates were 

PJ-15 

resistant to amplclllin, amoxicillin + clavulanic acid, 
nalidixic acid, chloramphenicol and gentamicin, and 
intermediately resistant to cefotaxime, ceftazidlme and 
ceftrlaxone. One S. Newport strain isolated from a 
beef sample was resistant to amplclllin, amoxicillin + 
clavulanic acid and chloramphenicol, with Intermediate 
resistance to cephalosporines. PFGE patterns were 
obtained from 29 Isolates corresponding to serotypes 
lnfantis, Anatum, Thompson, London, Muenster and 
Sinstorf. The same PFE type was found in isolates of 
S. lnfantls coming from 2 human samples and I waste
water. For serotypes Slnstorf, Thompson London and 
Muenster from wastewater, the same PFGE type was 
found during samplings at different times. 

Significance:This suggests the prevalence of these 
clonal lineages in the Salmonella populations In 
Guadalajara.The above data can be useful In Salmonella 
surveillance in Mexico. 

Trends in Foodborne Outbreaks Caused 
by School Lunches and Evaluation 
of Activities to Improve School Lunch 
Sanitation in Japan 

FUMIKO KASUGA, Masayo Kaneda, Nobuko 
Tanaka, and Akiko Nakamura, National Institute 
of Health Sciences, 1-18-1 Kamlyoga, Setagaya
ku, Tokyo 158-850 I ,Japan 

Introduction: Since outbreaks due to school 
lunches contaminated with E. coll O I 57:H7 in 1996, 
Japanese schools have Improved school lunch sanit
ation systems. The number of outbreaks caused by 
school lunches has dramatically decreased, but new 
problems have emerged. Critical review and analysis 
of the hygiene systems and recent outbreaks related 
to school lunches are needed. 

Purpose: The purpose of this study was to char
acterize trends In foodborne outbreaks caused by 
school lunch In Japan, to analyze source of contamina
tion and causative practices, and to evaluate the 
effects of Inspecting and training. 

Methods: Foodborne outbreak statistics from 
fiscal year 1996 to 2005 collected by the Ministry of 
Education, Culture, Sports, Science and Technology 
and Inspection reports collected by the School Lunch 
Sanitation Promoting Committee were analyzed. 

Results: Seventy-four outbreaks related to school 
lunches and 23,640 cases were reported in the I 0 
years. However, the number of outbreaks decreased 
from 18 in 1996 to less than 5 in 2004, and the cases 
also decreased, from I 1,651 in 1996 to 40 I in 2005. 
Deaths were reported only in 1996.The causative 
agents were mostly bacteria and the reported species 
were diverse prior to 1998. After 1998, norovirus 
appeared most frequently; (in ca. 60% of outbreaks). 
The School Lunch Sanitation Promoting Committee 
has inspected every facility where outbreaks occurred. 
From their reports, sources of contamination, opport
unities for bacterial proliferation, cross-contamination 
processes, improper equipment, problems in crisis 
management and insufficient hygiene control of food 
suppliers were indicated. 

Significance: Activities that have taken place since 
1996 to improve school lunch sanitation were 
effective in reducing foodborne outbreaks due to 
school lunches In Japan. However, continuous inspect
ions, analyses of causes of Individual outbreaks, and 
critical review of the current systems are emphasized. 

Journal of Food Protection Supplement A - 174 
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Pulsed Field Gel Electrophoresis (PFGE) 
of Human and Meat Isolates of Escherichia 
coli O I 57:H7 for Source Attribution in 
International Trade 

ROGER L. COOK, Angela Cornelius, Brent 

Gilpin, and Carolyn Nicol, New Zealand Food 
Safety Authority, 86 Jervois Quay, Wellington 
6011, New Zealand 

lntroduction:A potential common source outbreak 
of Escherichia coli O I 57:H7 with the PFGE Xbal:Blnl 
pattern of EXHX0 I. 0074:EXHA26.0569 was 
reported by PulseNet USA in mid-2006. Contemp
oraneously, isolates with similar PFGE patterns 
(EXHX0 1.0074: EXHA26.0569 and EXHX0 1.140 I: 
EXHA26. 0569) were isolated under the USDA PR
HACCP monitoring program from two manufact
urers of ground beef containing a mix of US and New 
Zealand (NZ) beef, the latter from the same slaughter
house. Even though these PFGE profiles are common 
in the US, the US-CDC and USDA-FSIS independently 
requested from NZ authorities information on the 
occurrence of these patterns In NZ human and beef 
isolates. 

Purpose:To describe the occurrence of E.coli 
0 I 57:H7 isolates with Xbal:Blnl patterns of EXHX0 I. 
0074:EXHA26.0569 and EXHX0 1.140 I :EXHA26.0569 
In NZ human cases and from NZ beef. 

Method: PFGE Xbol profiles were developed for 
203 human isolates from notified confirmed cases of 
E.coli O I 57:H7 gastroenteritis, and 229 beef (adult 
and bobby calf) isolates collected from regulatory 
and commercial monitoring programs, and research 
surveys for the period 2003-2006. 

Results:Although 12 human and 3 beef isolates 
had Xbal patterns indistinguishable from EXHX0 I . 
0074, none had EXHA26.0569 Bini patterns. Similarly, 
none of the isolates had EXHX0 1.140 I Xbal patterns. 
Two beef isolates had EXHA26.0569 Bini patterns 
but their Xbal patterns were dissimilar to those of 
the US isolates. 

Significance:AII NZ human and beef E.coli O 157: 
H7 2003-2006 were genotypically dissimilar to those 
isolated from US ground beef and a suspected point 
source outbreak. It is therefore unlikely that NZ beef 
is the original source of the US ground beef or human 
case isolates. 

Validation of Models for Proteolytic 
Clostridium botulinum Growth during 
Cooling of Cooked Ground Beef 

KARLA M. MENDOZA and Donald W. Schaffner, 
Rutgers University, The State University of New 
Jersey, 65 Dudley Road, New Brunswick, NJ 
08901, USA 

Clostridium botullnum is an anaerobic, spore
forming bacterium that causes botulism. USDA Food 
Safety and Inspection Service guidelines for cooling 
heat-treated meat and poultry products dictate 
certain cooling rates, but also suggest that computer 
modeling can be a useful tool in assessing the severity 
of cooling deviations. The purpose of this study was 
to validate the USDA Pathogen Modeling Program 

175 - Journal of Food Protection Supplement A 

Pl-18 

(PMP) models in cooked ground beef cooled at diff
erent rates. Validation was accomplished using dyn
amic (changing temperature) experiments as well as 
static (constant temperature) experiments. Ground 
beef inoculation was performed Inside a Coy anae
robic chamber. Experiments were performed inside 
the chamber or in vacuum sealed bags. A spore 
cocktail with approximately equal amounts of six 
different proteolytic strains of C. botulinum was used 
to Inoculate 75% lean ground beef for a final concen
tration of ~ I 00 spores/g. All experiments were 
performed in duplicate. Samples were cooled from 
54.4 to 4.4'C over 24 or 48 h during cooling experi
ments. Experiments to determine C. botulinum growth 
rates at eleven ( I I) different constant temperatures 
between 12 and 37°C were also performed. Differ
ences between model predictions and actual growth 
of C. botulinum in ground beef were observed in every 
cooling experiment, with over-predictions ranging 
between 1.5 and 5.6 log CFU/g. In contrast, generally 
good correlations between C. botulinum growth rates 
and model predictions at constant temperatures were 
observed. These results show that the PMP is highly 
fail-safe for C. botulinum growth in cooked, cooled 
ground beef. These data also indicate that either 
unexpected physiological changes occur in C. botulinum 
during the cooling of ground beef, which cause errors 
in the model predictions, or else the dynamic model 
itself is incorrect and it erroneously translates 
constant temperature rates into growth rate 
predictions during changing temperatures. 

Yeast Growth-decay Modeling Using 
Logistic Function and Fermi Equation 

Rodrigo Mandujano, Luis G. Rios-Casas,Aurelio 

L6pez-Malo, and ENRIQUE PALOU, Universidad 

de las Americas Puebla, Sta. Catarina Martir, 
Cholula, Puebla 72820, Mexico 

Most of the predictive microbial models focus on 
foodborne pathogenic bacteria, although spoilage fungi 
are also important, especially in foods with reduced aw 
and pH, for which fewer models are available. Excel 
and Visual Basic were used to develop software that 
predicts yeast (Saccharomyces cerevisiae, Debaryomyces 
hansenii, Candida krusei, Zygosaccharomyces bailii) 
growth or decay within the range of 0.95-0.90 aw, 
4.5-3.5 pH, and taking into account the solute type 
utilized to adjust aw (sodium chloride, glucose or 
sucrose) and the acid employed to adjust pH (acetic, 
phosphoric, citric or tartaric). Growth or decay 
curves were obtained from factorial design experi
ments and yeast behavior was modeled using non
linear regression with the logistic function (growth) 
or the Fermi equation (decay). Growth and decay 
regression parameters were utilized to adjust 
polynomial equations. Logistic function and Fermi 
equation were appropriate to describe yeast growth 
or decay, obtaining correlation coefficients greater 
than 0.95 and prediction errors lower than I 0%. 
Polynomial equations include growth or decay 
parameters as a function of aw, pH, solute and acid 
type as well as their interactions and were utilized 
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to predict yeast behavior in non-evaluated conditions. 
The developed software allows one to choose each of 
the studied variables (yeast, solute, acid, aw, pH, and 
time) to predict microbial behavior in a user-friendly 
interface. Besides, the growth or decay Is displayed 
showing the predicted parameters and an exportable 
time and yeast-count list. The user-friendly software 
is an excellent tool to predict and describe yeast 
behavior incorporating several important product 
formulation variables. The software program could 
also be used for educational and research purposes. 

P3-19 Dose Response Survival Modeling of 
Escherichia coli Exposed to Simultaneous 
Application of High Frequency Ultra
sound and Laurel and Coriander Essential 
Oils 

Arlette Santacruz, Fernanda San Martin, 
ENRIQUE PALOU,Alejandro Castillo, and 
Aurelio Lopez-Malo, Universidad de las Ameri
cas Puebla, Sta. Catarina Martir, Cholula, Puebla 
72820, Mexico 

Selected models can describe the inactivation 
pattern of microorganisms exposed to lethal agents. 
Microbial population declines which occur as a result 
of exposure to lethal agents, applied individually or in 
combination, can be described by the Fermi function 
or the Weibull distribution.The main objective of our 
research was to evaluate and model the survival of 
Escherichia coli In a model system (trlpticase soy broth, 
pH 5.5) exposed to the simultaneous application of 
high intensity ultrasound (US) and selected essential 
oil concentrations (laurel 0.500 or 0.250%; coriander 
0.250 or 0.125%). US treatments (20 kHz, 95 µm-wave 
amplitude) were performed by Introducing a 25 mm 
probe in a jacketed inoculated model system. The 
microbial populations of inoculated samples were 
examined by plate counting and spiral plate techniques 
during the treatments. In order to quantify the 
microbial response for the studied treatments, the 
Weibull type distribution for modeling resistance and 
the Fermi equation were applied. Model parameters 
were obtained using nonlinear regression. US treat
ment alone reduced E.coli 2-log in 9 min and was 
less effective than the simultaneous treatment with 
essential oils, which reduced E.coli more than 
5-log cycles when using the highest evaluated con
centrations. Experimental curves correlated well to 
predicted data (employing both equations), obtaining 
significant determination coefficients. US and US
essential oils survival curves exhibited a strong right 
skewed distribution with downward concavity. Fermi 
function predicted critical treatment times (50% 
reduction of initial population) that decreased with 
higher concentrations of the essential oils, dem
onstrating the effectiveness of combined treatments. 
The Weibull type distribution model and Fermi 
function were useful In explaining observed differ
ences among treatments. The use of US combined 
with essential oils was effective in enhancing Inactiva
tion of E.coli. 

P3-20 Protocol for Pasteurization Inactivation 
Kinetics of Milk Borne Pathogens 

LINDSAY PEARCE, Lisa Oakley, and Joanna 
Shepherd, Fonterra Research Centre, Private 
Bag 11029, Palmerston North,4442, New 
Zealand 

Introduction: Raw milk In the farm vat Is inevit
ably contaminated with a range of bacteria that 
Include human and animal pathogens. Pasteurization 
has successfully addressed these hazards and Its public 
health significance Is unquestioned. In order to derive 
risk-based dairy foods standards, however, data on the 
extent of the pasteurization inactivation of various 
pathogens, as well as their incidence in raw milk, are 
required. 

Purpose: The purpose is to develop a protocol 
for laboratory screening and pilot scale trials to derive 
kinetic data for predicting the heat inactivation of 
dairy pathogens by High Temperature Short Time 
pasteurization at 72°C/ 15 s. 

Methods: A broad-based expert experimental 
design group evaluated key variables including species/ 
strain selection, heating medium, screening method/ 
temperature, pilot equipment scale and requirements, 
number of strains, and recovery media.The agreed 
protocol is being used for these experiments. 

Resu/ts:Thlrty representative strains of each 
species are being screened in a submerged coil 
apparatus and thermal inactivation kinetics calculated 
In an effort to Identify the strains that were most heat 
resistant at 60°C, The most resistant strain will be 
used for pilot scale heat inactivation studies In UHT 
whole milk (4% fat) at 120 liter/h under turbulent flow 
over a range of temperatures with a 15 s holding-tube. 
Optimal non-selective media for maximum recovery 
of heat damaged cells will be used. Triplicate runs for 
each species using the same batch of UHT milk 
will assure consistency In experimental design and 
derivation of kinetic parameters. 

Signiffcance: The generation of kinetic, as opposed 
to "end point;' data on the effect of pasteurization is 
essential for determining the level of protection 
offered by the process. A comprehensive and robust 
protocol for determining the extent of the pasteuriza
tion kill of key raw milk pathogens is critical for risk 
assessments and evaluation of alternative processing 
methods. 

P3-2 I Predictive Models for the Growth and 
Survival of Total Vibrio parahaemolyticus 
in Gulf Coast Shellstock Oysters 

SALINA PARVEEN, Mark L. Tamplin, Ligia V. A. 
da Silva, Chanelle White,John Bowers, Geoffrey 
Rutto, and Angelo DePaola, University of 
Maryland Eastern Shore, Food Science and 
Technology Program, 21 12 Center for Food 
Science and Technology, Princess Anne, MD 
21853, USA 

Vibrio parahaemolyticus is a halophillc bacterium 
that occurs naturally In estuarine environments and 
can cause gastroenteritis in seafood consumers. 

Journal of Food Protection Supplement A - 176 
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Gastroenteritis is usually associated with the Ingestion 

of raw, undercooked, cross contaminated, and/or 

Improperly stored seafood.Although there are models 

for the growth of V. parahaemolyticus in broth and 

post-harvest shellstock oysters, acceptable growth and 

survival models do not exist for the potential storage 

temperatures relevant to industry and consumer 

handing practices.The objective of this study was to 

develop predictive models for the growth and survival 

of total V. parahaemolyt/cus in shellstock oysters under 

commercially relevant storage temperatures. For this 

study, Gulf Coast oysters were collected from August 

though September 2006 and then stored at 5, I 0, 20, 

25, and 30'C for selected time intervals.At each time 

interval, two composite samples of six oysters each 

were analyzed separately by a direct plating method, 

using an alkaline phosphatase-labeled DNA probe 

targeting the species-specific thermolabile hemolysin 

(tlh) gene.The Baranyi D-model was fitted to the 

V. parahaemolyticus growth and survival data to define 

the parameters of lag phase duration (lPD), growth/ 

inactivation rate (GR) and maximum population 

density (MPD). V. parahaemolyticus was slowly inacti

vated at 5'C at a GR of -0.003 log CFU/h. Maximum 

GR ( 1.5 log CFU/h) was observed at 25 and 30'C.At 

I 0, 15 and 20'C, the GR were 0.014, 0.05 I and O.Q7 I, 

log CFU/h, respectively.The bias and accuracy factors 

for a square root secondary growth model were 1.00 

and 1.02, respectively. MPD displayed a peak form, 

with a maximum of 7.9 log CFU/g at 20'C. No signifi

cant lPD was observed. The resu Its of this study will 

assist risk managers and the seafood industry in 
designing more effective food safety systems. 

Development of Predictive Mathematical 
Model for the Growth Kinetics of Staphy
lococcus aureus by Response Surface 
Model Based on Absorbance Data 

KYO-YOUNG SEO and Sang-Do Ha, Chung

Ang University, 72-1 Naeri, Daeduk-myun, 

Ansung, Gyunggi-Do, South Korea 

A response surface model was developed for 
predicting the growth rates of Staphylococcus aureus 
in tryptic soy broth (TSB) medium as a function of the 

combined effects of temperature, pH, and NaCl. TSB 

containing six different concentrations of NaCl (0, 2, 4, 

6, 8, and I 0%) was adjusted to six different initial pH 

levels (pH 4, 5, 6, 7, 8, 9, and I 0) and incubated at I 0, 

20, 30 and 40'C.The primary growth curves were fit 

(R2 = 0.9000 to 0.9975) to a Gompertz equation to 

obtain growth rates.The secondary response surface 

model for natural logarithm transformations of 

growth rates as a function of combined effects of 

temperature, pH, and NaCl was obtained using SAS 

general linear analysis.The predicted growth rates 
of S. aureus were generally decreased at basic (9, I 0) 
or acidic (5, 6) pH levels or increased (0-8%) in NaCl 
concentrations. A response surface model was 
identified as an appropriate secondary model for 
growth rates on the basis of correlation coefficient 
(r = 0. 9703), determination coefficient (R 2 = 0. 9415), 

mean square error (MSE=0,0 185), bias (Bf= 1.0216) 
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and accuracy factors (Af = 1.2583).Therefore, our 

secondary model supported predictions of the 

combined effect of temperature, NaCl, and pH 

on growth rates for S. aureus in TSB medium. 

Pl-23 Probabilistic Modeling of Enterobacter 
sakazakii Survival to Dessication after 
Grown at Selected Water Activities 

Rosa Elena Delgado-Portales, Enrique Palou, and 

AURELIO L6PEZ-MALO, Universidad de las 

Americas Puebla, Sta. Catarina Martir, Cholula, 

Puebla 72820, Mexico 

Enterobacter sakazakii appears to have an unusual 

ability to survive when exposed to dry conditions. 

However, several strain differences are reported when 

studying the tolerance of the pathogen to osmotic and 

dessication stresses. The combined effects of aw (0. 99, 

0.98, 0.97 or 0.96), solute utilized to adjust aw (sodium 

chloride or glycerol), cell growth phase (samples taken 

after 2, 5, 9, 17 and 24 h of incubation), and dry incub

ation time (I, 2, 3 up to 7 days) were evaluated using 

two E. sakazakii strains (ATCC 51 329 and one Isolated 

from a soy bean milk product) for growth/no growth 

response. Also, threalose production was evaluated by 
HPlC analysis. Fifty ml of cell suspensions of each 
strain taken from the evaluated systems and selected 
incubation periods were deposited in microtiter plate 

wells. The inoculated wells were dried in a laminar 
flow hood (3 h), and incubated at 37°C. After every 
studied incubation period, I 00 ml of tripticase soy 
broth was added and incubated at 37°C for 24-48 h. 
If growth was observed (turbidity change), the 
response was registered as I; if no growth (no change 
in turbidity) was observed, the response registered 
as 0. Backward stepwise logistic regression was 
employed to develop a simplified model able to 
predict the probability of E. sakazakil growth.The 
model showed that cells In the stationary phase had 
higher probabilities of growth after drying and showed 
longer incubation times when grown in media with 
higher aw adjusted with glycerol. The evaluated strains 
presented important resistance differences; this could 
be attributed to undetectable thealose production. 

The model obtained can be used to compare strain 
stress tolerance differences. Results provide Insights 
to predicting survival characteristics of E. sakazakii. 

Pl-24 Modeling the Bacterial Survival/Death 
Interface Induced by High Pressure 
Processing 
SHIGENOBU KOSEK! and Kazutaka Yamamoto, 

National Food Research Institute, 2-1-12, 

Kannondai, Tsukuba, lbaraki 305-8642, Japan 

Introduction: Many predictive models of microbial 

inactivation in high pressure processing (HPP) have 

been developed in recent years. However, most of 

these are kinetic models that do not take into account 

factors other than pressure and time. Furthermore, 

the predictive models do not take into account the 

recovery of injured bacteria induced by HPP. There

fore, novel predictive models of HPP-induced micro

bial inactivation should be developed, taking into 

account the effect of plural factors and the recovery 

of HPP-injured cells. 
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Purpose: The purpose of this study was to 
develop a survival/death Interface model that takes 
into account the effect of multiple factors and 
recovery for prediction of inactivation of Listeria 
monocytogenes by HPP. 

Methods: The model was derived from data sets 
comprising 360 combinations of environmental factors 
such as pressure (200,300,400, 500 MPa), pressure
holding time (I, 3, 5, I 0, 20, 30 min), pH (3, 4, 5, 6, 7), 
and inoculum level (3, 5,? log CFU/ml).The survival 
and death of L monocytogenes after HPP was deter
mined by the presence and absence of colony forming 
ability on non-selective agar plates after 30 days 
incubation at 20'C in broth, taking into account the 
recovery of HPP-induced injured cells. 

Results: The linear logistic model with time 
logarithmically transformed gave a degree of agree
ment between probabilities predicted by the fitted 
model and all observations, as 99.3% concordant.The 
model provided a good fit to the data as shown by 
performance statistics.The developed interface model 
provided requisite process conditions for the target 
effect of HPP on L monocytogenes. 

Signif,conce: Optimization of HPP could be 
accomplished using the model developed In this study. 
Furthermore, choice of processing factors allows for 
processing flexibility In HPP and specifies the process 
criteria that are Incorporated into the HACCP plan. 

PJ-25 Kinetic Model of Tropomyosin Denatur
ation for Predicting Inactivation of Salmo
nella in Cooked Beef 

FUR-CHI CHEN and Roger C. Bridgman, 

Tennessee State University, Institute of Agri
cultural and Environmental Research, 3500 John 
A Merritt Blvd., Nashville,TN 37209-1561, USA 

Introduction: To ensure the destruction of 
Salmonella and other foodborne pathogens in cooked 
meat and poultry products, USDA-FSIS has established 
lethality performance standards for cooked, ready
to-Eat meat and poultry products. For regulatory and 
quality control purposes, analytical tools for assessing 
whether the lethality performance standard is met 
would provide further assurance of the safety of 
finished products. 

Purpose: The purpose of this study was to 
evaluate a developed kinetic model describing the 
impact of heat processing on tropomyosln (TM) 
denaturation for the prediction of the effectiveness 
of the Salmonella inactivation in cooked beef. 

Methods: Ground beef samples with 15% fat 
were inoculated with a cocktail of Salmonella strains 
at I 08 CFU/g, and processed to endpoint tempera
tures of 50, 55, 60, 65 and ?0'C with varied heating 
rates. Surviving Salmonella In the cooked samples was 
enumerated by surface plating on tryptlc soy agar 
with 0.6% yeast extract and I% sodium pyruvate. TM 
concentrations were measured by ELISA employing 
a monoclonal antibody against bovine TM, and the 
predicted values ofTM in the cooked samples were 
derived from the kinetic model. 

Results: Residual TM In beef samples after heating 
closely followed first-order kinetics. Integration of the 
equation with time-temperature profile enabled the 
prediction ofTM in cooked samples. Percent errors 
between the values of residual TM measured by the 
ELISA and the values predicted by the kinetic model 
were less than± 4.5%.The high limits of 99% 
confidence Intervals were determined as 2430 
and 2980 µg/ml ofTM when 6.5-log reductions 
of Salmonella were achieved in the cooked samples 
at heating rates of 0.4 and I .6'C/min, respectively. 

Significance: The kinetic model provides an 
accurate and reproducible estimation of the effective
ness of Salmonella inactivation in cooked beef 
products under defined processing conditions. 

PJ-26 Uncertainty Assessment of Broth-based 
Microbial Growth Models 

KARINA G. MARTINO and Bradley P. Marks, 

700 Lower State Road # TH 21, North Wales, 
PA 19454, USA 

Users of predictive models should understand 
how various sources of uncertainty and variability 
contribute to overall error. Otherwise, underestima
tion and/or overestimation can lead to significant 
problems in commercial food processing applications, 
ranging from unacceptable consumer risk to over
processed product. The objective of this study was 
to identify and quantify sources of uncertainty and 
variability in broth-based growth models. The total 
uncertainty of a model was assumed to be the 
aggregate contribution of errors due to organism, 
substrate, laboratory methodologies, replications, and 
primary and secondary regressions.The approach was 
tested using the Gompertz/response-surface growth 
models for Listeria monocytogenes from the USDA 
Pathogen Modeling Program. The total uncertainty 
was quantified as the root mean squared error 
between observed and predicted values.The experi
mental variability due to organism, substrate, and 
laboratory methodologies was neglected, because 
they were constants in the study. To compute the 
error du.e to replication, the data were classified into 
treatments, depending on experimental conditions 
(pH, nitrite, salt, and temperature), and a 2-way 
ANOVA was applied (factors:treatment and time). 
To compute the uncertainty from the secondary 
regression, the upper and lower confidence limits of 
the log predictions were calculated by applying the 
upper and lower limits of the Gompertz parameters. 
The total uncertainty was 1.35 and 1.62 log CFU/ml 
for aerobic and anaerobic conditions, respectively. For 
the same two conditions, the errors from the primary 
regression were 1.02 and 1.22 log CFU/ml. The errors 
from the secondary regression were I .48 and 1.42 log 
CFU/ml, and the variability due to replications was 
0.26 log and 0.21 log CFU/ml. Knowledge of the 
relative contribution of errors to the total uncertainty 
of a specific model can help prioritize efforts to 
minimize them and can enable the industry to more 
reliably apply predictive microbiology for risk 
assessment, process design, analysis, and validation. 

Journal of Food Protection Supplement A - 178 
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Modeling the Risk of Salmonella in Raw 
Poultry as Influenced by Different Further 
Processing and Packaging Practices 

SILVIA DOMINGUEZ and Donald W. Schaffner, 

Rutgers University, The State University of New 

jersey, 65 Dudley Road, New Brunswick, NJ 

08901, USA 

The regulations which govern the temperatures 

and procedures for chilling and freezing of ready-to

cook poultry (9 CFR, 381.66) state that eviscerated 

poultry to be shipped from the establishment in 

packaged form shall be maintained at 40°F. These 

same regulations also allow the temperature to rise 

to a maximum Internal temperature of 55°F during 

further processing and packaging operations provided 

that immediately after packaging, the internal 
temperature of the poultry is promptly lowered to 

40°F or less, or the product is frozen. The purpose of 

this study was to evaluate the public health risk posed 

by various further processing and packaging opera

tions, including those that meet the regulations, those 

that exceed the regulations, and those that match 

actual industry practice. Computer models for 

Salmonella growth in raw poultry were combined with 

literature based assumptions about the prevalence and 

concentration of Salmonella in raw poultry. Various 

further processing and packaging operation time and 

temperature profiles, based on actual industry 

practice, were used to simulate pathogen growth on 

poultry.The risk posed by the simulated real-world 

further processing and packaging conditions (where 

processed product rises to 65'F and then is cooled 

from to 40°F In 6 h) was only 77% of the risk posed 

by holding the prduct at 54°F for an entire 8-h shift. 

The risk posed by product held at 54°F for 8 h was 

67% of the risk posed by holding the product at 56 °F 

for an entire 8-h shift. This risk posed by any of these 

regimes was less than the risk posed by Salmonella 

population increase as slaughtered chickens were 

cooled from poultry body temperature to 40°F. 

These findings show that a risk-based approach 

to food safety can provide information useful in 

determining the risk posed by different poultry 

processing and packaging conditions. 

Development of a Kinetic Model for Mold/ 
Yeast Growth on Seasoned Lotus Root 
Cuts for Online Shelf-life Control 

IL SEO, Jin Pyo Park, Duck Soon An, Hyuk Jae 

Lee, and Dong Sun Lee, Kyungnam University, 

Dept. of Food Science and Biotechnology, 449 

Wolyoung-dong, Masan, Gyeongnam 631-70 I, 

South Korea 

Online quality monitoring and management in 

the food supply chain are sought to minimize potential 

microbiological risk and ensure desired quality. 

Recently, time temperature indicator and radio 

frequency identification (RFID) tag systems with 

appropriate sensors have emerged as a tool to track 
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the food distribution channel and demonstrate 

quality. However, incorporating this technology for 

microbial quality control on a real-time basis requires 

a kinetic model of microbial spoilage.The purpose of 

this study was to develop a simple microbial quality 

prediction model for predicting shelf life of Korean 

seasoned lotus root cuts, whose spoilage is due to 

growth of mold and yeast. Mold/yeast counts of 

Korean seasoned lotus root cuts were measured 

during storage under the constant temperature 

conditions ofO, 5, IO and I 5°C. The parameters of 

microbial growth of Baranyi & Roberts were deter

mined using Box's complex method based on the 

mean microbial plate counts which were resampled 

from the experimental data by the bootstrapping 

method.The distribution of the model parameters 

was examined, and their temperature dependence was 

provided as mathematical functions for application to 

dynamic storage conditions whose temperature was 

monitored by an RFID system. While parameters of 

initial and maximum cell densities were independent 

of temperature, initial physiological state and maxi

mum specific growth rate were a function of temp

erature. The temperature functions of the parameters 

could be successfully Incorporated into the differential 

equations of microbial growth to predict the mold/ 

yeast count under fluctuating temperature conditions. 

The developed kinetic model provides a basis for 

predicting shelf life of l<orean seasoned ready-to-eat 

foods whose spoilage is attributed to growth of molds 
and yeasts. 

The International Risk Governance 
Framework as Applied to Listeria 

monocytogenes in Raw Milk Soft Cheese 
in the United States 

Andrew Knight, Michelle Worosz, Craig Harris, 

Les Bourquin, and EWEN TODD, Michigan State 

University, 165 NFST Bldg., East Lansing, Ml 

48824,USA 

The International Risk Governance Council 
(IRGC) has proposed an integrated risk governance 
framework that entails the pre-assessment, appraisal, 
judgment, management, and communication of risks. 
This framework is novel in that it gives equal impor
tance to social and biological aspects of risks. We 
have applied the framework to Listeria monocytogenes 
(Lm) In raw milk soft cheese (RMSC). The pre-assess
ment phase frames the Issues pertinent to stakehold
ers, where two opposing frames are presented: Illness 
Prevention and Consumer Sovereignty. The risk 
appraisal phase Involves both risk and concern assess
ments. Using the assessment information, risks are 
characterized and evaluated to develop risk reduction 
options, which are then assessed and implemented 
into risk management strategies. Currently, the retail 

sale of RMSC in the US is illegal. However, four 
alternative risk management strategies were identified 
based on the pre-assessment frames: (I) allow the 
retail sale of commodity specific RMSC; (2) require 
mandatory warning labels; (3) change the tolerance 
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levels from zero tolerance to I 00 CFU/g; and (4) 
implement HACCP or best management practices. 
Each strategy would Involve a different approach to 
risk communication.The framework is useful in that 
it: (I) facilitates the conceptualization of a range 
of stakeholders throughout the commodity system; 
(2) draws attention to risk decision-making at the 
regulatory level; (3) and forces management to 
integrate the social sciences into each step of the 
risk assessment.This process includes the evaluation 
of public perceptions and the identification of con
tentious issues surrounding RMSC, the conceptuali
zation of risk management options, the estimation of 
uncertainty in risk assessment, and the determination 
of acceptability. 

Monte-Carlo Simulation to Predict the 
Effect of Multiple-sequential Interventions 
on Bacterial Populations during Poultry 
Processing 
BALA KOTTAPALLI, Jarret Stopforth, Marissa 
Lopes, and Mansour Samadpour, IEH Laborato
ries & Consulting Group, 15300 Bothell Way 
NE, Lake Forest Park, WA 98155, USA 

Introduction: Quantitative microbial risk assess
ment for food assists in determining levels of micro
organisms that may pose a health risk to consumers 
as well as ways to improve practices in the food chain 
that reduce exposure to acceptable limits. 

Purpose:The purpose of this study was to create 
a mathematical model to predict the effect of multiple
sequential interventions on bacterial populations on 
poultry carcasses in a commercial processing facility. 

Methods: Multiple-sequential interventions eval
uated at the processing facility included: New York 
wash, post-evisceration wash, inside/outside bird wash 
I (IOBW I), IOBW2, chlorine dioxide wash, chlorine 
dioxide/chlorine chiller, chiller-exit spray, and post
chiller wash. Carcass samples were collected before 
(n = 75) and after (n = 75) each intervention and 
analyzed for aerobic plate counts (APC), total 
coliform counts (TCC), and Escherichia coli counts 
(ECC). The data for each individual intervention was 
fitted to a triangular distribution with parameters 
minimum, maximum, and mode. The adequacy of the 
fitted distribution was verified by performing a chi
square goodness-of-fit test on the observed and 
expected quantiles generated from the data for each 
intervention. Simulations for each intervention were 
run with the underlying distribution parameters using 
Monte-Carlo sampling for 50,000 iterations. Probabil
ity plots were generated for log survivors following 
each intervention. 

Results:With the Intervention system evaluated, 
the generated model Indicated that birds entering the 
facility with mean TPC of 4.5 log CFU/ml have a 57% 
likelihood of exiting the post-chiller wash with counts 
of 2.0-3.0 log CFU/ml. Birds entering the facility with 
mean TCC and ECC of 3.0-3.5 log CFU/ml are 96% 
likely to meet the microbiological criteria (s 2 log 
CFU/ml) for broilers (PR/HACCP Final Rule, 1996). 

S/gnjpcance:The model developed for this 
intervention system may be used by the processor to 
evaluate the food safety system and predict the effect 
of adding or removing Interventions from the system. 
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Quantitative RiskAssessment in HACCP 
for Safe Menu in Korean Restaurants: 
Focus on Vegetable Dishes (Sangchae) 

KWANG-GEUN LEE, Seung Ju Lee, Yujin Choi, 
Ari Park,Juhyun Song, Seung Won Jung, and 
Yun-Hae Kim, Dongguk University, Dept. of 
Food Science and Tech., Pil-dong,Jung-gu, Seoul, 
Korea 

The Korean vegetable dish Sangchae is common 
in Korean cuisine. It has the potential to cause food 
poisoning In Korean restaurants due to its nature.This 
study was carried out to develop a Quantitative Risk 
Assessment (ORA) model for Staphylococcus aureus 
In Sangchae and establish the specifications for its risk 
management.The processes for preparing Sangchae 
consist of four steps from pre-treatment to final 
consumption. The uncertainty and variability in the 
data were treated with Monte-Carlo simulation. 
Sensitivity analysis showed that the storage time and 
temperature in restaurants were the critical control 
points. It was suggested that temperature control 
(under I 0°C} was the most critical condition to 
prevent growth of S. aureus in Sangchae. Based on this 
study, QRA was a beneficial tool for evaluating factors 
influencing potential risk and could be applied directly 
to risk management. 

Fuzzy Math Calculation for Quantitative 
Risk Assessment on Korean Vegetable 
Dishes (Sangchae) 

Seung Ju Lee,Yun-Hae Kim,Yujin Choi, Ari Park, 
Juhyun Song, and KWANG-GEUN LEE, Dongguk 
University, Dept. of Food Science and Tech., 
Pil-dong,Jung-gu, Seoul, Korea 

Fuzzy math was applied to quantitative risk 
assessment on the Korean vegetable dish Sangchae, 
compared with Monte Carlo simulation. Microbiologi
cal risk factors associated with Staphylococcus aureus 
for Sangchae were identified, and exposure assess
ment was performed for four steps from pre
treatment to final consumption. Microbial assays were 
made of raw materials and kitchenware. Fuzzy values 
of the microbial data first were established and the 
fuzzy ¥a-cut method was applied in operations. In 
Monte Carlo simulation, the microbial data first were 
fitted to various probability distribution functions, 
then optimum functions were used in iterative 
calculations. Consequently, the estimates from fuzzy 
math calculations were similar to those from Monte 
Carlo simulation in terms of accuracy, whereas 
variability of fuzzy estimates was larger, while 
calculation time was shorter. Based on this study, fuzzy 
math calculation was useful to estimate data in a 
quantitative risk assessment of Sangchae. 

Quantification of Salmonella from Pig 
Feces by Real-time PCR 

HANS FRODER, Reinier Helmuth, lstavan Szabo, 
Karsten Nockler, Marla Teresa Destro, Cornelia 
Bunge, and Burkhard Malorny, Federal Institute 
for Risk Assessment, Centre of lnfectiology and 
Pathogen Characterization, National Salmonella 
Reference Library, Berlin, Germany 
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We have developed a protocol based on real-time 
PCR to quantify Salmonella DNA in pig feces. Micro
bial DNA Is directly purified from fecal material taken 
rectally based on an optimized protocol of the 
QIAamp Stool Kit (Qiagen). PCR inhibitor-free DNA 
is quantified in a Salmonella specific real-time PCR 
targeting the ttr-locus.Artificially inoculated Salmonella 

cells In pig feces could be recovered at a rate between 
20% and 40% depending on initial number of cells. 
DNA purified from feces artificially inoculated with 
Salmonella cells (serially I 0-fold diluted cells) was used 
for the establishment of the standard curve. A 
correlation coefficient of> 0.994 and an efficiency 
between 0.9 and 1.0 indicates an accurate quantifica
tion over a five log range down to 6.5 genomic copies 
per PCR (650 genomic copies per gram feces). An 
"in-house" validation study, using 186 feces samples of 
13 pigs Infected with Salmonella Typhimurium DT I 04 
(nalidixlc acid resistant) demonstrated a good 
agreement between real-time PCR and direct plating 
on XLD agar containing 50 µg/ml nalidixlc acid.This 
real-time PCR-based Salmonella quantification method 
is a new alternative to estimate the levels of Salmo
nella contamination in a swine herd as well as to 
provide easier quantitative data for risk assessment 
models. It has also the potential to quantify Salmonella 
in food matrices. 

Comparison of Quantitative, Real-time 
PCR to Most Probable Number Method 
for Salmonella Typhimurium DT I 04 from 
Swine Feces 

REBECCA C. ROBBINS, Lee-Ann Jaykus, and 
Wondwossen A. Gebreyes, North Carolina State 
University College of Veterinary Medicine, 4700 
Hillsborough St. Research Bldg. 476A, Raleigh, 

NC 27606, USA 

Introduction: Salmonella Typhlmurium is a ubi
quitous foodborne pathogen that is commonly iso
lated in swine production and processing, with phage 
type DT I 04, and is particularly important because of 
its high spectrum of antibiotic resistance. Develop
ment and validation of rapid methods for identification 
and quantitative analysis of this organism would aid In 
surveillance and prevention of transmission of anti
microbial resistant strains of Salmonella associated 
with contaminated pork. 

Purpose: The purpose of this study was to 
compare a quantitative real-time PCR (qPCR) and a 
most probable number (MPN) method for detection 
and enumeration of S.Typhimurium DTI04. 

Methods: A standard, produced by amplifying 
S. Typhlmurlum DT I 04 DNA with the blaPSE I 
primers, was used to construct a qPCR standard 
curve. DNA was extracted from feces obtained from 
previously challenged pigs and followed by qPCR 
amplification. Simultaneously, feces were serially 
diluted from I to 0.0 I g, inoculated into tetrathionate 
broth for enrichment, followed by culture on XLT 4 
agar. Presumptively positive colonies were confirmed 
by standard biochemical tests, and the number of 
colony forming units (CFU) determined by a MPN 
calculator. 

181 - Journal of Food Protection Supplement A 

PJ-35 

Results: The detection limit of the qPCR assay 
was 1.0 x I 03 genome copies/g feces. qPCR and MPN 
methods were correlated based on graphical trends. 
Fecal shedding of S. Typhlmurium ranged from > I I 0 
to < 0.3 CFU/g as calculated by MPN and 2.72 x I 07 

to < 1.0 x I 03 genome coples/g as determined by 
qPCR. The qPCR method provided a greater range 
of quantitative detection than did the parallel 
MPN assay. 

Significance: These data suggest that qPCR can 
accurately quantify fecal shedding of Salmonella, 
particularly when the organism is present In high copy 
number. Efforts continue to refine the qPCR method 
to improve the lower limit of detection and to apply 
the assay to Salmonella detection and enumeration in 
other complex sample matrices such as meats and 
eggs. 

Reverse-Transcriptase-PCR for the Rapid 
Detection of Salmonella Using invA 

Primers 

DORIS H. D'SOUZA, Faith J. Critzer, and David 

A. Golden, The University of Tennessee, Dept. 

of Food Science and Technology, 2605 River 

Drive, Knoxville,TN 37996-4591, USA 

Introduction: Recent outbreaks of Salmonella 
linked to fresh produce emphasize the need for rapid 
detection methods to help control outbreaks.Appli
cation of real-time PCR to foods remains challenging, 
especially for the detection of viable pathogens. 
Reverse-transcriptase-PCR (RT-PCR) detects the 
presence of mRNA (shorter half-life than DNA), with 
greater potential of detecting viable pathogens.The 
chromosomally located invA gene of Salmonella is 
required for host invasion and is widely used for the 
detection of this pathogen by PCR. 

Purpose: Detection of Salmonella was undertaken 
using newly designed primers based on the invA gene 
by RT-PCR and compared to real-time RT-PCR (rt-RT
PCR). 

Methods: Salmonella serovars Typhimurium and 
Enteritidis were grown (7.68 log CFU/ml) in Luria
Bertani broth (LB) at 37'C for 24 h, and RNA was 
extracted. Newly designed primers based on the invA 
gene (347 bp) were used in RT-PCR and rt-RT-PCR 
reactions, without and with SYBR green I, respectively 
(BioRad iCycler), on serially diluted RNA, followed by 
gel electrophoresis. All experiments were replicated 
at least twice. 

Results: Detection for both serovars using RT
PCR was lower (-2-log diluted RNA, ~5 log CFU/ml) 
than rt-RT-PCR (-4-log diluted RNA, ~3 log CFU/ml) 
by gel electrophoresis. Melt curve analysis showed Tm 
at 87.5'C with Ct values from 16-29 for up to 3 log 
CFU/ml. 

Significance: Rapid detection of Salmonella by 
rt-RT-PCR eliminates the need for gel electrophoresis 
with improved detection as compared to RT-PCR. 
Experiments with heat-inactivated overnight cultures 
of Salmonella are being carried out to compare det
ection to viable Salmonella.Assay validation is ongoing 
to determine absence of cross reactivity against a 
panel of food borne bacterial pathogens. Furthermore, 
optimization of the rt-RT-PCR and improved RNA 
extraction strategies should allow detection sensitivity 
to Increase.This method has tremendous potential to 
be applied to foods. 
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P3-36 lmmunomagnetic Chemiluminescence 
(IMC) Rapid Detection of Listeria spp. 

H. CEM YURTAS, William R. Dantzer,Jessica 
Saylor, Leena Griffith, Mary Brown,Alan Olstein, 
and Joellen M. Feirtag, University of Minnesota, 
1334 Eckles Ave., St. Paul, MN 55108, USA 

Listeria Is one of the emerging food pathogens of 
which public awareness has increased as food safety 
concerns broaden. The current detection methods 
for Listeria require timely procedures (i.e., pre-enrich
ment, selective enrichment, selective plating and 
genetic confirmation), which may take 2-3 days to 
have the results confirmed. Considering the fast pace 
of the food Industry, there is a strong need for a near
real-time detection method for the presence of List
eria in the food processing environment. PDX-lmmuno
Magnetic Chemiluminescence Listeria (PDX-IMC-List) 
is a unique, no enrichment, rapid screening assay for 
the detection of Listeria spp. In environmental samples. 
PDX-IMC-List is based on lmmunoselective capture of 
Listeria cells from an environmental sample by the help 
of magnetic beads coated with Lister/a-specific 
antibodies and allowing immunocaptured cells to react 
with a Listeria-specific chemiluminescent enzyme 
substrate. Performance of PDX-IMC-List has been 
tested in five different categories: inclusivlty-exclusivity, 
method comparison, ruggedness, combined lot-to-lot 
variability and shelf life, and real environmental 
samples from food processing facilities in the US. 
lncluslvity-exclusivity data suggested that PDX-IMC
List had I 00% sensitivity and 96.7% specificity. Based 
on the chi square values, method comparison studies 
suggested that there were no significant differences 
between the reference USDA method and PDX-IMC
List assay. Results of ruggedness studies suggested 
that instructions for use parameters needed to be 
followed carefully with volumes of test reagents being 
the most articulate. No significant difference was 
seen among three production lots after up to 2 
months of refrigerated storage. Studies conducted 
with naturally contaminated environmental samples 
(n = 327) showed that PDX-IMC-List had only 1% 
false negative and 8% false positive results. When 
PDX-IMC-List was used as a screening assay for 
environmental samples from a food processing facility, 
a 50% savings in further pathogen confirmation was 
achieved. 

P3-37 Affinity Magnetic Separation, a Novel 
Sensitive and Specific Method Drastically 
Reducing the Time of Enrichment for 
Listeria 

Michael Schuetz, Karolina Heed, Ingrid 
Wanninger, and JAN KRETZER, ProfosAG, 
Josef-Engert-Strasse 9, Regensburg, Bavaria 
93053, Germany 

One of the major food borne pathogens, Listeria 
monocytogenes, is difficult to control due to its ubi
quitous presence in food processing environments at 
low numbers and its ability to adapt to environmental 
stress.The natural properties of Listeria monocytogenes 
create a need for sensitive test methods in order to 
ensure food safety. In this study we evaluated the 

time-saving benefits and sensitivity of Affinity Magnetic 
Separation (AMS), a method based on bacteriophage 
derived Listeria Binding Protein. AMS enables the 
combination of specific cell capture with any subse
quent detection procedure ranging from nucleic-acid 
based methods to viable cell count. The initial step is 
the attachment of biotinylated Listeria Binding Protein 
to Listeria present in the pre-enriched food sample. In 
a second step, streptavidin coated magnetic beads are 
added to the sample and, after a short incubation at 
room temperature, the captured Listeria cells are 
separated from the sample using a large-volume 
magnetic separator. In order to analyze the detection 
limits of the method described, seven different food 
types were naturally contaminated or inoculated with 
low levels ( 1.0-12.0 CFU/25 g) of Listeria spp. to (I) 
measure growth rates of Listeria in different food 
enrichments, 2) estimate the detection limit of AMS 
and 3) assess the minimum time needed for pre
enrichment using AMS.Theoretical and observed 
growth rates of Listeria were compared and variation 
depending on food type was confirmed.The detection 
of Listeria using AMS required the presence of 1.0-4.0 
CFU/ml.At such low cell numbers, 60-90% of the 
Listeria were captured. Depending on food matrix, 
the time needed for pre-enrichment was estimated 
to 6-8 h. In summary, our data demonstrate that AMS 
improves the overall test sensitivity and the pre
enrichment time can be reduced down to 6-8 h to 
ensure the detection of one initial cell in 25 g food 
sample. 

P3-38 Characterization of an Affinity-purified 
Antibody Specific for Listeria spp. 

Katelin Mao, Sundeep Malhi, and JOSHUA 
D. LEVIN, KPL, Inc., 910 Clopper Road, 
Gaithersburg, MD 20878, USA 

Listeria bacterial species are ubiquitous in the 
environment, in the soil and on plants and animals. 
Among them, Listeria monocytogenes is the major 
foodborne pathogen that causes human llsteriosls. 
Listerlosis is associated with consumption of contami
nated food products.A high mortality rate of infection 
prompted the government to establish standards for 
detection of Listeria spp. in Ready-to-Eat foods. 
Immunoassay systems are efficient methods for early 
detection of Listeria spp. in order to fulfill these 
regulatory needs. However, rapid detection of Listeria 
using immunoassays is highly dependent on antibodies 
with a high degree of sensitivity and specificity for the 
organism. We have developed a highly specific 
polyclonal antibody for Listeria spp. for this purpose. 
The Listeria spp. antibody was compared to other 
commercially available antibodies and demonstrated 
high reactivity to all six Listeria species, as well as low 
cross-reactivity against closely related Gram positive 
organisms, including Enterococcus spp., Streptococcus 
spp., Lactococcus spp., and Staphylococcus spp. The 
antibody is capable of detection of greater than or 
equal to I 04 CFU/ml of Listeria cells. The results 
indicate that this antibody has excellent sensitivity and 
specificity towards detection of Listeria spp. following 
primary enrichment of suspect samples. 
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PJ-39 Evaluation of Cationic Magnetic Separa
tion Beads for the Capture of Escherichia 
coli O I 57:H7 

ALEXANDER GILL, Health Canada, Sir F. G. 
Banting Research Centre, 251 Sir Fredrick 
Banting Driveway, P. L. 2204A2, Ottawa, ON 
KIA 0K9, Canada 

Introduction: Verotoxigenic Escherichia coli (VTEC} 
are a major cause of foodborne illness. lmmunomag
netic separation (IMS) beads targeting the O antigen 
are limited in their application to a small proportion 
ofVTEC serotypes, such as E.coli O 157. Magnetic 
separation beads that capture microorganisms on the 
basis of non-serological surface properties might be 
an alternative for simultaneously recovering a wider 
range ofVTEC from foods. 

Purpose: The purpose of this study was to 
compare the ability of cationic magnetic separation 
(CMS) and IMS beads to capture E.coli O I 57:H7 from 
liquid or ground beef samples. 

Methods: The ability of CMS beads to capture 
VTEC from liquid or ground beef samples was 
assessed using the Pathatrix system (Matrix Micro
Science, Golden, CO) in triplicate experiments. 
Samples of Buffered Peptone Water (BPW) (25 ml) 
or ground beef (25 g) were inoculated with E. coli 
0 I 57:H7. Ground beef was sampled with CMS and 
IMS beads.Without pre-enrichment, samples were 
mixed with 225 ml of BPW and circulated though the 
Pathatrix system for 30 min at 25'C, After washing, 
recovered beads were spread plated onto sorbitol 
MacConkey agar. To determine if pH altered the 
affinity of the beads for cells, CMS beads were 
suspended in PBS at pH 7.2 and pH 4.0. 

Results: The lowest concentration of cells in 
BPW that could be reliably captured (3/3 trials) by 
CMS was 5.03 log CFU/ml. In ground beef, 5.88 log 
CFU/g for CMS and 1.82 log CFU/g for IMS, in the 
presence of a total aerobic count of 4.75 log CFU/g. 
Cells were found to be released from CMS beads In 
PBS at both pH 7.2 and pH 4.0. 

Signiffcance: These experiments show that CMS 
beads have a low affinity for E.coli O I 57:H7, though 
background flora did not interfere with capture from 
ground beef. 

PJ-40 Rapid Detection of Escherichia coli 
0 I 57:H7 in Minced Beef Meat Using 
Nucleic Acid Sequenced-based 
Am plication Technology 

CHRISTINE VERNOZY-ROZAND, Delphine 
Sergentet-Thevenot, Marie-Pierre Montet and 
Marion Bo3AP,Aile 3 niveau I, I Ave. Bourgelat, 
Marcy L'Etoile, 69280, France 

Introduction: Escherichia coli O I 57:H7 is an 
important emerging foodborne pathogen. It has been 
associated with bloody and non-bloody diarrhea, but 
more serious complications such as hemorrhagic 
colitis and haemolytic-uremic syndrome (HUS) can 
occur. Traditional and standardized analysis of food for 
the presence of this pathogen relies on methods that 
are laborious and time consuming.The molecular 
Nucleic Acid Sequenced-based Am plication (NASBA) 
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method provides a rapid alternative for detecting 
E.coli O I 57:H7 from food since only 1.5 h is required 
for amplification and detection. 

Purpose:The aims of our study were to investi
gate the specificity and sensitivity of the NASBA 
protocol, and to evaluate its performance In detecting 
E.coli O I 57:H7 in experimentally inoculated minced 
beef. 

Methods: Eighty-one isolates consisting of STEC, 
E.coli O I 57:H7, non-toxigenic E.coli and non E.coli 
were tested by NASBA to evaluate the specificity 
of the NASBA method. The NASBA's sensitivity was 
determined using 3 strains of E. coli O I 57:H7. 
Moreover, the performances of this new technology 
was checked for detecting E. coli O I 57:H7 from 
minced beef experimentally inoculated. 

Results: Specificity reached I 00% and the 
detection limit was between I 03 and I 04 CFU/ml in 
pure culture. Moreover, the NASBA technology was 
able to detect E. coll O I 57:H7 inoculated at a level 
of I to 4 CFU/25 g of minced beef in only 8 h of 
enrichment. 

Sign/ffcance:This study has emphasized that 
NASBA is a new, promising rapid method for 
detecting foodborne pathogens from food that gives 
results in less than one day, 

P3-4 I Detection of Enterohemorrhagic Esch
erichia coli O 157 and 026 and Food 
by Plating Methods and LAMP Assay: 
A Collaborative Study 

YUKIKO HARA-KUDO, N. Konishi, K. Ohtsuka, 
R. Hiramatsu, H.Tanaka, H. Konuma, and 
K. Takatori, National Institute of Health Sciences, 

1-18-1 Kamiyoga, Setagayaku,Tokyo, 158-850 I, 

Japan 

Introduction: Numerous infections with the 
enterohemorrhagic Escherichia coli (EH EC) serotype 
026 have occurred worldwide, although serotype 
0157 is the most major serotype of the pathogen. 
However, there are few effective detection methods 
to isolate serotype 026. 

Purpose: The purpose of this study was to 
evaluate the utility of a molecular detection method 
using a LAMP assay and culture methods In combina
tion with immunomagnetic separation (IMS) and 
plating onto agar media for the detection of E. coli 
0157 and 026 in food. 

Methods: Different laboratories participated in 
the study by conducting the trials to detect E.coli 
0157 and 026 from artificially inoculated ground beef 
and alfalfa sprout samples, using the same detection 
procedure.Twenty-five g of each sample were added 
to 225 ml of modified EC broth with novobiocin and 
then Incubated at 42 ± I 'C for 20 ± I h.The culture 
was streaked onto selective agar media directly and 
after IMS, and also tested by the LAMP assay for the 
Verocytotoxln (Shiga Toxin) gene. 

Results: E. coli O 157 was detected in most 
samples of ground beef and alfalfa sprouts by the 
LAMP assay, the direct plating and the IMS-plating 
methods. E.coli 026 was detected in approximately 
I 00% of the food samples by the LAMP assay. How
ever, the direct plating and IMS-plating methods 
recovered 50 and 80% in ground beef samples, res
pectively. The results suggest that the LAMP assay is 
superior to the IMS-plating method. 
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Significance: Based on these results, it appears the 
LAMP assay is effective as a screening assay to isolate 
E.coli O 157 and 026 from food samples. 

A Novel Most-Probable-number Plate 
Developed for Use with the 5-tube MPN 
Table 

HIDEMASA KODAKA and Hideaki Matsuoka, 
Nissui Pharmaceutical Co., Ltd., I 075-2, 
Hokunanmoro,Yuki, lbaraki, 307-0036,Japan 

/ntroduetion:The most-probable-number (MPN) 
method is useful for estimating the number of bacteria 
in a sample.We have developed a MPN plate for the 
enumeration of coliforms that can be used with a 
5-tube MPN table. 

Purpose:The purpose of this study was to 
evaluate a novel MPN plate developed for the 
enumeration of coliforms in a sample. 

Methods: Sterilized water was inoculated with 
Escherichia co/iATCC 11775 to give between 2-1600 
MPN/ I 00 ml. One-hundred ml of this sample was 
added to EC Blue I 00 (granulated Chromogenic 
powder medium for I 00 ml in a special plastic bottle 
sterilized by electron beam).After the powder was 
completely dissolved, the mixture was inoculated onto 
the MPN plate. The original sample and two I 0-fold 
dilutions were used for 5-tube-method with EC Blue 
IO for IO ml. Growth of E.coli was indicated by the 
development of blue color after incubation at 35'C 
for 24 h.The MPN was determined for both methods 
from the 5-tube MPN table. Results were calculated as 
log MPN/100 ml.The slope and intercept values were 
determined by linear regression analysis.The statistical 
analysis was performed usingANOVA. 

Resu/ts:The mean log MPN with standard dev
iations in 64 samples was 1.87 ± 0.70 by the MPN 
plate and 1.89 ± 0.74 by the 5-tube-method. These 
data were not significantly different uslngANOVA 
(P > 0.05). The correlation coefficient, slope, and 
intercept between the MPN plate and 5-tube-method 
was 0.97, 0.92, and 0.13, respectively. 

Signiflcance:These data suggest that the MPN 
plate may be useful for determining the MPN without 
the need for the traditionally labor intensive dilution 
procedures and multiple tubes. 

Detection of Shigella spp. Using a 
Selective and Differential Chromogenic 
Plating Medium 
LAWRENCE RESTAINO, Elon W. Frampton, 
William C. Lion berg, and Anthony L. Restaino, 
R and F Laboratories, 2725 Curtiss St., 
Downers Grove, IL 605 15, USA 

A selective and differential plating medium (R & F 
Shigella spp. Chromogenic Plating Medium) (SSPM) 
has been developed that differentiates presumptive 
colonies of Shigella species (S. sonnel, S. boydii, S. flexneri, 
and S. dysenteriae) from other related gram-negative 
enteric bacteria.The mechanism of differentiation 
used in SSPM involves a series of positive color 
reactions produced only by the non-Shigel/a spp., 
whereas Sh/gel/a spp. are defined by a series of 
negative reactions.This differentiation is accomplished 
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by a combination of carbohydrate substrates in a 
growth medium containing phenol red and chromo
genlc and inducer substrates that are fermented and/ 
or cleaved only by the non-Shigel/a spp. with color 
production by the Shigel/a spp. remaining inactive. On 
SSPM after 24-28 h at 35-37'C, the four Shigella spp. 
appear as clear to white colonies, whereas other 
gram-negative enterlcs appear on a plate as yellow, 
yellow-green, green, or blue colonies clearly differenti
ating them from the Shigella spp. On SSPM, 34 pure 
culture strains of Sh/gel/a spp. appear as clear to white 
colonies 1-3 mm in diameter without a surrounding 
precipitate in 24-28 h at 35'C. Escherichia coli, 
Enterobaeter aerogenes, Salmonella enterica serovars 
Derby and Dusseldorf, and Klebsiel/a pneumoniae 
appear, respectively, as yellow/yellow-green, green, 
yellow, and green colonies. Additional selectivity of 
SSPM Is evidenced by the lack of growth of common 
species of five gram-positive genera (Bacillus, Staphylo
coccus, Laetobacil/us, Pediococcus and Enterococcus). 

Isolation and Infection of Potential 
Foodborne Viral Pathogens 

KIRSTEN A. HIRN EISEN, Dallas G. Hoover, and 
Kalmia E. Knie!, University of Delaware, 044 
Townsend Hall, 531 S. College Ave., Newark, DE 
19716, USA 

Introduction: Foodborne illness cases attributed to 
viruses are likely underreported due to difficulties of 
detection from foods. Pathatrix (Matrix Microscience) 
allows for rapid detection of viruses from large food 
samples by recirculation through immobilized cationic 
beads. 

Purpose:This study assessed the use of cationic 
beads for the initial isolation followed by virus infect
ivity of bound and released virus. Food samples 
include Ready-to-Eat foods that have been involved in 
foodborne outbreaks. 

Methods: Salsa or a representative food sample 
(25g + 225 ml water) was inoculated with virus from 
3 representative families (Callcivlridae, Poxviridae, 
Picornovirldae) and analyzed with Pathatrix, using 
cationlcally-charged paramagnetic beads. After 
sampling, the beads were treated with a basic elution 
buffer (3% beef extract) or a 0.1 N HCI solution to 
release the virus. Presence of the virus attached to 
and released from the beads was shown by PCR and 
virus cell culture lnfectivity byTCID50• 

Results: Both bead treatments (basic elution 
buffer and HCI solution) had a positive effect on the 
release of the virus, as shown by PCR for hepatitis A, 
Aichi virus and feline calicivlrus. From salsa samples, 
I 00% recovery ( I 09 initial inoculum) of two picor
noviruses (hepatitis A and Aichi) was observed from 
cell culture infectivity, and for both viruses ~ 50% 
(4.6-5.6 log) virus bound was released after incuba
tion in the basic elution buffer. In the HCl-solution 
more hepatitis A was released from the beads (6.1 
log) compared to Aichi (5.3 log). The large pox virus 
did not bind as effectively to the cationic beads (5 log 
recovered from I 07 initial inoculum). 

Signiflcance:This data suggests that foodborne 
viruses can be removed from the cationic beads for 
use in cell culture. Unlike traditional PCR methods, 
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cell culture analysis of the treated cationic beads 
allows for the determination of the active virus 
present in foods. 

PJ-45 Withdrawn 

PJ-46 Universal M 13 Tailed Primers for Use 
in Sequencing PCR Products with Degen
erative Primers or Short Amplicons 

JACQUELINA W. WOODS, Narjol Gonzalez

Escalona, and William Burkhardt Ill, FDA, 
I Iberville Drive, Dauphin Island, AL 36528, USA 

Norovirus and Hepatitis A (HAY) are recognized 
as leading causes of foodborne Illnesses in the United 
States. Advancements in research have lead to the 
development of rapid and sensitive molecular 
techniques for the detection of both enteric viral 
pathogens. DNA sequencing is generally considered 

the gold standard for accurate viral genotyping in 

support of epidemiological investigations. Unfortu

nately, due to the genetic diversity of noroviruses, 

degenerative primer sets are often used in RT-PCR for 

the detection of these viruses. As is the case of both 

HAY and norovirus, some cDNA amplicons produced 

byTaqMan style assays are generally small (90-125 bp) 

and are not suitable for direct sequencing. Therefore, 

cDNA fragments are generally cloned prior to seq

uencing, which is both time and labor intensive. in 

order to overcome these obstacles, norovirus and 
HAY primers were each tailed with the universal M 13 

forward and reverse primers.This modification adds 

to the overall sequenced product size and allows for 
direct sequencing of the amplicons utilizing comple

mentary M 13 primers. In this present study, 8 samples 

were analyzed using this method and multiple align

ments of the sequenced samples revealed .a 85 

nucleotide identities among the norovirus or HAY 

products tested.Tailing with MI 3 primers offers an 
alternative to cloning and allows for more accurate 
and direct sequencing of cDNA products produced 
by RT-PCR assays. 

PJ-47 Enterobacter sakazakii Can be Detected 
Simultaneously with Salmonella Using a 
Chromogenic Agar Plating Medium 

Jeremy Chenu and JULIAN COX, The University 

of New South Wales, Sydney, NSW 2052, 
Australia 

Introduction: Enterobaeter sakazakii (Es) has been 
associated with morbidity and mortality in infants, 
transmitted though infant milk formula (IFM). It has 
been recommended that methods be developed for 
improved isolation of Es and also Salmonella from IFM 
and related matrices. During a more general study of 
foods, Es was found to grow well on CHROMagar 
Salmonella (CS). 

Purpose:The aims of this study were evaluate 
Isolation of Es, as well as the simultaneous detection 
of Salmonella and Es, on CS. 

Method: The colony morphology on CS of a 

collection of clinical and food Es isolates as well as a 

range of Enterobaeteriaceae was determined. Growth 
in various enteric enrichment broths and detection on 
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CS were determined for Es and Salmonella, alone and 
in co-culture, with or without food matrix. 

Results:AII Es isolates produced 1-2 mm dark 
('Prussian') blue colonies after 24 h at 37'C with 
development of a diffuse purple halo around the 
colony between 24 and 48 h. Some related enteric 
bacteria were similarly pigmented, but only after 48 h. 
Both Es and Salmonella grew well in BPVV, EE, RV and 
TT broths, alone or In co-culture. Both organisms 

were recovered on CS after pre-enrichment in BPW 

and selective enrichment in RV and TT from a range 

of co-inoculated foods, including I FM.With a limited 
number of samples, this method was slightly better 
than that advocated by the FDA for detection of Es. 

Significance:The results indicate that CS is 
suitable not only for the isolation of Enterobaeter 
sakazakii, but also for the simultaneous detection of 
Es and Salmonella from selected foods using enrich
ment protocols designed for the latter bacterium. Use 
of the same enrichment and a single plating medium 
greatly facilitates the screening of high-risk food 

products such dairy powders and their derivatives for 

two significant pathogens. 

A Comparison of RNA Versus DNA-based 
Amplification Methods for the Discrimin
ation of Viable from Non-viable Bacterial 
Cells 

JAMES E. BINGHAM, Blanca I. Escudero-Abarca, 

Helen Rawsthorne, and Lee-Ann Jaykus, North 

Carolina State University, 313 Schaub Hall, 

Campus Box 7624, Raleigh, NC 27695, USA 

Introduction: Although nucleic acid-based 
foodborne pathogen detection strategies offer 
promise, a consistent concern has been their poor 
correlation to bacterial cell viability, largely due to 
long-term persistence of DNA even after cell death. 
Evidence has suggested that RNA may be a better 
target than DNA for detection of viable cells. 

Purpose: The purpose of this study was to 

compare a real-time RNA amplification method 

(nucleic acid sequence-based amplification or NASBA) 

to a similar real-time DNA-based PCR method with 

respect to the ability to detect viable bacterial cells. 

Salmonella enterica serovarTyphimurlum was chosen 

as the model, and detection limits of the assays were 

compared both before and after heat inactivation of 

the pathogen. 
Methods: Ten-hour (late log phase) cultures of 

S.Typhimurium were subjected to different time and 
temperature conditions (no heat, 5 min at 60°C, 20 

min at 60°C, and 15 min at 121 °C) followed by 

immediate isolation and purification of both DNA and 
RNA Real-time PCR and NASBA (using an mRNA 

target) assays, which were based on a fluorescent 

molecular beacon detection platform (bioMerieux, 
Lyon, France), were optimized to establish definitive 

detection limits and then applied to serially diluted 

nucleic acid extracts obtained from the untreated 
(control) and heat-treated S. Typhimurium cultures. 

Results: For RNA extracted from live cells ( I 08 

CFU/ml) and those that had been heat treated for 5 
min at 60°C (which resulted in a 4 log inactivation) 

and 20 min at 60°C (complete Inactivation), NASBA 
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detection limits were similar. However, there was a 2 
log drop in detection limits when NASBA was applied 
to the RNA obtained from autoclaved cells of 
S.Typhimurium. Real-time PCR detection limits were 
equivalent for DNA extracted from all samples, 
regardless of heat treatment. 

Signif,cance:The RNA-based amplification assay 
was more Indicative of bacterial cell viability than was 
a parallel DNA-based amplification assay, suggesting 
that RNA may be a more reliable target in this regard. 
Further studies are underway to compare RNA 
versus DNA targets with respect to detection of 
viable and non-viable cells present in representative 
food matrices. 

PJ-49 Novel Method for Concentrating Bacteria 
from Biological Liquid Samples for Direct 
Real-time PCR Detection (No Pre
enrichment) 

MAXIM G. BREVNOV, Robert S.Tebbs, Olga V. 
Petrauskene, and Manohar R. Furtado, Applied 
Biosystems, 850 Lincoln Centre Drive, Foster 
City, CA 94404, USA 

lntroduction:The presence of pathogenic organ
isms in food and the environment is a constant theat 
to public health. Foodborne pathogen testing is a 
major focus of food industries. In order to reach low 
level of detection, classical methods require up to one 
week that includes a significant amount of time spent 
on culturing bacteria.A major hindrance to direct (no 
pre-enrichment) detection are low pathogen counts, 
the presence of inhibitors and other extraneous 
materials. 

Purpose:To increase sensitivity and reduce the 
time for pathogen detection, the study was designed 
to develop a direct (no pre-enrichment) method for 
efficient bacteria isolation from poultry rinses 
followed by rapid real-time PCR analysis. 

Methods: We designed an integrated device that 
filters particulate materials and has membranes to 
capture and concentrate the pathogens from large 
volume of biological liquid samples such as chicken 
rinse (that is widely used in poultry testlng).We 
recently developed a multiplex four-color real-time 
PCR assay for detection of Campylobacter pathogen 
strains. This assay was used for bacterial enumeration. 

Results: Campylobacter jejuni was detected In real 
chicken rinse samples with high sensitivity. Significant 
Ct shift (~10 Ct) was observed when samples were 
tested before and after concentration using our newly 
developed filtration and capture procedure.This shift 
corresponds to about I 000 fold of enrichment. The 
protocol exhibited highly efficient removal of inhib
itors as evidenced by improved Ct values for the 
internal positive control. 

Signif,cance:The method enables concentration of 
pathogens in chicken rinses with efficient removal of 
inhibitors that improves sensitivity.The direct (no pre
enrichment) sample preparation combined with real
time PCR analysis provided more precise quantitation 
results compared to enrichment protocols. 

PJ-50 Isolation of Vibrio vulnlficus by lmmuno
magnetic Separation Using Anti-H 
Monoclonal Antibodies 

RAVIRAJSINH P. JADEJA, Janet G. Simonson, 
and Marlene E.Janes, Louisiana State University, 
Dept. of Food Science, Baton Rouge, LA 70803, 
USA 

Introduction: Vibrio vulnif,cus Is considered one of 
the most lethal of all human pathogenic vibrios, 
accounting for 95% of all seafood related deaths in the 
United States. One approach to Improve the recovery 
and detection sensitivity of V. vulnlf,cus without 
sacrificing assay time Is though the use of immuno
magnetic separation (IMS). 

Purpose:To develop and optimize an IMS protocol 
using anti-H antibody for the concentration of V. vul
nif,cus from phosphate buffered saline (PBS) suspen
sions. 

Methods: Six monoclonal antibodies were 
produced by immunizing mice at 2 week intervals by 
injection of 50 µg of purified V. vulnif,cus ATCC 27562 
flagellin. Murine spleen cells were collected and fused 
with myeloma cells for hybridoma production. Anti
bodies were purified from cloned hybridomas secret
ing anti-H lgG and analyzed by ELISA, using V. vulnif,cus 
polar flagellar cores bound to microtiter plates. Anti
body exhibiting a high anti-H titer was then coated 
onto sheep anti-mouse lgG immunomagnetic beads 
(1MB) at a concentration of 4 µg/10 7 beads.The anti
body-coated 1MB were mixed with Vibrio cell suspen
sions on slides and coagglutinatlon reactions observed. 
To determine binding capacity, 107 1MB were coated 
with 1-10 µg monoclonal lgG and incubated with 102

-

103 V. vulnif,cus cells/ml PBS on a shaker at 25°C for 30 
min.After magnetic separation, the aspirated superna
tant fluid was spread onto agar plates and incubated 
overnight, and after which the number of unbound 
V. vulnif,cus was determined. 

Results: Starting with 25 g lgG, ELISA anti-H titers 
ranged from 128 to >2048.The anti-body-coated 1MB 
coagglutinated 70 ( I 00%) of V. vulnif,cus clinical and 
environmental strains within 30 s and did not react 
with 9 different Vibrio spp., including 42 V. parahae
molyticus strains. 1MB coated with antibody bound 
between 20-40% of the bacteria at a concentration 
of I 02- I 03 V. vulnif,cuslm I. 

Signif,cance:An IMS method utilizing anti-
V. vulnif,cus H antibody would enhance the recovery 
and detection of this pathogen from environmental 
sources. 

PJ-51 Comparison of Real-time PCR with 
Conventional Culture for Detection of 
Yersinia enterocolltica in Environmental 
Swabs 

DIANA STEWART, David Laird, Karl Reineke, 
and Mary Lou Tortorello, FDA, 6502 S Archer 
Road, Summit-Argo, IL 6050 I, USA 

Introduction: Environmental monitoring can be 
useful for identifying sources of contamination and for 
evaluating efficiency of cleaning procedures. However, 
more work needs to be done on comparison of 
various environmental monitoring methods for 
optimum recovery of contaminants. 

Journal of Food Protection Supplement A - 186 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/sp1/1/1679800/0362-028x-70_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

P3-52 

Purpose: The objective of the study was to 
compare the efficiency of quantitative real-time PCR 
and conventional culture for recovery of the 
foodborne pathogen Yersinia enterocolitica (YE) from 
environmental swabs of stainless steel surfaces. 

Methods: Approximately 6 log CFU of stationary 
phase YE cells were spotted onto stainless steel plates, 
dried, and stored at 25'C for 0, 5, 24 and 48 h. 
Triplicate spots were sampled at each time point. Cells 
were recovered by swabbing each spot with a 
hydrated Sped-Sponge® 5X bi-directionally.After 
stomaching the swabs, viable cell numbers were 
determined from eluates by direct plating on tryptic 
soy yeast extract agar. DNA was extracted from 
eluates and tested for the presence of a YE-specific 
I 6S rRNA gene fragment by quantitative real-time 
PCR, using a standard curve of genomic DNA for 
reference. 

Results: As determined by direct plating, numbers 
of viable YE cells in swab eluates dropped from 6 log 
CFU/ml to 3 log CFU/ml within 5 h and were below 
the detection limit by 24 h. The real-time PCR assay 
quantified YE I 6S rRNA genome equivalents within 
I log of the initial level for all replicates at all time 
points though 48 h. 

Significance: Detection and quantification ofYE 
DNA from environmental swabs by real-time PCR 
was demonstrated. Compared to conventional culture, 
real-time PCR provides greater sensitivity and allows 
detection and enumeration of viable or non-viable 
contaminants. PCR may be useful for tracking sources 
of microbial contaminants in the processing environ
ment regardless of cell viability, although additional 
work is needed to investigate potential environmental 
inhibitors of the PCR. 

Evaluation of Commercial Rapid Assay 
Kits and a Conventional Culture Method 
for Detection of Salmonella, Listeria, and 
Escherichia coli O 157 in Traditional Korean 
Foods 

Jung-Yoeun Park, KUN-HO SEO, Hee-Yun Kim, 
and Jong-Seok Park, Konkuk University, College 
of Veterinary Medicine, I Hwayang-dong, 
Gwangjin-gu, Seoul, 143-70 I, Korea 

Two commercial kits,VIDAS® (bioMerieux, 
Marcy-l'Etoile, France) and Reveal® test kits (Neogen 
Corp., Ml, USA), for the detection of Salmonella spp., 
Listeria spp. or monocytogenes, and Escherichia coli 
0157 were validated by comparing the kits to the 
Korean Food Code Bacterial Analysis Manual 
(KO BAM) methods, using traditional Korean foods. 
Food types were inoculated with Salmonella, Listeria, 
and E.coli O 157 at three different levels: a high level 
where all positive results were expected, as positive 
controls; a medium level where predominantly 
positive results were anticipated; and a low level 
where fractional recovery was predicted. For each 
food category and inoculum level, twenty samples 
were analyzed by the KOBAM, Reveal, and VIDAS® 
method. For each set of samples, five uninoculated 
controls were Included.There was no statistical 
difference between the two commercial kits and the 
KOBAM methods for the three food pathogens when 
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the inoculum levels were high (more than I 00 CFU/ml 
or g) and medium (I- 10 CFU/ml or g). However, 
when the inoculum level was low (less than I CFU/ml 
or g), the sensitivity of each method was not homoge
neous. It was notable that the 8-h enrichment time for 
Reveal 8-h kit for E.coli O 157 was not enough to 
support the growth of the bacteria to detectable 
levels of the kit in certain Korean traditional foods 
such as fermented fish products. The current study 
showed that the inoculum level that gives fractional 
positives and the number of the test samples that fit 
for the statistical analysis were the key elements for 
the validation of rapid detection kits for foodborne 
pathogens. 

Exclusion of a False Positive Strain, 
Escherichia vulneris, from a Chromogenic 
Agar Plate for Specific Detection of 
Enterobacter sakazakii by Supplementing 
with Glucose 

Kwang-Young Song, KUN-HO SEO, and Robert 
E. Brackett,.Konkuk University, College of 
Veterinary Medicine, I Hwayang-dong, 
Gwangjin-gu, Seoul, 143-70 I, Korea 

Escherichia vulneris has caused false positive 
results on a chromogenic agar media (Druggan
Forsythe-lversen; DFI agar, Oxoid, Hampshire, UK) 
that uses 5-bromo-4-chloro-3-indolyl-a, D-glucopy
ranoslde, the chromogenic substrate of a-glucosidase. 
In this study, we supplemented the chromogenic agar 
with glucose at the ratio of IO g per liter to eliminate 
the false-positives producing a modified DFI agar 
(mDFI). E. sakazakii strains showed blue-green on both 
DFI and mDFI agar while E. vulneris showed blue green 
colonies as false positive on DFI agar but small white 
colonies on mDFI agar. E. sakazakii and E. vulneris 
were also readily differentiated by colony color when 
the mixed culture of the two strains was plated on 
mDFI agar and incubated for 24 h.Thls study showed 
that the mDFI agar could be used for eliminating 
E. vulneris and other false positives from DFI agar by 
simple supplementation with glucose. 

Ten-minute Assay for Detecting Staphylo
coccal Enterotoxin B in Apple Juice Using 
Pie:zoelectrically-excited Millimeter-sized 
Cantilever Sensors 

DAVID MARALDO and Raj Mutharasan, Drexel 
University, 3 141 Chesnut St., Philadelphia, PA 
19104,USA 

Introduction: Detection of Staphylococcal Entero
toxin B (SEB) in fruit juices and milk is conventionally 
done using ELISA, which uses labeled reagents, and 
requires about I h from sampling. 

Purpose: The purpose Is to develop a rapid assay 
for detecting SEB in apple juice, using PEMC sensors. 

Methods: Piezoelectric-excited millimeter-sized 
cantilever (PEMC) sensors were immobilized with 
polyclonal antibody (Ab) to SEB and tested for SEB 
detection in apple juice spiked with I 00 femtograms 
and with I and IO picograms of SEB in I ml sample. 

Results: The PEMC sensor's resonant frequency 
decreases when target SEB binds to the surface
immobilized antibody. The total resonant frequency 
change obtained for the samples was 295 ± 29 (n = 2), 
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225 ± 15 (n = 2) and 553 ± 19 Hz, corresponding to 
SEB concentration of 25 fg/ml, 250 fg/ml and 2.5 pg/ 
ml, respectively. Positive detection of the target toxin 
In apple juice in the sample solution was observed 
within IO min. The response to control samples was 
negligible. Apple juice that was not spiked with SEB 
and PBS buffer gave responses of -10 ± 17 and -7 ± 
22, respectively. Positive verification of SEB attach
ment was confirmed by second antibody, which 
resulted in a further change of 181 ± 33 Hz (n = 2). 
The results indicate that reliable detection of SEB at 
I 00 femtograms/ml in IO minutes can be achieved 
without sample preparation, and with label-free 
reagents. 

Significance: The method developed in this study 
provides I 0-min detection of a food toxin In fruit 
juice. The method can be extended to other toxins 
and other juice and milk matrices. The detection limit 
determined is about a factor of I 0,000 times better 
than the conventional ELISA assay, and In a much 
shorter time-to-result. 

Isolation and Characterization of Salmon
ella Bacteriophages for Produce 
Biocontrol Applications 
LYNN MCINTYRE, Hany Anany, Danielle Gray, 
and Mansel W. Griffiths, Institute of Environmen
tal Science and Research (ESR) Ltd., P.O. Box 29 
181, Christchurch, 8045, New Zealand 

Introduction: Bacteriophages are one purported 
means to combat bacterial pathogens on fresh pro
duce. However, phage-mediated control of Salmonella 
spp. in sprouted seeds and on fresh-cut and whole 
vegetables has produced disappointing results despite 
high phage:host ratios. Isolating phages with better 
lytic activity Is one option to improve the success of 
this approach. 

Purpose: To isolate and characterise highly lytlc 
Salmonella-specific phages to enhance pathogen 
biocontrol. 

Methods: A cocktail of five Salmonella hosts was 
used in an agar overlay method to optimize phage 
isolation from sewage. Following plaque purification, 
host ranges and lytic activity were determined, using 
spot testing and automated turbidimetry. 

Similarities between isolated phages were investi
gated using restriction fragment length polymorphism 
(RFLP) and transmission electron microscopy (TEM). 

Results: Twenty-eight isolated phages, which 
clustered Into four groups based on host range 
testing, demonstrated varying degrees of host
dependent lytic activity irrespective of concentration. 
The "Group 2" phages exerted the greatest lytic 
activity, but failed to infect 2 of the 8 group B isolates 
and all 7 of the group CI isolates tested. Automated 
turbidimetry provided more useful host range and 
quantitative lysis data than the spot test overlay 
method. TEM was able to distinguish between phages 
on the basis of differing viral length but the RFLP 
analyses were inconclusive, suggesting that further 
optimization of the methodology Is required. 

Significance: Phages against bacterial pathogens 
such as Salmonella can be easily Isolated and combined, 
making this a very flexible and inclusive approach to 
combat a variety of food safety Issues. It Is anticipated 

that the FDA's recent approval of Listeria monocyto
genes-specific phages for Ready-to-Eat meat and 
poultry applications will generate significant Interest in 
this approach for other Ready-to-Eat commodities 
such as fresh produce. 

P3-56 Development of a Rapid Method for the 
Isolation and Detection of Enterobacter 
sakazakii and Salmonella spp. in Xanthan 
Gum 
ADRIAN PARTON, John S. Murray, Nicole 
Prentice, Michael F. Scott, Paul A. Hall, and 
Adrian Parton, Matrix MicroScience, Lynx 
Business Park, Fordham Road, Newmarket, 
Cambridgeshire CB8 7NY, UK 

Xanthan gum (E415) is a versatile ingredient 
widely used In the food industry as a thickener, 
lubricant, suspending agent, emulsifier and foam 
stabilizing agent. Xanthan gum produces a highly 
viscous gel and is extremely resistant to enzymatic 
degradation.'lt presents a challenging matrix for 
detection of bacterial pathogens such as Salmonella 
spp. and Enterobaeter sakazakil. The food industry 
would benefit from a sensitive and rapid pathogen 
detection method, capable of analysing samples larger 
than the 5 g samples that are currently tested. The aim 
of the study was to develop a rapid and sensitive 
method for the detection of Salmonella spp. and 
Enterobaeter sakazakii present at low levels ( 1-10 
CFU/ 25 g) in larger test samples of Xanthan gum. 
Samples of Xanthan gum (25 g in 2.475L of BPW) 
were inoculated with low levels 1-10 CFU/25 g of 
Salmonella spp. and Enterobacter sakazakii and were 
pre-enriched for 7 h at 37°C. A 30-min Re-circulating 
lmmunomagnetic Separation (RIMS) system was used 
to simultaneously and selectively concentrate the 
target bacteria from the samples. The bead bacteria 
complexes were then spread onto selective agar 
plates as follows; XLD and BGA for Salmonella spp.; 
Chromogenic agar streak plating (DFI formulation, 
Oxoid) andVRBGA pour plate with overlay for 
Enterobaeter sakazakil.The data showed that RIMS 
linked to selective agar plating could detect Salmonella 
spp. and Enterobaeter sakazakii present at low levels 
( 1-10 CFU/25 g), and data correlated I 00% with the 
conventional methods. The method developed is both 
sensitive and rapid (< 24 h). It offers significant 
benefits to manufacturers by allowing the rapid 
analysis of larger sample sizes, hence improving the 
safety of the product. 

P3-57 Development of a Rapid Assay for the 
Detection of Listeria spp. in Environmental 
Swabs Using Re-circulating lmmuno
magnetic Separation Linked to Real-time 
PCR {RT-PCR) 

John S. Murray, Nicole Prentice, Michael F. Scott, 
Paul A. Hall, and ADRIAN PARTON, Matrix 
MicroScience, Lynx Business Park, Fordham 
Road, Newmarket, Cambridgeshire CB8 7NY, 
UK 
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The rapid detection of Listeria spp. in environ
mental swabs can help facilitate the identification of 
problem areas In a production facility and help to 
Improve the overall HACCP process. The aim of this 
study was to develop a rapid and sensitive method for 
the analysis of environmental sponge and/or cotton 
bud swabs, which allows the detection of Listeria spp. 
present at low levels ( 1-10 CFU/ swab) in less than 24 
h. One-hundred Individual foam and one hundred 
cotton bud swabs taken from environmental surfaces 
were used.Twenty of each one-hundred swab types 
were Inoculated with L monocytogenes at low levels of 
1-10 CFU/swab and all swabs were pre-enriched 
individually in 50 ml of Half Fraser broth for 24 h at 
30'C.Ten ml aliquots from the individual swabs were 
pooled to create a single composite sample com
prised of one positive swab and four unlnoculated 
swabs. All swab samples were also analyzed using the 
FDA BAM reference method. A total of 40 pooled 
swabs (representing 200 samples) were analysed using 
a re-circulating lmmunomagnetic Separation (RIMS) 
system for 30 min to allow the capture and concen
tration of any Listeria in the samples. The recovered 
bead-bacteria complexes were then further analysed 
by RT-PCR and selective agar plates were used as 
detection systems. The data demonstrated a I 00% 
correlation between all methods i.e., RIMS linked to 
either RT-PCR or selective agar plate and the FDA 
BAM method.This method Is both rapid and sensitive 
and offers significant benefits to food producers.The 
method can be easily Incorporated into HACCP 
regimens within food producing facilities. 

PJ-58 Rapid Isolation and Detection of Salmon
ella spp. from Chocolate Crumb, Cocoa 
Liquor and Cocoa Butter Using Re
circulating lmmunomagnetic Separation 
Linked to Real-time PCR 

John S. Murray, Nicole Prentice, Michael F. Scott, 

Paul A. Hall, and ADRIAN PARTON, Matrix 

MicroScience, Lynx Business Park, Fordham 

Road, Newmarket, Cambridgeshire CBS 7NY, UK 

Chocolate crumb, cocoa liquor and cocoa butter 
present challenging matrices for the rapid detection 
of Salmonella spp. The chocolate industry needs a 
method for the detection of Salmonella spp. at low 
levels. The aim of the study was to develop a rapid and 
sensitive method capable of analyzing large samples 
for the isolation and detection of Salmonella spp. at 
levels of 1-10 CFU/ 500 g in chocolate crumb and 
1-10 CFU/25 g of cocoa liquor and cocoa butter. I 00 
x I 00 g crumb samples were used, with twenty being 
inoculated individually with Salmonella Montevideo at 
1-10 CFU/sample. Enrichment in 900 ml pre-warmed 
{37°C) Brilliant Green Milk Broth (BGMB) was 
overnight. Similarly treated 50 x 25 g cocoa liquor/ 
butter samples were used. Re-circulating lmmuno
magnetlc Separation (RIMS) was used to selectively 
concentrate Salmonella spp. from pooled samples, 
( I x 50 ml Inoculated + 4 x 50 ml unlnoculated 
enriched samples). The bead-bacteria complexes were 
analyzed using RT-PCR and selective agar plates. FDA 

189 - Journal of Food Protection Supplement A 

BAM Salmonella spp. method was used as the ref
erence method.The data indicated that there was 
I 00% correlation between the reference method and 
either RIMS linked to RT-PCR or selective agar plates 
at low levels ( 1-10 CFU/sample) for all sample types. 
Detection was achieved after only 16 h pre-enrich
ment. This method showed increased sensitivity over 
current PCR-based methods as well as a faster time 
to result(< 18 h including RT-PCR). It offers significant 
benefits to chocolate producers because pooling 
allows for larger sample sizes.The method also allows 
manufacturers to adopt a positive release system for 
their product. 

PJ-59 A Simple Enrichment and Lateral Flow 
Assay for the Rapid Detection of Salmo
nella in Poultry Environmental Samples 

JINGKUN LI, DougWaltman,Joe Schultz,and 

Kenton Kreager, Strategic Diagnostics, Inc., 
128 Sandy Drive, Newark, DE 19713, USA 

Salmonella testing in poultry environmental 
samples is a critical step for poultry breeding stocks 
and hatchery products with respect to freedom from 
hatchery-disseminated diseases. Currently, almost all 
of the testing Is conducted according to the conven
tional USDA/FSIS cultural method, which takes 4-7 
days before a negative result can be reported. This is 
very labor intensive and time consuming.A simple 
lateral flow immunoassay method that followed 
a two-media and single-transfer enrichment protocol, 
i.e., RapidChek® SELECT'" Salmonella, was evaluated 
for chicken house samples, including environmental 
drag swabs, feed, feces, chick fluff and chick paper from 
at least 5 locations. These types of samples typically 
have very high microbial load, up to I 09 CFU/sample. 
A total of 574 samples were tested by four indepen
dent laboratories as side by side comparison between 
the cultural method and the lateral flow method, of 
which 125 and 162 confirmed positives were identi
fied, respectively. For this simple enrichment and 
lateral flow method, a sensitivity of 98% and specificity 
of 95% were demonstrated for these samples. This 
method was granted approval as an official method by 
the National Poultry Improvement Plan at its 38th 
Biennial meeting in 2006.Apparently, the ease of use, 
low cost of use and superior performance associated 
with this method will make It a very valuable tool for 
Salmonella testing for this market. 

PJ-60 A Comparative Study of Four Alternative 
Methods and the ISO 6579 Method for 
the Detection of Salmonella spp. in Food 
Products 

BERENGERE GENEST and Joel Crociani, 
Silliker Cergy, IO Les chateaux Saint Sylvere, 
950 I I Cergy cedex, bioMerieux, R&D 
Microbiologie lndustrlelle, chemln de l'Orme, 

69280 Marcy l'Etoile, Lyon, 69280, France 

Salmonella Is one of the most important patho
gens responsible for food poisoning worldwide. 
Because of Its low Infective dose, regulations require 
the total absence of Salmonella in a defined sample 
size of 25 grams or larger. Detection of Salmonella 
Is time consuming, often taking up to five days to 
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confirm a negative sample. Alternative methods 
using enzymatic immunoassay-based techniques or 
Chromogenic plates have the potential to simplify and 
accelerate this detection. The aim of the study was 
to compare the performances of four different alter
native methods with the ISO 6579:2002 for the 
detection of Salmonella spp. in food products.The 
VIDAS Easy Salmonella (bioMerieux), Simple Method 
for Salmonella (SMS) (AES Chemunex), TECRA Ultima 
Salmonella (TECRA), and Transia Plate Salmonella Gold 
(Raisio Diagnostics) assays were tested according to 
their package insert instructions. A common pre
enrichment was performed in Buffered Peptone Water 
(BPW) according to incubation times and tempera
tures recommended by each manufacturer. A total of 
175 products were tested, including both naturally and 
artificially contaminated samples as well as uncontami
nated samples. Among the 175 samples, I 00 were 
positive according to at least one of the methods, 98 
with the reference method (98.0% sensitivity), 97 with 
VIDAS Easy SLM (97.0% sensitivity), and 96 with 
Transla Plate Salmonella Gold andTECRA Ultima 
Salmonella (96.0% sensitivity). Only 87 samples were 
positive with the SMS method (87.0% sensitivity). 
Except for the SMS method, statistical analysis 
(binomial law) showed no differences between 
each method and the reference method. 

P3-6 I Cutting Sample Preparation Time in 
Salmonella Testing with Enhanced Enrich
ment and lmmunomagnetic Capture 

Tytti Miettinen, Assia Jabeur,Vanessa Oliach, 
Marie-Laure Sorin, Herve Laisis, and MIKA 
TUOMOLA, Raisio Diagnostics,Joukahaisenkatu 
I, Turku, FIN-20520, Finland 

Introduction: Fast test results are crucial when 
screening Salmonella from foods. The rapid tests of 
today are still characterized by long sample prepara
tion times. In order to meet the needs of the food 
Industry, more efficient enrichment and concentration 
methods are needed. 

Purpose: The purpose of this study was to 
evaluate the performance of a new 24-h MAGDA 
Salmonella method developed by Raislo Diagnostics. 
The method is based on enhanced 6-h enrichment 
after which Salmonella is captured with lmmuno
magnetic particles from IO ml of enriched sample. 
Plating on selective agar Is used as the detection 
system. 

Methods: Pure and serial dilutions of Salmonella 
(n = 62) and non-Salmonella strains (n = 39) were 
tested using a lmmunomagnetic capture method, and 
cultured on XLD and Rambach agar plates. Six food 
matrices (poultry, milk, fish, eggs, pasta bolognaise and 
pastries) were artificially contaminated with different 
levels of Salmonella (from 0.8 to 25.5 cells/25 g of 
sample) and analyzed with MAGDA and ISO 
6579:2002 method. Additionally, 20 I food products 
(spiked with stressed bacteria) were screened by 
using both methods. 

Results: From 62 samples 58 positive Salmonella 
results were obtained (9%). Three non-Salmonella 
isolates showed typical colonies and were confirmed 
as Hafnia alvei (2) and Proteus mirabilis (I). The limit of 
detection of the method was between I and 3.3 cells/ 

ml with pure strains and between I and 4 cells/25 g 
for all matrices with artificially contaminated samples. 
The results from different product categories showed 
that the MAGDA Salmonella method was not 
statistically different from the ISO method. 

Signiffcance: These data suggests that the MAGDA 
Salmonella 24 h assay provides positive results within 
24 h, compared to the conventional method which 
requires 4 days to perform. 

P3-62 New 24-hour Immunoassay Method for 
the Detection of Salmonella in Food 

Assia Jabeur, Vanessa Oliach, Marie-Laure Sorin, 
Herve Laisis, and MIKA TUOMOLA, Raisio 
Diagnostics,Joukahaisenkatu I ,Turku, 
FIN-20520, Finland 

Introduction: Diseases caused by Salmonella spp. 
are a significant health problem, and this pathogen has 
to be efficiently controlled in the food chain. Rapid 
monitoring methods save time and money in the food 
industry and are crucial for certain types of products 
(e.g., raw meat, ready to eat food, ultra fresh food). 

Purpose: The purpose of this study was to eval
uate the performance of a new Salmonella 24 h ELISA 
detection method, developed by Ralsio Diagnostics 
and called TAG 24 Salmonella. 

Methods: Pure and serial dilutions of Salmonella 
(n = 50) and pure non-Salmonella strains (n = 30) 
were tested with the Transia Plate Salmonella Gold 
ELISA test after enrichment in Buffered Peptone 
Water (18 h/37°C) and Brain Heart Infusion (4 h/ 
41 .5'C), both supplemented with the TAG24 additive. 
Six food matrices (poultry minced meat, raw milk, raw 
eggs, fish filet, pet food) were artificially contaminated 
with different levels of Salmonella strains (0, I, 3 and 
10 cells/25 g of sample) and compared with ISO 
6579:2002 reference method. Food products (n = 
300, containing natural samples and samples spiked 
with stressed bacteria), were screened by using both 
methods. Positive ELISA results were confirmed by 
streaking onto selective agar plates and biochemical 
identification. 

Results: All the tested Salmonella strains were 
detected and no cross reactivity with other bacteria 
was observed. The limit of detection was assessed 
between 2 x I 04 and 2.5 x I 05 cells/ml with pure 
strains and between 0.3 and 1.5 CFU/25 g with 
artificially contaminated samples.The analysis of 
contaminated samples according to the 16140:2003 
standard showed that the TAG24 method was not 
statistically different from the reference method. 

Signincance: These results demonstrate that the 
TAG24 Salmonella is a specific, effective, and reliable 
method for the detection of Salmonella in different 
food matrices within 24 h. 

P3-63 An Enrichment Method for Detection and 
Isolation of Shiga Toxin-producing Escheri
chia coli in Cattle Feces 

HUSSEIN S. HUSSEIN and Laurie M. Bollinger, 
University of Nevada-Reno, Dept. of Animal 
Biotechnology, MS 202, Reno, NV 89557, USA 

Cattle are reservoirs and transient carriers of 
Shiga toxin-producing Escherichia coll (STEC). Based 
on fecal concentration of STEC, cattle are categorized 

Journal of Food Protection Supplement A - 190 
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PJ-64 
DSC 

Into super/high or low shedders (:.?: I 05 vs s I 02 CFU/ 
g). Detection and/or isolation methods of STEC in 
cattle feces varied and Included a wide range of 
enrichment media containing different antibiotics. 
The objective was to examine the efficacy of a new 
method of STEC detection In and isolation from cattle 
feces. To achieve that, five O I 57:H7 (ATCC 43888 
[control non-toxin producing], 43889, 43890, 43895, 
and 700927) and 40 non-O I 57:H7 (cattle isolates 
belonging to the O I, 015, 026, 086, 0 I 11, 0125, 
0127, 0128, 0136, 0146, 0153, 0158,0165, 0166, 
and O 169 sero-groups) STEC isolates were tested. 
Briefly, all Isolates were grown in tryptic soy broth 
{TSB) for 6 h and their concentrations were deter
mined using their growth curves. Aliquots from each 
culture were Immediately used for inoculating two 
duplicate sets of 50-mL tubes containing I g sterile 
cattle feces to simulate the high and low levels of 
STEC shedding ( I 05 vs I 02 CFU/g, respectively). The 
inoculated feces were incubated in 50 ml Brain Heart 
Infusion broth (for toxin induction) containing cefi
xime (50 µg/L), novobiocin (20 mg/L), potassium 
tellurite (2.5 mg/L), and vancomycin (40 mg/L) at 37°C 
for 12 h. The cultures were tested for toxicity using 
Vero (African green-monkey kidney) cells andVTEC 
(Verotoxin-producing E. coli)-Screen kit (Denka Seiken 
Co., Ltd.,Tokyo,Japan). The STEC isolates were 
recovered by plating onto sorbitol-MacConkey agar, 
grown in TSB, confirmed as E.coli biochemically, 
serotyped, and tested for motility. Except for ATCC 
43888, all isolates were detected though their toxicity 
and their isolation was achieved at both concentra
tions. Thus, our enrichment medium had no detri
mental effects on growth, detection, or isolation of 
this wide range of STEC isolates. 

Optimization of the Enrichment Protocol 
for Detection of Escherichia coli O I 57:H7 
in Ground Beef by the Vidas E.coli 
0 I 57:H7 (ECO) Screening Test 

ANTOINE VIMONT, ChristineVernozy-Rozand, 

Benoit Mallen, Christine Bavai, Mathieu Dothal, 
Nina Nguon, and Marie-Laure Delignette-Muller, 

Ecole Nationale Veterinaire de Lyon - UMAP
QSA, I, Ave. Bourgelat, Marcy l'Etolle, 69280, 
France 

Introduction: Escherichia coli O I 57:H7 is a food
borne pathogen that has become a public health 
priority. Ground beef has been implicated as the most 
common food source for infection. Different rapid 
methods are currently used for detecting this food
borne pathogen In ground beef, and these methods 
vary in test sample size, enrichment protocols and 
detection methodology. There Is a need for evaluating 
and comparing rapid, simple and cost effective 
sampling and testing protocols to Improve E.coli 
0 I 57:H7 detection. 

Purpose:The aim of this study was to provide 
optimal sampling and enrichment protocols for the 
rapid and accurate detection of E.coli O I 57:H7 in 
ground beef, using the AOAC RI validated VIDAS 
ECO test. 

191 - journal of Food Protection Supplement A 

Methods:Three different one-step enrichment 
protocols in Buffered Peptone Water (BPW) were 
compared at Incubation temperatures of 37°C and 
41 .5°C. "Sample-to-enrichment" broth ratios included 
I/ IO (25 g of ground beef in 225 m I BPW), 1 /3 (75 g 
ground beef in 175 ml BPW) and I /2 ( 125 g of ground 
beef in 125 ml BPW). Performance of each sampling 
and enrichment protocol was assessed based on the 
growth ratio of the background microflora versus 
target E.coli O I 57:H7 cells and by detection of E.coli 

0157:H7 using the VIDAS ECO test. 
Resu/ts:Thls study demonstrated that the detect

ion of E.coli O I 57:H7 was significantly better at the 
sampling enrichment ratios of I/ IO and I /3 combined 
with a temperature of 41 .5°C. Additional experiments 
with stressed £ coli O I 57:H7 strains suggested two 
protocols, 25 g ground beef sample In 225 ml of 
enrichment in BPW for 8 h at 41 .5°C and 75 g ground 
beef sample in 175ml of enrichment BPW for 18 h 
at 41.5 ·c, as being optimal. 

Signiffcance: The new simplified protocols offer 
different benefits to the beef industry: results within 
9 or 18 h, cost effectiveness by using pooling, and 
accuracy and simplification of the work-flow. 

Pl-65 New Method for Simultaneous Detection 
of Listeria Species and Listeria mono
cytogenes 

DENISE HUGHES, Rachel Keefe, and Selina 
Begum, DH Micro Consulting, 457 Montana 
Road, Peelwood, NSW, 2583, Australia 

The objective of this study was to evaluate 
a new Immunoassay for simultaneous detection and 
differentiation of Listeria species and Listeria mono
cytogenes in food samples, the VIDAS® Listeria DUO 
(LDUO). The test is based on an automated Enzyme 
Linked Fluorescent Assay (ELFA) targeting specific 
virulence and flagellar proteins. Samples are culturally 
enriched for a total of 44-48 h in LX broth, before 
testing in the VI DAS® instrument. Positive results are 
then confirmed by streaking enrichment broths onto 
selective agar. The study was designed to provide 
pre-collaborative data as part of the AOAC approval 
process. lnclusivlty and exclusivity were both I 00% 
using a 145 Listeria and 54 non-Listeria species. Lot
to-lot testing showed very good reproducibility (CVs 
below 15%) and the inter assay and inter instrument 
reproducibility were excellent {CVs below 7%).The 
inoculated food study includes 15 foods (25 replicates 
of each food) compared to relevant reference 
methods: AOAC method 993.12 for dairy products, 
USDA FSIS method for meat and poultry, and FDA 
BAM method for vegetables and fish. The LDUO 
correlates well with cultural methods and has the 
advantages of convenience and reduced time for a 
result. Routinely testing for both Listeria spp. and 
L. monocytogenes can provide food manufacturers with 
the relevant information to reduce the risk of product 
recalls and optimize corrective actions. 
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P3-66 Evaluation of the Effect of Various pH 
Levels on 3M'" Petrifilm™ Aerobic Count 
Plates, 3M™ Petrifilm'" E. coll Coliform 
Count Plates, and 3M™ Petrifilm'" Entero
bacteriaceae Count Plates on Microbial 
Growth When Compared to the Reference 
Method 

LESLIE K.THOMPSON and Brian Kupski, Silliker, 
Inc., Food Science Center, 160 Armory Drive, 
South Holland, IL 60473, USA, Karen Hesselroth 
and Robert Young, 3M Microbiology, St. Paul, MN 
55144, USA 

Current 3M™ Petrifilm'" Plate method may 
require an adjustment of the diluted sample to pH 
6.6-7.2 (AOAC 990.12, 991.14, 996.02, and 2003.0 I). 
When a wide variety of products are tested with 
varying pH, the measurement and adjustment of pH 
of every sample can be time consuming. Sixty food 
samples were tested, three samples from each of the 
following 13 food types: raw ground beef, luncheon 
meat, ham, raw marinated chicken, raw turkey, cooked 
beef, soup, dessert item, frozen vegetables, fresh 
vegetables, fruit, flours, and dog food. Food samples 
were individually Inoculated with low, medium and 
high levels of a cocktail of Escherichia coli, Enterobacter 
aerogenes, and Klebsiella oxytoca and then adjusted to 
pH 5.7 +/- 0.1 and pH 7.9 +/- 0.1. Petrifilm Aerobic, 
E. coli/coliform, and Enterobacteriaceae Count Plate 
results were compared to the agar or MPN reference 
method. There was no statistical difference (µ >0.05) 
between the test results for the reference method 
and the Petrifilm Aerobic Count Plate for raw ground 
beef, luncheon meat, cooked beef, ham, dessert Items, 
flour, and wet dog food when the pH of the samples 
was adjusted to 5.7 and 7.9. This was also true for 
the E.coli coliform Count Plate with luncheon meats, 
cooked beef, ham, raw turkey, marinated raw chicken, 
dessert items, and frozen vegetables. For the Petrifllm 
Enterobacteriaceae count plate, when the pH of the 
sample was adjusted to 5.7 and 7.9, there was no 
significant difference (µ >0.05) between the results for 
it and the reference method for cooked beef, ham, 
dessert items, flour, soup, and wet dog food.With the 
3M™ Petrifilm'" performing as well as the reference 
method with sample pH of 5.7 and 7.9, the acceptable 
range of pH for the methods can be widened, leading 
to valuable time savings in the laboratory as fewer 
foods require pH adjustment. 

P3-6 7 Preliminary Evaluation of Reduced 
Enrichment Media Volumes for the 
Detection of Escherichia coli O I 57:H7 
from Beef Trimmings in Conjunction with 
a Rapid Immunological Screen 

LESLIE K.THOMPSON and Mark Carter, Silliker, 
Inc., Food Science Center, 160 Armory Drive, 
South Holland, IL 60473, USA 

Recent research has reported the ability to 
reduce the amount of enrichment media used when 
enriching ground beef and beef trimmings for the 
detection of Escherichia coli O I 57:H7. However, the 
research only discusses the enrichment process when 

the final detection method is direct plating onto 
growth agar or lmmunomagnetlc separation with 
plating onto Chromogenic agar. The research does 
not discuss the effect of a decrease In enrichment 
media when the detection step involves the use of 
lmmunoassays or molecular detection systems.The 
research also reports Inoculation levels of approxi
mately 2 organisms/gram. The objective of this study 
was to validate the use of reduced volumes of 
enrichment media for the detection of Escherichia coli 
0 I 57:H7 in beef trimmings. The beef trimmings (n = 
25) were inoculated with composite cultures (0.023-
0.024 CFU/gram) prepared from 3-5 strains of 
Escherichia coli O I 57:H7 from the Sil liker Food 
Science Center Culture Collection (FSC-CC). They 
were then stored for 48 hat 4'C.The inoculated beef 
trimmings were tested for E.coli O I 57:H7 using the 
standard protocol for Strategic Diagnostic lnc:s 
RapidChek® E. coll O I 57:H7.Tryptic soy broth and SDI 
media were tested at ratios of I: I 0, 3.75: IO and I :3 
weight to volume. Data Indicated there was a signi
ficant difference at the I: IO dilution level (x2 of I 0.08) 
but there was no significant difference in recovery at 
the other two dilution levels.This experiment suggests 
that lower dilutions and TSB are viable alternatives 
to a I: IO even with rapid screening. More work Is 
needed to further explore this option with a larger 
sample of rapid screening methods. 

PJ-68 Detection of Escherichia coli O I 57:H7 
in Artificially Contaminated Spinach by 
Pathatrix'" lmmunomagnetic-capture, 
Real-time PCR and Cultural Methods 

Steve D.Weagant, Ken J. Yoshitomi, CHRISTINA 
CARRILLO, Ruben Zapata, Chitra Wendakoon, 
Paul Browning, Karen C. Jinneman, and Willis 
M. Fedlo, New Mexico State University, Food 
Safety Laboratory, P.O. Box 30002, Las Cruces, 
NM 88003, USA 

Escherichia coli O I 57:H7 has been responsible for 
a number of food borne disease outbreaks associated 
with fresh produce. A recent outbreak of E.coli 
0 I 57:H7 illness associated with packaged baby 
spinach resulted In 200 confirmed Illnesses, with 98 
hospitalized and 3 deaths. This warranted the eval
uation of rapid methods such as selective enrichment 
with Modified Buffered Peptone water (mBPW) 
combined with lmmunomagnetic Separation (IMS), 
real-time PCR, detection and isolation on several 
selective agars. This approach was compared to the 
lengthier FDA BAM enrichment (EB) and isolation 
procedure for the detection of E.coli O I 57:H7 in 
spinach. Spinach samples were inoculated with low 
(0.1 CFU/g) and high ( I CFU/g) levels of E.coli 
O I 57:H7 ATCC 35150. Rinsates were prepared from 
spinach samples and mixed with mBPW and EB. The 
mBPW enrichment was resuscitated 5 h at 37'C 
followed by addition of selective agents and overnight 
enrichment at 42'C. DNA templates were prepared 
from I ml portions of the mBPW and EB enrichments. 
In addition the E.coli O I 57:H7 was concentrated from 
the entire volume (250 ml) of mBPW by IMS using the 
Pathatrix'" system. Templates were assayed using 
multiplex real-time PCR detection of stx I, stx2, and a 
unique E.coli O I 57:H7 uidA gene target. The mBPW 

Journal of Food Protection Supplement A - 192 
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enrichment and the immunomagnetic beads were 

cultured on Levine's EMB,Tellurite-Ceflxime Sorbltol 

MacConkey {TCSMAC), and R & F® Chromogenic 

0 I 57agar for isolation. The mBPW enrichment 

method was found to provide I 00% sensitivity in 

detecting and identifying E. coli O I 57:H7 at 0.1 CFU/g 

in artificially contaminated spinach. Variation in per

formance of the selective agars was noted. TCSMAC 

and R & F® agars performed very well, while Levine's 

EMB showed less recovery due to lower selectivity 

and the presence of interfering background organisms 

on the plates.The FDA BAM method provided 

equivalent sensitivity but required additional time 
to complete. 

Detection of Escherichia coli O I 57:H7 
in Food Using Real-time Multiplex PCR 
Assays 
PINA M. FRATAMICO and Chitrita DebRoy, 
USDA-ARS-ERRC, 600 E. Mermaid Lane, 
Wyndmoor, PA 19038 USA 

Introduction: E.coli O I 57:H7 is an important 

foodborne pathogen, and foods of bovine origin and 

fresh produce have been linked to outbreaks. 

Sensitive and rapid methods for detection of the 

pathogen are needed. 
Purpose:The purpose of this study was to develop 

real-time multiplex PCR assays that can be used to 

detect E.coli O I 57:H7 in different foods. 

Methods: Samples of apple cider, raw milk (25 

ml), ground beef, and lettuce (25 g) were inoculated 

with 2 or 20 CFU of E. coli O I 57:H7 strain 380-94 in 

225 ml of Rapid-Check £ coli O I 57:H7 Enrichment 

Broth and Incubated at 42'C at I 00 rpm. After 8 and 

20 h, aliquots of the enrichments were removed, and 

DNA extraction was performed. Multiplex PCR 

assays usingTaqMan probes and primers targeting the 

stx I, stx2, and wzyO 157 genes In combination with 

probes and primers targeting either the fliCh7 or the 

eae genes were performed using Omnimix tablets and 

the Smart Cycler. 
Results: The sensitivity of the real-time multiplex 

PCR assay was 500 CFU/PCR. E. coll O I 57:H7 was 

detected in food samples inoculated with both 2 and 

20 CFU/ml or g after both 8 and 20 h of enrichment. 

Enrichments of uninoculated food samples were 

negative using the multiplex PCR targeting the stx i, 
stx2, wzyO 157, and eae genes; however, using the assay 

targeting the stx I, stx2, wzyO 157, and fliCh7 gene 

combination, a positive result was always obtained for 

the fl1Ch7 gene using ground beef enrichments. Other 

primer sets targeting the fiiCh7 gene gave similar 

results; therefore, the fiiCh 7 gene may not be a 

suitable target for detection of E.coli O I 57:H7 in 

ground beef. 
Significance: The real-time multiplex PCR assay 

targeting the stx I, stx2, wzyO 157, and eae genes Is 

sensitive and specific and can be used for detection of 

E.coli O I 57:H7 in apple cider, raw milk, lettuce, and 

ground beef. 

193 - Journal of Food Protection Supplement A 

PJ-70 Evaluation of Pathatrix (lmmunomag
netic Concentration) and BAX (PCR) 
Using Two Nonselective Enrichment 
Broth for the 24-hour Recovery of 
Stressed Listeria Species from Artificially 
Contaminated Sponges 

MARK W. CARTER, Paul A. Hall, Brian Kupski, 
and Leslie Thompson, Silliker Inc., Food Science 
Center, 160 Armory Drive, South Holland, IL 
60473, USA 

The detection of Listeria species in the environ

ment is of great concern to many food manufacturers. 

Current screening methods for Listeria take anywhere 

from 24 to 48 h to screen samples. Many systems use 

proprietary media coupled with an end point detect

ion system such as PCR for rapid screening. The 
purpose of this study was to determine the efficacy of 

2 non-selective broths, Universal Preenrichment Broth 

(UPB) and Buffered Peptone Water (BPW) enrich
ment broth, coupled with immunomagnetic concen

tration, to screen samples for Listeria species in 24 h. 

Sponges (n = 25) were inoculated with a 5-strain 
cocktail of stressed Listeria at a level of 3.76 organisms 
per sponge, Each sponge was incubated for 24 h at 
30'C in i 00 milliliters of BPW and UPB respectively. 

After incubation, 50 ml aliquots were removed and 

pooled for immunoconcetration and then tested by 

PCR. Enrichments were pooled in combinations O of 

5 positive sponges, to 5 of 5 positive sponges. Data 
indicates there was no significant difference in 
detection efficiency between the 2 broths. However, 

data also indicates there was a statistical significant 
difference t = 5.42 (a = 0.05) between broths when 

comparing the level of organisms recovered at 24 h. 

From this feasibility study we determined that both 

broths show promise as nonselective enrichments 

when combined with immunoconcentration and PCR. 

PJ-71 Efficiency of Transport Media for Recov
ery of Listeria from Milk Biofilm and Meat 
Processing Plant Environmental Swabs 

KARL REINEKE, Diana Stewart, and Mary Lou 
Tortorella, FDA, 6502 S.Archer Road, Summit
Argo, IL 60501, USA 

Introduction: Environmental samples are useful in 
control monitoring of Listeria in the production plant. 

Determining the efficacy of the medium used for 
transporting the swabs to the laboratory is vital to 
ensure validity of the monitoring. 

Purpose: The objective was to evaluate three 
swab transport media for recovery of Listeria from a 
model milk biofilm after sanitization and from environ

mental swabs obtained from a meat processing plant 

after storage at 4' or 25'C for 24 or 48 h.The 
transport media consisted of a proprietary formula

tion {PF), D/E Neutralizing Broth (DE), and Neutraliz

ing Buffer (NB). 
Methods: Sponge swabs were rehydrated In PF, 

DE or NB. Listeria model milk biofilms on stainless 
steel were swabbed after rinsing and treated with a 
quat sanitizer.The transport media expressed from 
the swabs were plated to determine recovery 
efficiency. Fifty-four meat processing plant swabs 
were cut into thirds, and each third was immersed in 
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PF, DE or NB, and Incubated at 4°C for 24 h; 4°C, for 
48 h; or 4°C for 24 h followed by 25°C, for another 
24 h. Samples were analyzed according to USDA 
detection methods. 

Results: Listeria recovery from the sanitized milk 
biofllm, measured by reduction in log count from 
initial level, was 2.7 ± 0.6, 3.0 ± 0.7 and 3.3 ± 0.3 by 
DE, PF and NB, respectively. For the meat processing 
environment, PF, DE and NB performed similarly if 
swabs were stored at 4°C for 24 h (57, 57 and 56% 
positive, respectively). For 48 h storage at 4°C, 
efficiency was 54, 48 and 43%, respectively. For 24 h 
at 4°C followed by 24 hat 25°C, PF and DE produced 
52% positives, whereas NB recovered only 41 %. 

Significance:Transport media may vary in 
efficiency for recovering Listeria from environmental 
swabs and should be evaluated for optimal use in 
control monitoring programs. 

PJ-72 Evaluation of 3M™ Petrifilm'" Staph 
Express Count System for Staphylococcus 
spp. Detection in Individual Cow Milk 
Samples 

M. M. 0. P. Cerqueira, N. E. Martens,J. Pacheco, 
M. R. Souza, C. F. A. M. Penna, L. M. Fonseca, 
R. Rodrigues, M. 0. Leite, D. L. Clinquart, and 
ADRIANA DOS REIS TASSINARI, 3M do Brasil 
Ltd., Rua Professora Albertina Fortarel, 340, 
Jundlai, Sao Paulo 13.208-612, Brazil 

Mastitls is one of the principal causes of econ
omic loss and changes In milk quality. Staphylococcus 
spp. Is considered a major contagious pathogen of this 
disease and its presence In herds means decreased 
milk production and economic drawbacks. The 
objective of this study was to evaluate the efficacy of 
the 3M'" Petrifilm™ Staph Express Count System for 
detecting Staphylococcus spp. in individual cow milk 
samples compared to traditional methodologies using 
Baird Parker Agar (BPA) and Blood Agar (BA). The 
study was carried out in an experimental farm located 
in Minas Gerais State, Brazil. Fifty-five milk samples 
were collected from composite quarters of cows after 
foremilking and teat disinfection using 70% alcohol. 
Detection of Staphylococcus spp. using 3M'" Petrifllm '" 
Staph Express Count Plates was compared to 
traditional methodologies using BPA and BA.The 
results were analyzed using a chi square test. In 24 h, 
3M'" Petrifllm'" Staph Express Plates detected 
Staphylococcus spp. in 53 samples tested 27 out of 53 
(50.9%), S. aureus confirmed. The agar methods were 
only able to detect Staphylococcus spp. (49 using BPA 
and 12 using BA). 3M™ Petrifilm ™ Staph Express Plates 
were more efficient (P < 0.005) than BPA and BA in 
the detection of infections of cows by Staphylococcus 
spp. It can be concluded that 3M™ Petrifilm'" Staph 
Express Count Plates can be an important tool to 
quickly identify cows infected by Staphylococcus spp. 
and S. aureus and thereby aid milk producers in 
Improvements to control mastitis caused by this 
pathogen. 

PJ-73 ValidCheck'"-A Rapid and Accurate 
Detection System for Staphylococcus 
aureus in a Variety of Foods 

Elena Dzhaman, Phoebe Crippin, and IKRO JOE, 
Kim Laboratories, Inc., 60 Hazelwood Drive, 
Champaign, IL 61820, USA 

Introduction: Foodborne bacterial contamination 
continues to be a foremost public health concern. 
Early detection and intervention Is critical not only to 
ensure cost-effective production, but also to provide 
safe food to consumers.ValidCheck™ is designed to 
detect fluorescence emitted from a target foodborne 
pathogen using fluorescent-immunomagnetic reagents 
and a Roto-Spectrofluorometer. 

Purpose:The purpose of this study was to 
evaluate the performance of the ValidCheck'" system 
for the detection of S. aureus in a variety of foods. 

Methods: S. aureus-negatlve samples (non-fat dry 
milk, ham, salami, hot dogs, sausage, bacon, chicken 
salad, and potato salad) were inoculated with S. aureus 
(ATCC I 2600U) at 0 cells/ IO g and IO cells/ IO g (five 
replicates of each sample).These samples were 
enriched using modified Staphylococcus broth ( I :25) 
and incubated at 37°C for 23 h. One milliliter of each 
sample was taken post-enrichment, incubated with 
S. aureus specific reagents, and measured via the 
Roto-Spectrofluorometer. 

Results: Results Indicate that the ValidCheck'" 
system was able to detect all 40 spiked samples 
(detection limit of I cell/ g).All 40 non-spiked samples 
were found to be negative. Results were confirmed 
by FDA Bacteriological Analytical Manual (BAM) 
methods. Results also agreed with the reference 
culture method (x 2 < 3.84). Specificity was evaluated 
using pure cultures of L monocytogenes, {ATCC 19115), 
C. g/utamicum (ATCC 14020), E.coli O I 57:H7 {ATCC 
700378) and S. Enteriditis (ATCC 49216).These non
target organisms were found negative by the Valid
Check'" system when S. aureus-specific reagents were 
used. 

Significance:This study demonstrates the capa
bility of the ValidCheck'" system to detect S. aureus at 
the level of I cell/gin a variety of foods within 24 h. 

PJ-74 Highly Specific and Sensitive Detection 
and Quantification of Staphylococcus 
aureus Using Real-time PCR 

LILYWONG, Pius Brzoska,Timothy Dambaugh, 
Dawn Fallon, George Tice, Manohar Furtado, 
and Olga Petrauskene,Applied Biosystems, 850 
Lincoln Centre Drive, Foster City, CA 94404, 
USA 

Introduction: Staphylococcus aureus is a gram-pos
itive pathogen that can contaminate a variety of foods. 
S. aureus Is found in meat, poultry, egg, milk and dairy 
products, salads such as egg and tuna, and baked goods 
with creme fillings. Specific and sensitive detection of 
S. aureus has been achieved using an assay based on 
careful target selection and bioinformatlcs algorithms. 

Purpose:The aim of this study was to develop a 
specific, reliable, and simple-to-use Real-time PCR 
assay for S. aureus and demonstrate its utility for rapid 
and sensitive screening of enrichments of meat and 
dairy products. 

Journal of Food Protection Supplement A - 194 
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Methods; A duplex Real-Time PCR assay was 
developed against the RNaseP gene of S. aureus and a 
positive control sequence to monitor PCR inhibition. 
Assay performance was tested on an inclusivity panel 
of S. aureus isolates and an exclusivity panel of 
related Staphylococcus species (including S. epidermidis, 
S. schleiferi, S. carnosus). Sensitivity of the assay was 
evaluated using a quantified S. aureus DNA sample. 

Results:The S. aureus assay, tested in lyophillzed 
and tabletted form, detected 25 out of 25 ( I 00%) 
S. aureus isolates In the inclusivity panel and none of 
the 27 (0%) species in the exclusivity panel. Limit 
of detection was estimated at IO genomic copies of 
S. aureus. In spiked and naturally contaminated ground 
beef, S. aureus levels of IO CFU per gram were 
detected within 24 h. 

Significance: This study demonstrated that the 
RNaseP gene in S. aureus is unique and enables accur
ate identification of S. aureus from other Staphylococcus 
species. This specificity combined with the high 
sensitivity of the assay and ease-of-use would be 
amenable to S. aureus screening of diverse foods. 

TEMPO® EC (E.coli) Method for the 
Enumeration of Escherichia coli in a 
Variety of Foods: AOAC Research 
Institute Independent Laboratory Study 

ROBERT P. J ECHOREK, Amy C. Re mes, and 

Amanda L.Wessinger, rtech laboratories, P.O. 

Box 64101, St. Paul, MN 55164-010 I, USA 

Introduction: The TEMPO® EC (E. co//) method is 
an automated system for the enumeration of E. coli In 
foods. The TEMPO system utilizes an enumeration 
card, which contains selective dehydrated culture 
media, and computerized filling and reading stations 
for the automated determination of the Most 
Probable Number (MPN). 

Objective: As part of the AOAC Research Inst
itute (RI) validation process, an independent lab study 
was conducted to compare the analytical results of 
the Tempo® EC system to the AOAC Official Methods 
966.23 and 966.24 for the detection of E. coli from raw 
ground beef, raw ground chicken, ice cream and raw 
green beans. . 

Methods; Three levels of inoculation were per
formed for each matrix (50 CFU/g, 500 CFU/g and 
5,000 CFU/g), except for raw ground chicken, which 
was naturally contaminated. For the Tempo method, 
five 25 g replicate portions of raw ground beef; raw 
ground chicken and raw green beans were added to 
225 ml of Butterfield's dilution buffer and were 
stomached for 2 min. For ice cream, I I g was added 
to 99 ml of Butterfield's buffer and stomached. The 
samples were incubated at 35 ± I 'C for 24 h, then 
analyzed by the Tempo reader. Each Butterfield's buffer 
diluted TEMPO sample was confirmed for E.coli in 
LST broth.The comparative MPN reference method 
analysis was performed according to the AOAC 
method 966.23 with confirmation of E. coli by the 
AOAC method 966.24. Regression analyses, differ
ence log distributions and t-tests at the 5% level were 
used to analyze the data and compare performances. 

Results: The TEMPO method was shown to be 
statistically equivalent to the reference method in 
both the Internal and independent food studies. 
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Significance: Overall results indicate that the 
TEMPO EC method is an acceptable alternative 
method for the enumeration of E.coli in foods. 

P3-76 Evaluation of the VIDAS Staph Entero
toxin II (SET 2) Immunoassay Method for 
the Detection of Staphylococcal Entero
toxi ns in Foods: Collaborative Study 

ROBERT P. JECHOREK and Ronald L.Johnson, 

rtech laboratories, P.O. Box 64101, St. Paul, MN 

55164-0101, USA 

A multilaboratory study was conducted to 
demonstrate that the VIDAS SET 2 method can detect 
staphylococcal enterotoxin (SET) In foods. Five food 
types ( cooked chicken, ham, potato salad, pasteurized 
liquid, whole milk and canned mushooms) were 
spiked, each with a different enterotoxin (A, B, CI, D 
or E), and tested at 0.25 ng/g and 0.5 ng/g SET levels. 
Unlnoculated controls were also included. A total of 
19 laboratories representing government and industry 
participated. In this study 1,674 test portions were 
analyzed, of which 1,638 were used in the statistical 
analysis. Of the 1,638 test portions used in the 
statistical analysis, I, I 04 were inoculated test portions, 
of which 1,073 were positive by the SET 2 method. 
The overall detection rates were: cooked chicken-
97.8%, ham-98.5%, potato salad-99.5%, liquid whole 
milk-89.8% and canned mushooms-100%.The high 
detection rate indicates that the VI DAS SET 2 method 
is capable of detecting staphylococcal enterotoxins in 
foods at 0.25 ng/g. 

P3-77 Evaluation of the TEMPO EC Test for 
Quantification of Escherichia coli from 
the Korean High-salt Seasoning 

MIN SOO KIM, Kyung Hee You, Kang Pyo Lee, 

and Hye Won Shin, CJ Corp., 636, Guro-Dong, 

Guro-Gu, Seoul, 152-050, Korea 

Introduction: Rapid and accurate detection and 
quantification of E. coli, as one of the important 
indicator organisms in food industry to assess the 
quality and safety of foods and food ingredients, is 
very important.The TEMPO®system has been 
developed to replace serial dilutions, media prepara
tion and tedious plate reading with an automated 
enumeration based on MPN method.The Korean 
high-salt seasoning containing about 40% salt widely 
used to promote the flavors of Korean traditional 
foods is chosen as a matrix. 

Purpose:The purpose of this study is to evaluate 
E. coli detection capability ofTEMPO® EC for Korean 
high-salt seasoning in comparison with the enumera
tion method authorized by FDA 

Methods: GUO-positive E.coli isolates (ATCC 
25922) were inoculated into Korean high-salt season
ng and wheat flour containing salt gradient (0, I 0, 20, 
30, 40 and 50%). E. coli enumeration was performed 
by both TEMPO® and MPN presumptive test with 
LST-MUG authorized by FDA 

Results: For the Korean high-salt seasoning, the 
sample interference in the detection of E. coli was 
found, when samples were diluted into I /40 and I /400. 
In the case of wheat flour with salt gradient (0%~50%), 
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which did not contain any Inhibitors other than salt, 
the results showed that high concentration of salt in 
food matrix did not Inhibit the detection capability of 
TEMPO®.With further decimal dilutions (1/400, 1/ 
4000 and I /40000) to diminish the sample interfer
ence in the Korean seasoning matrix,TEMPO® EC test 
gave equivalent results to those from MPN presump
tive test authorized by FDA. 

Significance:This study suggested that, with 
decimal dilutions, the automated TEMPO® system 
could give rapid and accurate results in detection 
of E. coli In the Korean high-salt seasoning matrix. 

PJ-78 A Study to Evaluate Direct Plating onto 
Chromocult® Coliform Agar for the 
Enumeration of Fecal Coliforms and 
Escherichia coli in Raw Shellfish 

GRACE L. MAXWELL, M. L. Dorey, 
B-A. Lightfoot,J. R. Steeves, and P. A.Wilson, 
Canadian Food Inspection Agency, 1992 Agency 
Drive, Dartmouth, NS B3B IY9, Canada 

Introduction: Raw shellfish are routinely tested for 
fecal coliforms (FC) and generic Escherichia coli (EC). 
The Internationally accepted method for shellfish 
testing for FC and EC uses a five-tube multiple 
dilution fermentation series providing the Most 
Probable Number (MPN).Alternative methods can 
be faster, more accurate and less costly but have not 
been validated on raw shellfish compared with the 
MPN method. 

Purpose:The purpose of this study was to 
compare two methods for FC and EC enumerations 
In raw, naturally contaminated clams, mussels and 
oysters-the MPN standard method and direct plating 
onto Chromocult® Coliform Agar (CCA). 

Methods: Shellfish homogenate from 680 sub
samples were used to inoculate the CCA plates; 0.5 
ml of the homogenate was spread onto each of 8 
plates per sub-sample and incubated at 44.5'C for 
24 h. Dark blue to violet colonies and/or salmon to 
red colonies were counted and recorded. Results 
were then compared to the standard MPN method 
results. 

Results: Oysters did not exhibit typical growth on 
CCA and were excluded from the statistical analyses. 
There was excellent agreement of the distribution of 
sub-samples based on the compliance levels between 
the CCA counts and the MPN method counts for 
both FC and EC. Comparison of individual sub
samples between the CCA counts and a range of 
the MPN method counts showed excellent agreement 
for EC (95-97%).The agreement for FC was 69-80% 
where FC counts in clams tended to have a greater 
value than the MPN method counts. 

Significance:The direct plating method using 
Chromocult® Coliform Agar is an acceptable 
alternative to the MPN method for the enumeration 
of E. coli in raw mussels and clams. 

PJ-79 Comparison of Compact Dry Yeast 
and Mold, Petrifilm Yeast and Mold, 
and Conventional Agar Media for 
EnumeratingYeasts and Molds in Foods 

LARRY R. BEUCHAT, David A. Mann, and Joshua 
B. Gurtler, University of Georgia, Center for 
Food Safety, Melton Bldg., I I 09 Experiment St., 
Griffin, GA 30223-1797, USA 

A study was done to compare Nissul Compact 
Dry Yeast and Mold (CDYM) medium, 3M™ Petrifllm'" 
Yeast and Mold (PYM) Count Plates, Dichloran Rose 
Bengal Chloramphenicol (DRBC) agar and Dichloran 
18% Glycerol (DG 18) agar, for enumerating yeasts and 
molds naturally occurring in 97 foods (grains, beans, 
vegetables, fruits, nuts, dairy products, meats, and 
miscellaneous processed foods and mixes). Correla
tion coefficients were: DG 18 vs DRBC (0.93), PYM vs 
DRBC (0.81 ), CDYM vs DG 18 (0.81 ), PYM vs DG 18 
(0.80), CDYM vs DRBC (0.79), and CDYM vs PYM 
(0.75). The number of yeasts and molds recovered 
from a group of foods (n = 32) analyzed on a weight 
basis (CFU/g) was not significantly different (P > 0.05) 
when samples were plated on DRBC, DG 18, PYM, and 
CDYM. However, the order of recovery from foods 
(n = 65) in a group analyzed on a unit or piece basis, 
or a composite of both groups (n = 97), was DRBC 
> DG 18 = CDYM > PYM. Compared to PYM, CDYM 
recovered equivalent, significantly higher (P :s: 0.05), 
or significantly lower numbers of yeasts and molds 
in 51.5, 27.8, and 20.6%, respectively, of the 97 foods 
tested; respective values were 68.8, I 5.6, and I 5.6% in 
the small group (n = 32) and 43.1, 33.8 and 23.1 % in 
the large group (n = 65). The two groups contained 
different types of foods, the latter consisting largely 
(73.8%) of raw fruits (n = 16) and vegetables (n = 32). 
Differences In efficacy of the four methods in recover
ing yeasts and molds from foods in the two groups are 
attributed in part to differences in genera and pre
dominant mycoflora in foods comprising the two 
groups. While DG 18, CDYM, and PYM appear to be 
acceptable for enumerating yeasts and molds, overall, 
DRBC recovered higher numbers from the 97 test 
foods. 

PJ-80 Application and Evaluation of the 
TEMPO® System as a Fast Method for 
the Quantification of Microorganisms 
in Food 

SABINE NITZSCHE, Claudio Zweifel, and Roger 
Stephan, Institute for Food Safety and Hygiene, 
Vetsuisse Faculty, University of Zurich, 
Wlnterthurerstr. 272, Zurich, 8057, Switzerland 

Introduction: In recent years, the application of 
rapid microbiological methods as alternatives to 
traditional cultural methods has become increasingly 
important in the food industry. The currently available 
rapid methods mostly allow for the qualitative detect
ion of foodborne pathogens and are predominantly 
based on immunological or molecular biology tech
niques. However, the TEMPO® system (bioMerleux), 
which Is based on the most probable number method, 
represents a rapid approach for the quantitative 
assessment of microorganisms in food. 

Purpose:The aim of this study was to evaluate the 
performance of the TEMPO® system for the enumera-

Journal of Food Protection Supplement A - 196 
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tlon of the total viable count (TVC), total coliforms 
(TC) and Escherichia coli (EC) in comparison to a 
cultural method. 

Methods:The TEMPO® system was used to 
determine TV C, TC and EC q uantltatively for 285 
samples from meat (n = 56), meat products (n = 56), 
raw milk (n = 51 ), dairy products (n = 37), carcasses 
(n = 40) and chocolate (n = 45) In various dilutions 
( I :40; I :400; I :4000) according to manufacturer 
instructions. For the cultural method, ascending 
dilutions from I: IO to I : 1,000,000 were plated 
on PC (30'C; 72 h), rapid £ coli (37°C; 24 h) and 
VRBL agar (30"C; 24 h). 

Results: ForTVC, the correlation coefficients 
between the methods were 0.66, 0.68, 0.73, 0.77, 0.84, 
and 0.84 for dairy products, chocolate, raw milk, 
carcasses, meat and meat products, respectively. 
Repeated testing (TEMPO® system) of meat and 
meat-product samples revealed that results varied by 
less than 0.4 log units (0.11-0.32 log units). However, 
27 of the 285 samples could not be evaulated as they 
were beyond the detection limits of the TEMPO® 
system. In the evaluated samples,TC and EC were 
not found with either method. 

Significance: The TEMPO® system is a fast and 
convenient technique for the quantification of 
microorganisms in food. Repeated testing yielded 
reproducible TVC results. However, results obtained 
by the TEMPO® system were influenced by the food 
matrix. 

PJ-8I Results of a Micro Val EN ISO 16140 
Validation of the Compact Dry Total 
Count Plate Method for the Enumeration 
of Total Viable Microorganisms in Foods 

C. L. Baylis, R. A. Green, R. Limburn, K. Jewell, 
and ROY P. BETTS, Campden & Chorleywood 
Food Research Association, Station Road, 
Chipping Campden, Gloucestershire, GL55 6LD, 
UK 

Introduction: Compact Dry Total Count Plates 
(Nissui Pharmaceutical Co. Ltd; supplied by Hyserve 
Gmbh & Co. KG) are ready-to-use dry media sheets 
comprising culture medium and a cold-soluble gelling 
agent, rehydrated by inoculating I ml diluted sample 
Into the centre of the self-diffusible medium.The 
Compact Dry Total Count (TC) method contains the 
redox indicator tetrazolium salt and is an alternative 
method to the standard plate count, enabling deter
mination of aerobic colony counts In foods after 
48 h incubation.This study presents the results of a 
MicroVal validation in accordance with the principles 
of method validation protocol EN ISO 16140. 

Purpose: Comparison of the Compact Dry TC 
method against a standard method (ISO 4833; 2003) 
using validation protocol EN ISO 16140. 

Methods:The Compact Dry TC method (30'C/48 
h) was performed in accordance with the manufactur
ers instructions and ISO 4833 was a I ml pour plate 
(30'C/72 h).The method comparison study compared 
both methods for the enumeration of total aerobic 
microorganisms in naturally and artificially contami
nated raw ground beef, cooked chicken, lettuce, milk 
powder and frozen fish and the interlaboratory study 
involved 13 laboratories each testing artificially 
contaminated milk samples by both methods. Results 
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were analysed using the principles of EN ISO 16140 
and calculations/data transformations were performed 
In Minitab statistical analysis software (v 14, Minitab 
Inc). 

Results:The method comparison results clearly 
showed Compact Dry TC method to be equivalent to 
the reference method for a range of foods ( calculated 
correlation coefficient R2= 97.7%).There appeared 
to be no significant difference between the results 
obtained with the method after 48 h and 72 h (R2 = 
99.8%). lnterlaboratory study results revealed no 
evidence of differences in reproducibility between 
the methods. 

Significance: No substantial differences were 
found between the Compact Dry TC plate method 
and the reference method ISO 4833 (2003) for the 
enumeration of total viable microorganisms at 30'C. 

PJ-82 A Comparative Evaluation of the 
TEMPO®TVC Method for the Enumera
tion of Viable Aerobic Mesophilic Flora 
in Foods 

JOHN MILLS, Judith Colon-Reveles,Joseph 
Mayer, Linette Beiner, Ron Johnson, and Gregory 

Devulder, bioMerieux, Inc., 595 Anglum Road, 
Hazelwood, MO 63042, USA 

Introduction: The TEMPO®TVC (Total Viable 
Count) method was developed for the automated 
enumeration of total aerobic mesophilic flora in foods. 
The method utilizes a selective dehydrated culture 
medium and an enumeration card containing 48 wells 
across 3 different dilutions for the automatic determi
nation of the Most Probable Number. 

Objective: As part of the AOAC Research Inst
itute validation process, the TEMPO TVC method was 
compared to the Standard Methods for the Examina
tion of Dairy Products (SMEDP) for dairy products 
and AOAC Official Method 966.23 for all other foods. 

Methods: Eighteen naturally contaminated foods 
were tested, Including meat, poultry, egg products, 
dairy, fish and seafood, and vegetables. For each food, 
three lots and five replicates of each lot were tested 
for a total of 270 samples. A I : IO dilution of each 
sample was prepared and stomached for 2 min. For 
each diluted and stomached sample, 0.1 ml of diluted 
food sample was added to a TEMPO medium vial that 
had been reconstituted with 3.9 ml of sterile distilled 
water.The Inoculated medium in the TEMPO vial was 
then transferred and sealed Into the TVC card by the 
automated TEMPO filler. The inoculated TEMPO TVC 
cards were incubated for 40-48 h at 35 ± I 'C or 32 ± 

I 'C for dairy products. Cards were read using the 
automated TEMPO reader. Standard method testing 
was performed as detailed in the SMEDP for dairy 
products and In the AOAC Official Method for all 
other foods. 

Results: For the majority of samples tested, there 
was no significant difference, for the mean log counts 
or for repeatability, between the TEMPO TVC method 
and the standard method using a paired t-test and f
test at the 5% level. 

Significance: TEMPO TVC provides an automated, 
accurate method for the enumeration of total aerobic 
mesophilic flora in foods. 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/sp1/1/1679800/0362-028x-70_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

PJ-83 A New Approach for Workflow Evaluation 
in Food Microbiology Laboratories: 
Automated MPN MethodVersus Plate 
Count Method 

Federica Cattapan, PHILIPPE VILLARD, and 
Nelly Dumont, bioMerieux, Inc., 595 Anglum 
Road, Hazelwood, MO 63042, USA 

While several rapid microbiological test methods 
have addressed the need to detect pathogens quickly 
and with a degree of automation, the development 
of rapid and automated methods directed at the 
enumeration of quality indicator microorganisms have 
been few in number. The TEMPO® system is an inno
vative automated method associating an enumerating 
card in association with a medium specifically adapted 
to ensure a rapid enumeration of microorganisms. 
This method was developed to replace preparation of 
plates, inoculation, counting of plates and confirmation 
by using an automated Most Probable Number (MPN) 
technique to enumerate bacteria.The purpose of this 
study was to develop a method to evaluate and 
compare the time needed to analyze a series of 
twenty-five food samples, three tests per sample 
(Total Viable Count, Total Coliforms and Escherichia 
coli) by the traditional plate count methods and by the 
automated method.The traditional methods were 
PCA 72 h at 30'C for the enumeration of total viable 
count, Rapid E. coll at 37'C for 24 h for the enumera
tion ofTotal Coliforms and TBX at 44'C for 24 h for 
the enumeration of E. coli.The study was performed 
in an independent external laboratory with a very 
efficient workflow and optimized ergonomics. 
Clocking was done to quantify the time needed for 
each step on both methods: media preparation, 
sample preparation, test preparation, Incubation, 
reading and reporting.A total of 232 min was 
necessary to perform the 75 tests with the plate 
count methods, compared to I 06 min with the 
TEMPO method, 3.1 min and 1.2 min per test 
respectively, Reading and reporting that account for 
35% of the test time for traditional methods was 
reduced by 83% with the TEMPO method. Globally, 
the TEMPO method offers sixty percent economic 
savings in terms of labor. 

PJ-84 Anti-counterfeit Systems Food Research, 
Modeling and Applications: Perception, 
Risk Assessment and Mitigation 

JOHN SPINK,Anthony Phillips,and Robyn Mace, 
National Food Safety & Toxicology Center, 

Michigan State University, 1835 Yosemite Drive, 
Okemos, Ml 48864, USA 

Introduction: Product counterfeiting and diversion 
in certain industries, such as food, pharmaceuticals, 
automotive parts, chemicals, can have deadly conse
quences, in addition to by-passing regulatory and 
safety governance structures, undermining the 
intellectual property and profits of legitimate 
enterprises, reducing tariffs and taxes paid, and 
reducing confidence in institutional and governance 
systems, Globalization has facilitated an (under) 
estimated trade of $300 billion in illicit goods and 
underground markets.The increasing global manu
facture and transport of goods creates significant 

opportunities for counterfeiting, Related intellectual 
property losses cover a broad range of creative and 
Industrial endeavors-processes, materials, packaging, 

Purpose:This session will examine consumer and 
business risk perception and risk assessment with 
respect to counterfeit products and present a 
framework to identify the scope and risk of these 
products across industrial sectors. It will also highlight 
the actuarial perspective of the insurance industry 
regarding risks of counterfeit products. 

Methods:A scholarly review of counterfeit food 
threats was conducted and correlated with expert 
interviews. Risk mitigation steps were reviewed and 
recommended. 

Resu/ts:A business case for additional anti
counterfeit food research was validated. 

Signiffcance: Examples such as HACCP demon
strate the food industry's diligence for risk assessment 
and process improvement, but the counterfeit food 
theat is underestimated. 

P4-0 I An Evaluation of Ozonated Water as an 
Alternative to Chemical Cleaning and 
Sanitization of Beer Lines 

LOUISE FIELDING, Andrew Hall, and Adrian 

Peters, University of Wales Institute-Cardiff, 
Food Research & Consultancy Unit, Cardiff 
School of Health Sciences, Western Ave., Cardiff, 
CFS 2YB, UK 

A reduction in beer quality may arise from bio
film development In beer lines and regular cleaning is 
therefore essential. Ozonated water was investigated 
for use as a cleaning and sanitization agent for comm
ercial beer lines as it leaves no residues, preventing 
possible product taint. A comparison between 
traditional chemical beer line cleaner and a novel 
ozonated water system was made using a beer line 
model.The model system was challenged with 
organisms isolated from a brewery (Enterobaeter spp. 
and yeast). The effect of each treatment on survival of 
the organisms was determined and formation of 
blofllm was Investigated, Four sites in the model 
system were investigated for biofilm development and 
control. Non-recirculation of media though the 
system (i.e., single pass of sterile medium though all 
parts of the system) mimicked the effect of biofilm 
formation upon the microbial load of dispensed beer. 
Both cleaning systems were effective at reducing 
biofilm from initial levels (6-7 log CFU/cm3) by a 
minimum of 2.76 log (ozone) and 1.71 log (chemical). 
Ozonated water resulted in a statistically significantly 
lower number of recovered microbes than the 
chemical cleaner for intake and tubing samples but not 
the fob detector or media. Cleaning with ozonated 
water resulted in significantly lower viable cell counts 
in model dispensed beer. In repeated cleaning and 
regrowth cycles, the ozone achieved significantly 
greater log reductions than the chemical cleaner.This 
effect was less apparent on the third and fourth cycles 
of cleaning and regrowth.The findings were supported 
by the direct observation of the biofilm using epi
fiuorescent microscopy.This technique showed that 
the ozone seemed to remove large portions of the 
biofilm from the glass slide whereas the chemical 
cleaner merely killed a proportion of the cells. The 
study concludes that ozonated water has the potential 
for use as a beer-line sanitizer. 
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Development of Novel Isolation Media for 
Guaiacol-producing Allcyclobacillus spp. 

SU-SEN CHANG and Dong-Hyun Kang, 

Washington State University, P.O. Box 646376, 

Pullman,WA 99163, USA 

The role of Alicyclobacil/us spp. on the spoilage of 
pasteurized fruit juices has been reported since 1982. 
Our previous research indicated that the ability to 
produce guaiacol and cause spoilage is not present 
among all Alicyclobaci/lus spp.This finding has suggested 
that the fruit juice/beverage industry revise Its quality 
control procedures to focus solely on gualacol-pro

duclng A//cyc/obaci//us spp.Though peroxidase tests, 

GC and HPLC have been used to indicate the 
presence of guaiacol and/or guaiacol-producing 
Alicyclobaci//us, there is no isolation media available for 
differentiating the ability to produce guaiacol.Thus, 
the purpose of this study was to develop a selective 
or differential media for isolating guaiacol-produclng 
Alicyc/obaciflus. Forty-two different dyes were added 
at a concentration of 0.0 I% Into K agar (pH 4.0). 
As a documented antimicrobial compound and the 
precursor of guaiacol, the potential of vanilllc acid as 
a selective agent was also investigated.Two gualacol 
producing ( I IO I, IO 16) and two non-guaiacol 
producing (C-GD 1-1, 19220) Alicyc/obaciltus isolates 
were streaked onto the agar media and color 
differentiation of the isolates were assessed. Guaiacol 
producing isolates formed purple irregular colonies 
with yellow background pigmentation while non
guaiacol producing isolates were Inhibited after incub
ation at 43°C for 48 h.The new selective medium 

was named SK2 medium and consisted of 0.5 g 

peptone, 0.25 g yeast extract, 1.0 g glucose, 1.0 g 

Tween 80, I 00 ppm vanillic acid, and 0.1 % Chrome 

Azurol S per liter. The development of this selective 

medium provides the fruit juice industry with a simple 

alternative to monitoring gualacol-producing 

Alicyc/obaci/lus. 

An Assessment of Airborne Contaminants 
in Beverage Processing Environments 

KARABO SHALE, Central University ofTechnol

ogy, Free State, UAFSB, School for Agriculture 

and Environmental Sciences, Private Bag 

X20359, Bloemfontein, Free State 9300, South 

Africa 

The past two decades have been characterized 

by a significant increase in the worldwide scientific 
database on airborne contaminants in various environ

ments but little Is known about the airborne contami

nants composition of food-processing, food-service 

and beverage-processing establishments. The risk of 

contamination via the airborne route should, however, 

not be overlooked, but should be the beginning point 

in impediment of food contamination. New tech

niques and analytical methods have been used towards 

the precise identification of the sources of airborne 

dispersion, as well as In the evaluation of potential 

hazards.This paper focuses on indoor airborne con

taminants as well as environmental factors influencing 
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their distribution In South African beverage-process

ing environments.The microblota assessed in the air 

included indicator organisms, fungi, and other Gram

negative and Gram-positive bacteria linked with food 

safety. The spread of airborne contaminants through

out the various sub-sections of the beverage environ

ments Is reported on, in addition to the Influence of 

temperature, humidity, wind flow and airborne parti

culates. Relationships are explored between the 

airborne contaminants and certain indoor variables. 

Preventative measures, including proper monitoring of 

workers with any sickness, optimization of ventilation 
systems and drafting of airborne contaminants stand
ards, particularly for bioaerosols, are recommended. 

Ozonating Apple Cider to Reduce Escheri
chia coli O I 57:H7 and Cryptosporidium 
parvum 

ALEXANDRA DEREVIANKO, Lynsey 

Schoonover, Andrea Laycock, and Kali Kniel, 

University of Delaware, College of Agriculture 

and Natural Resources, 531 South College Ave., 

Newark, DE 19716, USA 

Introduction: Outbreaks of E. coli O I 57:H7 and 

Cryptosporidium parvum have been linked to unpasteur

ized and ozonated apple cider. In order to preserve 

the integrity, eliminate pathogens, and increase the 
shelf life of unpasteurized cider, ozone treatment is 
being further investigated as an alternative to past
eurization. 

Purpose: This study was initiated at the request 
of cider producers to determine the parameters 
necessary for ozonation of cider to obtain a 5 log 
reduction of pertinent pathogens. 

Methods: Unpasteurized cider was obtained from 
Ohio cider producers. Apple cider (2.25 L) was filter

ed (99 um), inoculated with a cocktail of 5 strains 

of E.coli O I 57:H7 ( I 08-109 CFU/ml) or C. parvum 
oocysts ( I 06), and subjected to 180 min of ozone 

delivered at 200 ppm at 15 L per min (Marhoc Inc.). 

Samples (225 ml) were collected at 0, 60, 120, and 180 

min and pathogens isolated by use of immunomag

netic beads (Matrix Microsclence or Dynal). Beads 

were resuspended in sterile water and plated onto 

Sorbitol Mac Conkey (SMAC) and T-soy agar for 

bacterial analysis. Beads containing oocysts were 

assessed for viability using a human cell culture assay 

and PCR detection. 
Results: A reduction of :2: 5 log was determined 

for all samples treated for :2: 60 min with ozone. 

There was no visible growth on T-soy or SMAC for 

these samples. Bacteria (2.0 x I 06-3.0 x I 07) Incub

ated in non-ozonated cider survived with a 1-2 log 

reduction from initial inoculum. There was no notable 

change In oocysts in untreated samples. Cryptospori
dlum oocysts bound to beads, but were non-viable as 

determined by cell culture infectivity and PCR for 

sporozoite DNA. 
Signincance: The results of this study indicate 

ozone may be an effective method for the reduction 

of pathogens In apple cider; however, outbreaks have 

occurred in ozonated cider and it is important that 

processers are knowledgable about necessary ozone 

output concentrations. 
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P4-06 Survival of Bacillus anthracis Vegetative 
Cells in Beverages 
YUN-YUN D. HAO and Richard C.Whlting, 
FDA-CFSAN, 5100 Paint Branch Pkwy., HFS-517, 
College Park, MD, 20740, USA 

Little information exists about the behavior of 
Bacillus anthracis In foods. This study provides infor
mation about the survival of B. anthrac/s vegetative 
cells in beverages, including cola, clear sodas, apple 
and orange juices, bottled-water and milk. Beverages 
were inoculated with stationary phase B. anthracis 
(Sterne) (7~8 log CFU/ml) and stored at 4 or 20'C. 
In general, B. anthracis did not survive in soft drinks 
and juices and the rate of decline was faster when 
these beverages were stored at 20'C than at 4'C. 
B. anthracis declined most rapidly in cola. A 5-6 log 
reduction in population was observed in cola after 
0.5 hat 20'C or 2 hat 4'C, There was a wide vari
ation in results between replicates of other beverages; 
nonetheless, B. anthracis was inactivated by these 
beverages at a slower rate compared to cola. For 
example, the population of B. anthracis decreased by 
ca 4-log after 2 h in clear soda and juices at 20'C. 
In contrast, the cells were more stable in milk and 
water at 20'C compared to 4'C. After 7 days, the 
population of B. anthracis declined < I log (from 7.7 
log to 7.1 log) in milk stored at 20'C. The population 
of B. anthracis dropped ca 3-log (from 7.7 log to 4.8 
log) in milk after 3 days of storage at 4'C but only 
declined < I log (to 4.2 log) for the further 4 days 
of storage. In water, the population was reduced 
from 7.7 log to ca 6 log in the first 8 h and remained 
constant throughout the remainder of the 7-day 
storage at 20'C. Contrary to previous belief, our 
results indicated B. anthracis would survive in milk and 
water for a relatively long period of time. This could 
be potentially hazardous to human heath If subse
quent sporulation occurred. 

P4-07 Inhibitory Effects of Short Chain Fatty 
Acids against Enterobacter sakazakii in 
Laboratory Media and Liquid Foods 
Hyun-Ho Jin and SUN-YOUNG LEE, Chung
Ang University, Dept. of Food and Nutrition, 
Anseong-si, Gyeonggi-do 456-756, Korea 

Enterobacter sakazakii is an emerging foodborne 
pathogen that causes neonatal meningitis and sepsis, 
with mortality rates of 40 to 80%. Inhibitory effects 
of short chain fatty acids and their benefits have been 
known for years.This study was conducted to deter
mine the effect of short chain fatty acids on inhibiting 
the survival and the growth of E. sakazakii in labora
tory media and several liquid foods. Inhibitory effects 
and the minimum inhibitory concentration (MIC) of 
9 acids (hydrochloric acid, lactic acid, malic acid, formic 
acid, phosphoric acid, propionlc acid, citric acid, 
tartaric acid and acetic acid) against E. sakazakii were 
determined by the agar diffusion test and broth dil
ution methods. Out of 9 acids tested, 5 acids (malic 
acid, formic acid, proplonic acid, citric acid, and acetic 
acid) showed antibacterial activity against one or 
more of E. sakazakii stains. In addition, prop ionic acid 
and acetic acid were found to be the most effective 
with the lowest MIC values of 16-31 and 31-63 mM, 
respectively, against E. sakazakii. Therefore, these two 

acids were selected for further testing in liquid foods 
(Sun-Sik, baby foods, grape juice and apple juice). 
Regarding foods tested, grape juice itself has an 
Inhibitory effect and reduced or maintained levels 
of E. sakazakii during storage. However, IO mM of 
proplonic acid and acetic acid in Sun-Sik and apple 
juice, and I 00 mM of propionic acid and acetic acid in 
baby foods, were necessary to eliminate E. sakazakil in 
each food type. These results suggest that short chain 
fatty acids such as proplonic acid and acetic acid may 
possibly be used as preservatives to inhibit E. sakazakii 
in liquid foods. 

P4-08 Inhibition of Enterobacter sakazakil by 
Some Naturally Occurring Organic 
Compounds in Combination with Nisin 
Hyun-Ho Jin and SUN-YOUNG LEE, Chung
Ang University, Dept. of Food and Nutrition, 
Anseong-si, Gyeonggi-do 456-756, Korea 

The use of natural antimicrobial substances has 
received increased Interest because of concerns 
regarding the safety of synthetic compounds. 
Enterobaeter sakazakii is an emerging foodborne 
pathogen that causes meningitis, bacteremia, sepsis, 
and necrotizing enterocolitis In neonates and children, 
resulting in a high mortality rate.The antimicrobial 
activity of natural organic compounds carvacrol, 
thymol, diacetyl, eugenol, and cinnamic acid alone 
and in combination with nisin on the growth of 
E. sakazakii in laboratory media was determined in 
this study.The minimum inhibitory concentration 
(MIC) of five natural organic compounds was 
determined and the effect of them in combination 
with nisin was evaluated by comparing treatment with 
each natural organic compound alone and In comb
ination with 25 ppm nisin in tryptic soy broth.Among 
tested natural organic compounds, the MIC of carva
crol and thymol was 1.25 mM and showed the strong
est inhibitory activity against E. sakazakii, whereas the 
MIC of cinnamic acid was higher than 5 mM and 
therefore showed the weakest inhibitory activity.The 
order of inhibition due to natural organic compounds 
was carvacrol = thymol > eugenol > diacetyl > cinna
mlc acid. However, the combination of each com
pound with nisin did not result in the enhancement 
of their antimicrobial activities except when nisin was 
combined with diacetyl. Therefore, the combined 
treatment of diacetyl and nisin showed a synergistic 
effect of preventing growth of E. sakazakii.This study 
shows the potential of natural organic compounds to 
control E. sakazakii in several types of foods as safe 
additives. However, studies in foods are required 
before they can be applied commercially. 

P4-09 Inhibitory Effect of Green Tea and Rose
mary Leaves against Foodborne Patho
gens in Laboratory Media and Rice Cake 
SUN-YOUNG LEE, So-Young Gwon, Hyun-Ho 
Jin, and Bo-Kyoung Moon, Chung-Ang University, 
Dept. of Food and Nutrition, Anseong-si, 
Gyeonggi-do 456-756, Korea 

In recent years, there has been an increasing 
interest in the use of natural tea or herbal plant 
materials in foods because of their functional 
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properties on health. In this study, the antimicrobial 
effects of green tea and rosemary against foodborne 
pathogens were determined in laboratory media and 
Asian-style rice cake.The growth of each pathogen 
(Bacillus cereus, Salmonella Typhimurium, Enterobacter 
sakazakli, Escherichia coli O I 57:H7, Staphylococcus 
aureus, and Listeria monocytogenes) in tryptic soy broth 
(TSB) or rice cake with or without the addition of 
green tea or rosemary leaf flours before autoclaving 
or cooking, respectively, was investigated following 
inoculation. The addition of I% green tea and rose
mary showed similar results in inhibiting the growth 
of pathogens in TSB, although green tea was more 
effective at controlling L monocytogenes than was rose
mary. However, both plants showed inhibitory effects 
against all pathogens tested in this study. Green tea 
was particularly effective against B. cereus, S. aureus, 
and L. monocytogenes, and rosemary produced strong 
inhibition of B. cereus and S. aureus.The addition of 
I or 3% green tea or rosemary to rice cake did not 
significantly reduce total aerobic counts; however, 
levels of B. cereus and S. aureus were significantly 
reduced in rice cakes stored for 3 days at room 
temperature (22'C).The order of antimicrobial 
activities against B. cereus in rice cake was I% 
rosemary < I% green tea < 3% rosemary = 3% green 
tea.These results indicate that the use of natural plant 
materials such as green tea and rosemary could 
improve the microbial quality of foods. 

P4-10 Comparative Efficacy of Alcohol-based 
Hand Sanitizers and Antibacterial Foam 
against Norovirus Using Fingerpad 
Method 

PENGBO LIU, Hui-Mien Hsiao, David Macinga, 

Jim Arbogast, Marcia Snyder, and Christine Moe, 
Rollins School of Public Health, Emory Univer
sity, 1518 Clifton Road, 7th FL, Atlanta, GA 

30322, USA 

Introduction: Noroviruses are commonly associ
ated with outbreaks of acute non-bacterial gastroen
teritis, and hands are a principal vehicle of this trans
mission.Alcohol-based hand sanitizers and antibact
erial foam handwashes are popular hand hygiene 
products, but little is known about their effectiveness 
against noroviruses on contaminated hands. 

Purpose:We examined the efficacy of two 
alcohol-based hand sanitizers (a traditional, 62% 
ethanol commercial product and a new formulation 
based on 70% ethanol and a synergistic blend of 
polyquaternium-37 and citric acid), one commercially 
available antibacterial foam handwash (0.5% chloro
xylenol active ingredient), and a hard water rinse 
control against Norwalk Virus (NV) on fingerpads of 
volunteers. 

Methods: Using the ASTM (American Society of 
Testing and Materials) E 1838-02 standard method, 
samples were collected from 170 fingerpads of 24 
subjects.Approximately 8.6 x I 05 NV particles were 
inoculated on each fingerpad. NV RNA was extracted 
by a heat-release method and RNA titers were 
assayed by a one-step TaqMan Real-time quantitative 
RT-PCR. 
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Results: The 70% ethanol-based hand sanitizer, 
antibacterial foam handwash and water rinse resulted 
in an average of 1.46 (± 0.46), 1.53 (± 0.82) and I .40 
(± 0.34) log NV RNA reductions, respectively. All 
three hygiene methods provided a significant reduct
Ion of NV compared to baseline (P < 0.00 I), but were 
not significantly different from each other (P > 0.05). 
The 62% ethanol-based hand sanitizer reduced the 
NV titers by an average of 0.14 (± 0.31) log, and was 
not significantly different compared to baseline virus 
levels eluted from fingerpads. 

Signiffcance:These results demonstrate that hand
washing with water and antibacterial foam are effect
ive methods to remove NV from fingers.The results 
also show it is feasible for an alcohol-based hand 
sanitizer to produce significant NV kill on contami
nated fingers.This new synergistically formulated hand 
sanitizer is therefore a viable option to reduce the 
spread and risk of noroviruses in food service or 
other settings. 

Inactivation of Viruses Using a Synergist
ically Formulated Alcohol-based Hand 
Sanitizer 

David R. Macinga, MARCIA SNYDER, Helen 
Rawthorne,Alexia Taylor, Lee-Ann Jaykus, 
Karen M. Ramm, and James W. Arbogast, GOJO 
Industries, Inc., One GOJO Plaza, Suite 500, 
Akron, OH 441 13, USA 

Introduction: The CDC estimates that norovirus 
is the leading cause of foodborne illness in the US, and 
reports indicate that hands are the most important 
vector for transmission.The 2005 Food Code does 
not recommend hand sanitizers for prevention of 
Norovirus transmission, likely because current 
products are relatively ineffective against norovirus 
surrogates. 

Purpose: Evaluate novel hand sanitizer formula
tions for rapid virucidal activity against feline calici
vlrus (a surrogate for human norovirus) and other 
relevant enveloped and non-enveloped viruses. 

Methods: Virucldal assays were performed by 
quantitative suspension test. Bacteriophage MS2 
plaque titers were determined by soft agar overlay 
after infection of Escherichia coli ATCC-15597. Mamma
lian virus titers were determined by Infecting appropri
ate host cell lines and monitoring cytopathic effects. 

Results: Concentrations of up to 78% ethanol 
exhibited minimal activity against MS2.An extensive 
screening program showed that numerous other 
ingredients provided no significant Increase in efficacy 
(s 1.0 log reduction, I min).The synergistic combina
tion of ethanol, quaternary polymer and organic acid 
produced a 4.3 log reduction against MS2 in I min. 
A hand sanitizer formulated to contain 70% ethanol, 
polyquaternlum and citric acid completely Inactivated 
feline calicivirus in 30 s (> 4.75 log reduction); 
completely inactivated rotavirus, rhinovirus, Influenza 
A, influenza B,Avlan influenza (HSN I), and respiratory 
syncytlal virus in 30 s; and reduced poliovlrus > 3 log 
in 30 s. Some degree of efficacy was attained at 
shorter exposure times, and against mouse norovirus 
and hepatitis A virus. 
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Significance: Based on these results, we conclude 
that this new synergistically formulated ethanol hand 
sanitizer Is a promising option for managing the 
transmission of viruses, Including norovlruses, in food 
service settings. These types of control measures 
should be seriously considered as part of hand 
hygiene and overall restaurant Infection control plans 
to reduce the transmission of food borne viruses. 

Comparative Susceptibilities of Hepatitis 
A, Feline Calicivirus, Coliphage MS-2, and 
Coliphage X-174 to Inactivation by 
Quaternary Ammonium and Potassium 
Peroxymonosulfate Disinfectants 
VIVIANA FINO, Ethan B. Solomon, and Kalmla 
E. Kniel, University of Delaware, Dept. of Animal 
and Food Sciences, 044 Townsend Hall, Newark, 
DE 19716, USA 

Introduction: Small, non-enveloped viruses such 
as picornaviruses and caliclviruses are extremely 
resistant to inactivation. Experiments to determine 
the susceptibility of these viruses to disinfectants is 
costly and time consuming due to the requirement for 
tissue culture to propagate and test them. Coliphages 
MS2 and X-174 are similar in size, construction, and 
nucleic acid composition to pathogenic viruses like 
hepatitis A and norovirus. 

Purpose: The utility of bacteriophages MS2 and 
X-174 as surrogates for pathogenic viruses in 
disinfectant susceptibility testing was investigated. 
The susceptibility of hepatitis A, feline calicivirus (as a 
norovirus surrogate), MS2, and X-174 to a quaternary 
ammonium and potassium peroxymonosulfate 
disinfectant was determined. 

Methods: Ten µI of viral or phage stock containing 
a 5% organic load of fetal bovine serum was deposited 
onto a sterile glass coverslip and dried.Two-hundred 
fifty µI of disinfectant was applied at various concen
trations for IO min. Disinfectant activity was halted 
by the addition of 750 µI of neutralizer. Surviving viral 
titer and phage levels were determined using titration 
in tissue culture and the phage plaque assay, respec
tively. 

Results: Disinfection was considered effective if 
the virus or phage was reduced to below the detect
able limit of the assay. The quaternary ammonium 
compound was ineffective against all of the viruses 
and the phage, even at ten times the suggested use 
concentration. The oxidative disinfectant was effective 
against all of the test viruses and phage at the 
recommended use concentration and was somewhat 
virucidal at one-half and one-quarter of the recom
mended use concentration. 

Significance: Our results suggest that coliphages 
MS2 and X-17 4 are good Indicators of the efficacy of 
quaternary and oxidative disinfectants on small, non
enveloped viruses such as picornavirus and calicivirus. 

Antimicrobial Efficacy of Peroxy Foam 
against Foodborne Pathogens,Yeasts and 
Molds 
ERDOGAN CEYLAN, Sam Saltzman, and Mark 
Carter, Silliker Inc., Food Science Center, 160 
Armory Drive, South Holland, IL 60473, USA 

P4-14 

The United States has a zero tolerance for both 
Listeria monocytogenes in Ready-to-Eat foods and 
Escherichia coli O I 57:H7 in meat. Yeasts and molds 
grow in food processing environments and cause 
spoilage in foods. The objective of this study was to 
evaluate the antimicrobial efficacy of peroxy foam 
against two foodborne pathogens, Listeria mono
cytogenes and E.coli O I 57:H7, and the spoilage yeast 
Zygosacchromyces rouxii and molds Eurotium 
herbariorum, Eurotium repens and Eurotium rubrum.Test 
cultures (7-8 log CFU/ml) were treated with peroxy 
foam preparation (229.2 water: 7.4 foam) for 30, 60, 
90 and 120 s. Survival of L monocytogenes and E. coli 
0 I 57:H7 was determined using tryptone glucose 
yeast agar Incubated at 35'C for 24 h. Survival of 
yeasts and molds was determined using potato 
dextrose sucrose agar incubated at 25'C for 5 days. 
Counts of L monocytogenes were reduced by 6.9 log 
CFU/ml in 30 s. Counts of E.coli O I 57:H7 were 
reduced by 4.7 log CFU/ml in 120 s. Counts of Z. rouxii 
and Eurotium spp. were reduced by 6.2 log CFU/ml in 
30 s and 4.3 log CFU/ml in 120 s, respectively. These 
results suggested that use of peroxy foam could be an 
effective tool of sanitation against the zero tolerance 
organisms L monocytogenes and E.coli O I 57:H7, as 
well as spoilage yeasts and molds. 

Evaluation of the Antimicrobial Action of 
Physical and Chemical Sanitizer Agents in 
Commercial Sponges Used for Cleaning 
in Kitchens 

SILVANA M. SREBERNICH, M. M. S. R. Soares, 
C. Fey, and M. S. Loiola, Nutrition College, 
Pontificia Universidade Cat6lica de Campinas, 
Rua Pedreira, 309, Campinas, Sao Paulo I 3050-
544, Brazil 

lntroduction:The cleaning process of equipment 
and utensils in kitchens uses sponges to eliminate 
food residues. Part of these food residues stays 
adherent to the sponge surfaces, which together with 
the moisture retained in the sponges offer a favorable 
environment for microbial growth. 

Purpose:To evaluate the efficiency of physical and 
chemical sanitizer agents in commercial sponges 
previously inoculated with populations (8 log CFU/ml) 
of Staphylococcus sp. and Escherichia coli. 

Methods:The microorganisms were inoculated 
separately in Brain Heart Infusion (BHI) broth and 
later compared with tube number 5 of McFarland 
Scale.The commercial sponges were treated with this 
broth and submitted to the actions of hot water ( I , 2, 
3, 4 min}; microwave oven ( I I 00 w 1600 w, frequency 
2450 MHz for 30, 60 and 120 s); peracetic acid (25, 50, 
I 00, 150, 200, 300, 350 ppm for I, 2, 5 min) and citric 
acid ( I 00, 200 and 400 ppm for 2 and 5 min). 
Microbial counting was performed by the Petrifilm 
method. 

Resu/ts:The results showed that hot water for 3 
to 4 min and action of the microwave oven for I to 2 
min, both at 85'C, completely destroyed the inocu
lated microorganisms.The peracetic acid was efficient 
for the total destruction of E.coli (50 ppm/ I min) and 
S. aureus ( I 00 ppm/2 min).The citric acid was efficient 
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in the total destruction of S. aureus (200 ppm/2 min} 
but for E. coli required 400 ppm/5 min. 

Significance: Hot water and treatment in a micro
wave oven were shown to be efficient methods of 
destruction.The efficiency of the acids was different 
for each type of microorganism, the peracetic acid 
being more efficient than citric acid. Also, acid 
concentration had more influence than contact time. 

Degradation of Cellulose Produced by 
Shiga-toxin Producing Escherichia coli 

YOEN JU PARK, Michelle Rossman, and Jinru 

Chen, University of Georgia, I I 09 Experiment 

St., Griffin, GA 30223-1797, USA 

Cellulose plays a structural role in biofilm 
formation by conferring mechanical strength to the 
well-structured hydrophobic network. It also confers 
on bacterial cells, such as Escherichia coli, the ability to 
resist disinfection by sanitizers. This study evaluated 
several enzymatic and chemical agents for their 
abilities to degrade cellulose produced by Shiga-toxin 
producing E. coli (STEC) cells. Cellulose produced by 
the cells of six STEC strains were treated with cellu
lase (0.50, 2.12, and 3.75%), acids (2 and 4% acetic acid 
and lactic acid, respectively), and detergents ( quorum 
yellow and Zep formula 7961) under appropriate 
conditions. Each experiment was set up with 
appropriate controls, duplications, and replications. 
Following the treatment, cellulose remaining on the 
surface of the STEC cells was quantified using a 
colorimetric assay. Results indicated that treatments 
with 3.75% cellulase reduced the overall mean 
cellulose produced by the cells of six STEC by 85%. 
Acetic and lactic acid at 2% concentration reduced 
the overall mean cellulose by 36% and 52%, respec
tively. Treatments with quorum yellow decreased the 
overall mean cellulose produced by the cells of six 
STEC by 80%, while the treatments with Zep formula 
7961 reduced the overall mean cellulose by 92%. 
Longer treatments and higher concentrations signifi
cantly Improved the efficiencies of the treatments 
(P < 0.05). All evaluated agents significantly reduced 
the amounts of cellulose produced by STEC cells 
(P < 0.05). However, some treatments were more 
effective than others. The study identified cleaning/ 
sanitizing agents that can potentially control biofllm 
formation in the food processing environment. 

Efficacy of First, Third, and Fifth 
Generation Quaternary Ammonium 
Compounds against Escherichia coli 
0 I 57:H7 and Listeria innocua 

SALLY C. FOONG-CUNNINGHAM and Peter 

W. Bodnaruk, Ecolab Research Center, 655 Lone 

Oak Drive, Eagan, MN 55121-1560, USA 

Quaternary ammonium compounds (QAC) are 
common antimicrobial compounds used in hospitals 
and the food industry. Evolution of QAC had given 
rise to different generations of QAC with claims of 
superior efficacy, especially when used in an environ
ment with hard water and soil residues. This study was 
designed to determine the efficacy of first, third, and 
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fifth generations of QAC against Escherichia coli O 157: 
H7 and Listeria innocua under different conditions.A 
general design of experiment was conducted with 4 
factors with multiple levels (first, third, and fifth gen
eration types of QAC; I 00 and 400 ppm concentra
tion of QAC; with and without a soil load; and I, 5, 
and IO min contact times). Stainless steel disks were 
inoculated with a cocktail of E. coli O I 57:H7 or 
L. lnnocua with or without a soil load, dried, and placed 
at the bottom of sterile centrifuge tubes prior to 
contact with the QAC for the selected times. Sur
vivors were enumerated on appropriate agar media. 
The selected QAC were more effective in reducing 
L. lnnocua (2.3 log reduction/disk) compared to E. coli 
0 I 57:H7 (0.9 log reduction/disk; P < 0.05). No 
differences were observed among the first, third, and 
fifth generation of QAC with regard to their efficacy 
against the microorganisms tested (P > 0.05). Higher 
concentrations of QAC and increased contact time 
increased the efficacy against the microorganisms 
tested (P < 0.05). However, addition of a soil load had 
no effect on the efficacy against the same microorgan
isms (P > 0.05). 

Inactivation of Bacillus Spores Using a 
Peroxyacetic Acid-based Sanitizer 
SOOYEON OH, Claudia Rodriguez, and Peter J. 
Slade, National Center for Food Safety & 
Technology, Illinois Institute ofTechnology, 6502 
S.Archer Road, Summit-Argo, IL 6050 I, USA 

This study aimed, first, to develop a method to 
prevent germination of Bacillus spores during the 
process of application to representative food contact 
surfaces, and second, to evaluate the efficacy of an 
aqueous peroxyacetic acid based sanitizer at Inactivat
ing the spores. For the first objective, to ensure that 
the effects of the sanitizer were measured against only 
non-germinating spores, a method was developed 
whereby spores were suspended in 70% ethanol, 
loaded onto stainless steel and glazed tile coupons, 
and dried at refrigerator temperature overnight. For 
the second objective, after storage at ambient 
temperature for 5 or IO days, dried spores were 
exposed to various concentrations (from 0.4% to 
I 0%) of a peroxyacetlc acid-based sanitizer. Spores 
were recovered on tryptic soy agar after 20 min heat 
shock at 80°C. For Bacillus cereus ATCC 21281 spores, 
after 5 days storage there was 0.63 + 0.13 log 
reduction on stainless steel coupons and 0.97 + 0.40 
on glazed tile when 0.4% to 4% concentrations of the 
sanitizer were applied with 30 s contact time followed 
by neutralization. Likewise, there was a 3.42 vs 3.72 
log reduction on the respective coupons with 5% 
sanitizer, and 4.42 vs 4.48 log reduction with I 0% 
sanitizer.After IO days storage, there was a 0.61 + 
0.04 log reduction on stainless steel coupons 
compared with 1.12 + 0.02 on glazed tile with use of 
0.4% to 4% sanitizer. There were 6.73 vs 4.54 log 
reductions with application of 5% sanitizer. With 
Bacillus thuringiensis ATCC 33680 spores at 0.4% 
concentration there was <I-log reduction. Using 5% 
concentration, there was a 4.46 log reduction after I 0 
days holding on stainless steel and a 1.96 log reduc
tion on tile. When treated with I 0% sanitizer,> 5-log 
reduction on stainless steel and 4.75 log reduction on 
tile were observed. These data suggest that the 
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peroxyacetic acid sanitizer, when used as described, 
has excellent sporicldal activity against the Bacillus 
spores studied. 

P4-18 Mitigation of Alicyclobacillus spp. Spores 
on Food Contact Surfaces 

R. Goodrich Schneider, LORETTA M. 
FRIEDRICH, and M. E. Parish, University of 
Florida, Citrus Research & Education Center, 
700 Experiment Station Road, Lake Alfred, FL 
33850, USA 

lntroduction:The prevalence of Alicyclobacillus spp. 
and other spore-forming spoilage organisms in hand
ling and processing environments presents a sanitation 
challenge to manufacturers of products such as juices 
and beverages. Normal sanitation regimes such as hot 
water sanitization are not always effective in inactivat
ing the spores of these organisms, particulary from 
surfaces such as wood, although vegetative cells are 
readily destroyed. 

0bjectives:The objective of this study was to 
assess the efficacy of various chlorine dioxide sanit
izing regimes on populations of Alicyclobacillus spp. on 
stainless steel, wood and plastic conveyor material. 

Methods: Either high or low spore concentrations 
( I 0,000 CFU/ml or I 00 CFU/ml) were inoculated 
onto stainless steel, plastic or wood coupons and 
challenged with sanitizer. After treatment, the 
coupons were placed in sterile sample bags, massaged 
with neutralizing buffer, and samples were plated on 
Ali agar (M) for enumeration of surviving popula
tions. Samples were also examined before and after 
treatment by scanning electron microscopy (SEM) 
to confirm destruction or removal of the spores 
by the treatment. 

Results: Of the range of chlorine dioxide concen
tration/contact time regimes evaluated for all contact 
surfaces, the most effective concentration/time regime 
applied was I 00 ppm/IO min. The logarithmic reduct
ion of initial populations ranged from 0-4.5. The 
chlorine dioxide was least effective when applied to 
wood, resulting In the lowest observed reduction in 
spore numbers. 

Signi(tcance: Previous studies have shown that 
chlorine Is not effective against Alicyclobacillus spp. in 
food processing environments at reasonable usage 
levels. Chlorine dioxide is an alternative treatment to 
destroy microbial spores of Alicyclobacillus spp. in the 
processing environment, thus leading to a lesser 
likelihood of subsequent contamination by these 
spoilage organisms of the processed product. 

P4-19 Field Assessment of Sanitation Manage
ment for Food Suppliers of School 
Foodservice in Korea 

K. M. Lee, S. H. Kim, E. H. Choi,J. Y. Cha, H. S. 
Park, S. H. Choi, S. H. Kwon,J. K. Kim, K. H. Park, 
Y. K. Lee, and KYUNG RYU, Dongnam Health 
College, 937 Jungja-dong,Jangan-gu, Suwon, 
Gyeonggi 440-714, South Korea 

Introduction: The standards of equipment and 
facility are not yet well established, especially for food 
suppliers of foodservice in Korea.To prevent food
borne disease outbreaks in school foodservice 
operations, an effective management system is 

necessary to Improve the food safety performance 
of these suppliers. 

Purpose:The purpose of this study was to pro
pose an effective sanitation management system by 
assessing sanitation practices in food commodity 
treatment for food suppliers of school foodservice 
in Korea. 

Methods: Field assessment was performed at a 
total of 23 vendors supplying agricultural products, 
meat products, seafoods, industrial products, rice 
cakes and crops located in Seoul and Gyeonggi 
Province, The assessment tools were developed based 
on the prerequisite program of HACCP system and 
Food Sanitation Act.A 93-item check list was used to 
evaluate the areas of facility, manufacturing/prepara
tion facility and equipment, food materials storage, 
transport and recall, production, water, personnel, and 
Inspection.The maximum score of each item was two 
and the score was expressed as a percentage of total 
possible scores from the applicable items for each 
business type. 

Results: The average score of seafood vendors 
showed the highest score, 95.5%, because of HACCP 
requirements businesses. The scores of rice cakes and 
crops were 49.6 and 66.4%, respectively.The items 
scored relatively low were periodical evaluation of 
sanitizing effect in cleaning and sanitizing; sampling and 
sample-handling methods in receiving management; 
and periodical evaluation of cooperated business in 
raw material supplier management. 

Signi(tcance: These results indicate the difficulties 
of assuring the safety of raw materials and lack of the 
systematic cleaning and sanitizing system.Therefore, 
for a self-managed sanitation system, guidelines should 
be provided to establish the sanitation management 
system, reflecting the characteristics of business types. 

P4-20 Effects of Cetylpyridinium Chloride 
against Escherichia coli O I 57:H7 Biofilms 
on Stainless Steel 

SAJIDA PLAUCHE and Marlene Janes, Louisiana 
State University, I I I Food Science Bldg., Baton 
Rouge, LA 70803, USA 

Escherichia coli O I 57:H7 can form biofilms on 
food contact surfaces and is responsible for several 
outbreaks due to cross contamination In food 
processing plants.The objective of this study was to 
investigate the antimicrobial effects of cetylpyridinium 
chloride (CPC), a quaternary ammonium compound, 
against E.coli O I 57:H7 biofilms grown on stainless 
steel surfaces in different temperatures and culture 
conditions. A five-strain mixture of E.coli O I 57:H7 
( I 08 CFU/ml) cell suspension was prepared and 
attached to stainless steel chips by Immersing the 
chips in the cell suspension and incubating at 22'C for 
4 h. Each chip was then transferred to tubes contain
ing tryptic soy broth (TSB), I 0% TSB, or minimal salts 
broth (MSB) and incubated at I 2'C and 22'C for 2, 
IO and 21 days. The CPC inactivation of biofilms was 
studied by immersing the chips In 0.0 I%, 0.05%, 0.5%, 
1.0% CPC solutions for 2, 5, and IO min.The Inacti
vation of biofilms grown in all the three media were 
time and concentration dependent. There were 
significant reductions (P :s: 0.05) In total cell counts 
between treatment times at 2, 5, or IO min and 
between each CPC concentration compared to the 
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control. The 21-day and I 0-day biofilms were signi
ficantly (P s 0.05) more resistant to CPC than 2-day 
biofilms. Biofilms grown in MSB were more resistant 
to CPC than biofllms grown in TSB or I 0% TSB. 
Concentrations of 0.05% and 0.1 % CPC were suffi
cient to completely inactivate biofilms (2-day, I 0-day, 
and 21-day biofilms) grown in TSB and I 0% TSB 
respectively, whereas a concentration of 1.0% CPC 
was required to completely inactivate the 21-day 
biofilms grown in MSB.This study shows the potential 
use of CPC as a sanitizer to prevent E.coli O 157:H? 
cross contamination in food processing plants. 

Application of Sanitizers, Disinfectants 
and Detergents to Reduce Bacillus cereus 
Biofilm on Stainless Steel Surfaces 

IL-JIN KIM, Min-Jeong Lee,Yong-Soo Kim, 
and Sang-Do Ha, Chung-Ang University, 

72-1 Naeri, Daeduk myun,Ansung, 456-756 
Gyunggi-do, South Korea 

This study aimed to establish the effectiveness 
of washing and sanitation programs for reducing 
contamination of B. cereus In biofilms on stainless steel 
surfaces. Six sanitizers, QAC, alcohol, chlorine, calcium 
oxide, iodophor, and hydrogen peroxide, were 
evaluated.The detergent treatment which destroyed 
biofilm reduced 0.1 log CFU/chlp of B. cereus.The 
water treatment did not destroy biofilm and the 
treatments of chlorine 200 ppm for IO min and 300 
ppm for 5 min, iodophor 200 ppm for IO min, and 
QAC 400 ppm for IO min eliminated all 8. cereus. The 
B. cereus without biofilm was eliminated by chlorine 
I 00 ppm for IO min, 200 ppm for 5 min, and 300 ppm 
for 3 min; by iodophor I 00 ppm for IO min; and by 
QAC 400 ppm for IO min. However, ethanol, hydro
gen peroxide, and CaO did not eliminate all B. cereus 
regardless of biofilm formation. Therefore, detergent 
should be used prior to treatment of sanitizers and 
disinfectants for the purpose of controlling B. cereus 
on stainless steel surfaces. 

Novel Approach for Assessing the Efficacy 
of In-place Cleaning Methods for Food 
Equipment 

ROBERT S. DONOFRIO, Lisa Davis,Julie 
Vantine, and Lori L. Bestervelt, NSF Inter
national, 769 Dixboro Road,Ann Arbor, Ml 
48105, USA 

In Place Cleaning (IPC) of food equipment is vital 
for the delivery of safe food products in the retail 
food and restaurant sectors. !PC is defined as a 
method of cleaning and sanitizing equipment surfaces 
In their assembled form by mechanically circulating or 
passing a detergent solution, water rinse, and 
sanitizing solution (chlorine or quaternary ammo
nium) onto or over the surfaces, IPC efficacy 
standards have been developed and involve seeding 
the food equipment with a challenge organism, 
exposing the units to the sanitizer, and evaluating the 
reduction of the challenge organism in post IPC 
product. Current methods utilize chromogenic 
selective media for the enumeration of E. coli. Because 
of components of the selective media, this method 
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may not effectively assess the injured but still viable 
population. The goal of this study was to design 
a method using non-selective media to aid in injured 
cell recovery, while still maintaining a unique appear
ance for the challenge organism versus any back
ground bacteria. E. coli ATCC I 1229 was transformed 
via electroporation with a plasmid vector (pUC 19) 
containing a fluorescent protein (FP) and an ampicillin 
resistance gene. Two strains were generated: one 
expressed AcGFP I (Aequorea coerulescens green FP) 
and the other expressed DsRed-Monomer (Ane
monia sulcata red FP). A bench-top time kill study 
was performed to determine whether the engineered 
strains possessed the same sensitivity to chlorine and 
quaternary ammonium as the wild type. No signifi
cant difference was observed at any of the concentra
tions tested. The strains expressed the FPs on both 
selective and non-selective growth media indicating 
that a non-selective media may be an option for future 
IPC studies. The final phase of the study was to 
evaluate the performance of the FP strains against 
the wild type in an IPC application. At the time of 
this abstract these studies were in progress. 

Evaluation of Infrared Spectroscopic 
Methods for Analysis of Organic Soils 
on Stainless Steel Surfaces 

NURDAN A KOCAOGLU-VURMA, 
M. Thomson, L. E. Rodriguez-Saona, and 
W.J. Harper,The Ohio State University, 
2015 Fyffe Court, Columbus, OH 43210, USA 

Cleaning-in-place (CIP) systems are extensively 
used in food and pharmaceutical industries with the 
purpose of complete removal of organic and inorganic 
soils, including biofilms.Validation of the achievement 
of these goals is critically important. Fourier-transform 
infrared spectroscopy (FT-IR) is recognized as the 
most sensitive optical absorption technique for 
detecting low concentrations of organic compounds 
on reflective surfaces and has great potential as a 
rapid cleaning validation tool. The objective of this 
study was to evaluate IR spectroscopic methods for 
analysis of organic soils on stainless steel surfaces with 
different finishes.Three IR spectroscopy techniques, 
attenuated total reflectance (ATR), a mid-lR grazing
angle fiber optics probe, and IR mlcrospectroscopy 
with reflection and ATR accessories were evaluated 
for detection of organic matter on coupons (~2.5 x 
2.5 cm) soiled with whole milk samples.An indirect 
method (ATR-FTIR) was evaluated using various swab 
types and sample concentration methods to obtain 
spectra with minimal interference resulting from the 
sample preparation.The mid-lR grazing angle fiber 
optics probe and IR micro-spectroscopy were the 
direct evaluation methods utilized. Indirect analysis 
methods yielded low absorbance levels and Involved 
extensive sample preparation. Both grazing-angle 
probe and mlcrospectroscopy allowed for differentia
tion of clean and soiled coupons.The surface finish 
and the direction of the grits affected the spectra 
obtained. Spectral definition obtained by IR micro
spectroscopy was superior to the mid-lR grazing-angle 
probe. On the other hand, the surface area used to 
collect spectral information with the microspectros-
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copy was relatively small and several areas needed 
to be scanned to get a good representation of the 
sample distribution on the coupon.The mid-lR 
grazing-angle probe tested collected spectra from a 
larger surface area and allowed for in-situ examination 
of the samples. Infrared spectroscopy offers great 
potential as a rapid cleaning validation tool for mon
itoring the effectiveness of CIP systems to remove 
organic soils. 

P4-24 Reduced Attachment and Biofilm Devel
opment of Escherichia coli on Nickel-silver 
Alloy and Copper Surfaces 
DENISE LINDSAY, T. Pato, J. Tshukutswane, 
A. Koursaris, and A. von Holy, University 
of the Witwatersrand, Private Bag 3, 
Johannesburg, Gauteng,Wits 2050, South Africa 

Introduction: Bacterial biofilm formation in food 
processing environments has important food safety 
implications. Bacteria attach to many different types 
of surfaces, but attachment surfaces may vary in their 
ability to support biofilm development due to diff
erent substratum characteristics, 

Purpose: In this study, different surfaces (copper; 
nickel-silver alloy I containing ca, 73% copper, 21 % 
zinc and 6% nickel; and nickel-silver alloy 2 containing 
72% copper, 9% zinc and 19% nickel) were assessed 
for attachment by E.coli ATCC 8739 in comparison to 
stain less steel. 

Methods: High concentrations ( I 05
) of bacteria 

were used to represent a "worst-case" scenario and 
Inoculated onto metal coupons (4 cm2

) and incubated 
at room temperature (ca 20'C) for 7, 24 and 96 h. 
After incubation and rinsing, coupons were placed in 
Schott bottles containing glass beads and shaken to 
dislodge the cells.Aliquots were then plated onto 
tryptone soya agar using the droplet plate technique 
and colony forming units were counted. Further 
coupons were prepared for scanning electron micro
scopy by standard methods. 

Resu/ts:The highest counts were always obtained 
on stainless steel surfaces at each time interval (5.5, 
7.7 and 8.6 log CFU/cm2, respectively), Fewer E.coli 
cells attached to both types of nickel-si.lver alloy 
coupons, by ca. 2-3 log CFU/cm2

, compared to stain
less steel. However, counts were significantly lower 
(P < 0.05) on nickel-silver I only, which was attributed 
to higher concentrations of copper present in nickel
silver I than in nickel-silver 2. Significantly (P < 0,05) 
fewer E. coli cells attached to copper surfaces ( I log 
CFU/cm2

) than to stainless steel or the nickel-silver 
alloys. Scanning electron micrographs of nickel-silver 
alloy coupons showed shorter rods compared to 
those attached to stainless steel, indicating possible 
cell injury. 

Significance: Results suggested that food contact 
surfaces containing nickel-silver alloys and copper may 
aid in reducing biofilm formation in food-processing 
environments. 
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Prevalence of Escherichia coli O I 57:H7 on 
and Potential Biotransfer of Staphylococ
cus and Enterococcus between Cleaning 
and HandlingTools and Ready-to-Eat 
Food Products in Retail Delicatessens 
DENISE LINDSAY, C.A. Christison, and A. von 
Holy, University of the Witwatersrand, Private 
Bag 3,Johannesburg, Gauteng,Wlts 2050, South 
Africa 

Introduction: Previously we evaluated the microbi
ology of Ready-to-Eat (RTE) foods and associated 
handling and cleaning tools at 4 retail delicatessens In 
Johannesburg, South Africa and suggested that cleaning 
tools may represent a reservoir for contamination 
with potential foodborne pathogens. 

Purpose:This study aimed to characterize 
selected Gram-negative and -positive populations 
isolated from handling and cleaning tools. 

Methads:Two-hundred coliform and 300 E.coli 
colonies were randomly selected from countable 
Rapid' E.coli 2 Agar plates and further screened on BD 
BBL'" CHROMagar'" 0157 for E.coli Ol 57:H7.Twenty 
Gram-positive cocci were randomly selected from 
Baird-Parker Agar plus Egg Yolk Tellurite (0.5% w/v) 
plates and subjected to I 6S rDNA sequence analysis 
by standard methods. 

Results: No E.coli O I 57:H7 colonies were assoc
iated with RTE foods, cleaning tools, hands, or gloves. 
However, results of I 6S rDNA sequence analysis 
indicated that several Gram-positive isolates were 
identified as Staphylococcus aureus, S. pasteuri and 
S. sciuri. Enterococcus fecalis strains were also found. 
The same strains were identified from cleaning and 
handling tools, and associated RTE foods. For example, 
strain 180 isolated from gloves worn by food handlers, 
and strains 166 and I I I associated with chicken 
mayonnaise filled baguettes and cut fruit salad, 
respectively, were genetically homologous ( I 00%) to 
each other, and were Identified as S. aureus ( I 00% 
homology to S. aureus ATCC 14458). Similarly, strain 
I 18 isolated from a cleaning cloth, and strains I 12, 171 
and 172 associated with various salads, were geneti
cally homologous ( I 00%) to each other, and were 
identified as E. fecalis ( I 00% homology to E. fecalis 
ATCC 19433). Thus, It appeared that transfer of 
Gram-positive populations may have occurred 
between cleaning tools, hands, gloves, and RTE foods. 

Signlficance:Transfer of bacteria, in particular 
potential pathogens, such as S. aureus, to RTE foods 
from cleaning and handling tools may hold food safety 
Implications. 

P4-26 Comparison of Sanitary Designs of 
Delicatessen Meat Slicers 
GUODONG ZHANG, Li Ma, and Michael 
P. Doyle, University of Georgia, Center for 
Food Safety, 1109 Experiment St., Griffin, GA 
30223-1797, USA 

The cleanability and sanitization of meat slicers 
used in delicatessens are very Important, as designs 
that entrap foods that could harbor food residues 
and may allow food borne pathogens to thive. The 
objective of this project was to compare the sanitary 
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designs of different meat slicers commonly used in 

delicatessens. Four models from three brand name 

meat slicer manufacturers were selected for study 

based on a market survey, Oven-roasted turkey 

breast was sprayed with Clue Spray,™ which releases 
green fluorescence under UV light. A half chub of 
Clue Spray™ -sprayed turkey breast was sliced on each 
slicer. The sanitary conditions of all surfaces and parts 
were determined by visualizing the slicers under 
regular room light and UV light (365 nm wavelength) 
after cleaning without disassembling each slicer and 
cleaning the disassembled units. There were substan

tial differences in the sanitary characteristics of the 
four slicers. Carriage trays having a flat, simple 
bottom design were considerably easier to clean than 
those with compartments or ridges. The distance 
between the lower edge of the blade guard ring and 

the base of a slicer should be large enough to allow 
contact by hands and brushes. Simple and smooth 
blade covers were the best for sanitary design 
compared to those with bolts, ridges and rough 
surfaces, and complex in appearance. Blades with 
fewer indentations also were easier to clean. Blade 
guard rings having a sharp and deep Inner side were 
difficult to clean. High ridges near surfaces at the 
slicer front and back made cleaning difficult. Meat 
grips with fewer teeth per square centimeter were 
best for cleanability, Surfaces with large grooves and 
smooth small ridges were better designs compared 
with surfaces with small grooves and large ridges. 
Grooves with gradual endings were more easily 
cleaned than grooves with abrupt endings.All slicers 
evaluated had some desirable features, Combining 
these desirable features into a redesigned slicer could 

provide a greatly improved meat slicer from a 

sanitation perspective. 

The Role of Blofilm Formation in the 
Protection of Enterobacter sakazakii from 
Chlorination 

DIANA CAROLINA NMR and F. Ann 

Draughon, University of Tennessee, 1400 

Timbergrove Drive, Knoxville,TN 37919, USA 

Chlorination is known as an effective method for 

surface and equipment disinfection in production 
plants, hospitals and households. Chlorine concentra
tions of disinfectant solution varies from 50 ppm to 
200 ppm. Different studies report that the attachment 

of microorganisms to surfaces followed by biofilm 
formation enhance the resistance of cells to sanitizers. 
However, little is known about £ sakazakii biofilm 
resistance to chlorine.We were interested in studying 
the effect of chlorination over E. sakazakii cells that 

attach and produce biofilms on different surfaces 
commonly used for the preparation and administra
tion of infant formula. Two reference strains, E. 
sakazakii ATCC 29004 and 29544 from the American 
Type Culture Collection (ATCC) were used to 
inoculate coupons of each of the following materials: 
stainless steel, silicone, polypropylene and glass.After 
three hours of incubation at 35'C the inoculated 

coupons were rinsed with phosphate buffer pH 7.0, 
transferred to sterile petri dishes containing sterile 

207 - Journal of Food Protection Supplement A 

nutritional formula (Portagen, Mead Johnson), and 
incubated for 48 h at 35'C.After blofilm growth, the 
coupons were washed to remove unattached cells and 
placed in a petri dish filled with 20 ml of phosphate 

buffer, 20 ml of I 00 ppm chlorine solution or 20 ml 

of 200 ppm chlorine solution for 30 min, Survivors 

were reported as log CFU/cm s. The experiment was 
replicated three times. The results obtained indicate 

that once E. sakazakii attaches to the surfaces of study, 
it produces biofilms, making it resistant to the 
bactericide effect of solutions with chlorine concen
tration as high as 200 ppm free chlorine;the subse
quent sloughing off from the production surfaces 
would explain the contamination of the formula and 
appearance of outbreaks, 

P4-28 Production of Bacterial Biofilms by 
Enterobacter sakazakii and Other Entero
bacteriaceae on Neonatal Enteral Feeding 
Tubes 

EDWARD HURRELL and Stephen Forsythe, 

Nottingham Trent University, School of Biomedi

cal and Natural Sciences, Clifton Lane, 

Nottingham, Nottinghamshire NG 11 SNS, UK 

While the microbial safety of powdered infant 
formula has received much attention, due to 
Enterobaeter sakazakli, the possibility of bacterial 
blofilms on the neonatal enteral feeding tube acting as 
a loci for infection has not been thoroughly investi
gated. Clumps of bacterial cells can be dislodged from 
biofilms, and may survive the acidic neonatal stomach. 
This study addressed this issue using a total of 23 
strains of organisms identified by FAO-WHO (2004 
and 2006) as neonatal infectious organisms, that may 
also be isolated from powdered infant formula. These 
were: Enterobacter sakazakii, E. cloacae, Citrobacter 
freundli, C, koseri, Pantoea spp., E. coli, E. hermanii, 
E. vulneris, Klebsiella oxytoca, K. pneumoniae, Hafnia alvei, 
and Acinetobacter baumanii.The majority of these 

strains had previously been Isolated from powdered 

infant formula. Five types of enteral feeding tubes 

were investigated, These varied in composition, includ

ing antimicrobial silver-impregnation, and diameter. A 

number of organisms, including E. sakazakil, are noted 

for their production of extracellular, capsular poly

saccharides which could act as an adherence factor. 

Therefore, capsulation was assessed according to 

colony morphology on high sugar agar plates (XLD 

and milk agar), Organisms attached to the tubing as 

biofilms were enumerated in situ by use of the direct 

impedance method. The cell density was determined 

after incubation with the tubing for 24 h at 37'C,AII 

organisms formed biofilms which could not be 

removed by vigorous washing. The biofilm cell den

sities varied. For example, on PVC tubing the blofilms 

were I 03, I 05 and I 07 CFU/cm, for H. alvei, £ sakazakii 
ATCC 12868 and E. vulneris respectively, E. sakazakii 
NCTC 11467T (non-capsulated) formed less dense 

biofilms than the other strains of E. sakazakli. The 

biofilm on the "antibacterial" tubing was not signifi

cantly lower than that of ordinary enteral feeding 

tubes, 
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P4-29 Comparison of Effectiveness of Various 
Sanitizing Agents by Different Validity Test 
Methods 
AE-YEONG KIM, Yong-Su Kim, In-Sook Park, 
Sang-Do Ha, and Myung-Sub Chung, Korea 
Health Industry Development Institute, 57-1 
Noryangjin-Dong, Dongjak-Ku, Seoul, 156-050, 
South Korea 

This research was conducted to compare 
effectiveness of various sanitizing agents by application 
of different test methods such as "Suspension Test 
Method" which is the official method in Korea and 
"Quantitative Surface Test Methods" which are 
officially used in United States and European Unions. 
Each of 2 different commercial products from 5 kinds 
of sanitizing agents, chlorine, iodine, quaternary 
ammonium, alcohol, and peroxide compounds, was 
evaluated for effectiveness against Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeurginosa, and 
Enterobacter hirae. The evaluation methods were 
followed as Korean Food Additive Code, CEN EN 
13697, ASTM E 2197-02, and ASTM E 21 I 1-00, 
respectively. As "Suspension Test Method" and ASTM 
E 21 I 1-00 method were used, all IO commercial 
products caused a decrease of more than 5 log and 
4.1 ~6.1 log of microorganisms, respectively, which 
result in "Pass" to their standards and specifications. 
However, in the case of using the CEN EN 13697 
method, only 4 commercial products decreased by 
5.2~7.0 log and others could not pass the standards 
and specifications. Sanitizing agents containing 
chlorine and quaternary ammonium compounds 
showed poor effectiveness, which were 1.7~2.9 log 
reductions. Staphylococcus aureus showed strong 
resistance to those sanitizing agents. Six commercial 
sanitizing agents decreased by 4.5~6.0 log, which are 
"Pass" to the standards and specifications when ASTM 
E 2197-02 was applied. The sanitizing agents containing 
Iodine compound showed the least effectiveness, 
which were 1.8~2.8 log reductions. In conclusion, 
"Quantitative Surface Test Methods" may be tighter 
than "Suspension Test Method" in terms of conform
ance test on effectiveness of sanitizing agents. 

P4-30 A Comparative Analysis of Proficiency 
Testing Results from Food Laboratories 
WALT HILL and Mansour Samadpour, IEH 
Laboratories & Consulting Group, 15300 Bothell 
Way NE, Lake Forest Park,WA 98155, USA 

Introduction: In order for meat processors to 
demonstrate compliance with regulations such as the 
"zero-tolerance" requirement for Escherichia coli 
0 I 57:H7 in raw ground beef and performance 
standards for Salmonella, pathogen screening programs 
are widely Implemented using commercially available 
rapid test kits.The USDA-FSIS Microbiological Lab
oratory Guidebook (MLG) recommends that these 
kits meet the minimum performance criteria with 
sensitivity and specificity rates of: (i) .2:98% and .2:90% 
for E.coli O I 57:H7 and, (ii) .2:97% and .2:90% for 
Salmonella. Laboratories utilizing these rapid test kits 
often participate in proficiency testing programs as 
part of a quality control system. 

P4-3 I 

Purpose:This comparative study was conducted 
to review the results available for proficiency testing 
In food testing laboratories and to evaluate compli
ance with recommended performance criteria. 

Methods: Sensitivity and specificity rates were 
calculated from published proficiency testing results 
for the seven most widely used rapid test kits for the 
detection of E. coli O I 57:H7 and Salmonella. Confirma
tion methods were not considered in the analyses. 

Results:The most commonly used test kits for the 
detection of E. coli O I 57:H7 demonstrated a range of 
sensitivity rates from 77.4 to I 00% and a range of 
specificity rates from 90.5 to I 00%. Salmonella detect
ion kits showed a range of sensitivity rates from 76.5 
to I 00% and a range of specificity rates from 95.3 to 
I 00%. Sensitivity rates of the majority of methods 
considered were lower than the minimum perfor
mance criteria recommended in the USDA-FSIS MLG. 

Significance:These results suggest that the rapid 
test kits considered, as Implemented by independent 
laboratories, do not meet the performance criteria 
recommended by the USDA-FSIS. 

Efficacy of Sanitizing Program to 
Control Listeria in Poultry Facilities 
FLAVIA REGIANINI MONTIBELLER,Ademir 
Quintana Cabral, Eb Chiarini, Katia Leani de 
Sousa, and Maria Teresa Destro, University of 
Sao Paulo and JohnsonDiversey Brazil, Rua 
Nossa Senhora do Socorro, 125, Sao Paulo, 
Sao Paulo 04764-020, Brazil 

Controlling the presence of Listeria monocyto
genes (Lm) in the food processing environment is one 
of the most difficult tasks that companies have to face. 
It requires, among other things, the use of efficient 
chemical agents together with training the workers 
regarding the importance of these operations to 
improve their performance. Some companies have 
opted for monitoring Listeria sp. Instead of Lm.The 
aim of this study was to evaluate the efficiency of 
a cleaning-sanitizing program in diminishing Listeria 
presence in a poultry facility. The first step was to 
evaluate the pre-existing GHP (good hygiene prac
tices), using a check list. Environmental and air samples 
were collected 3 times and analyzed for Listeria 
presence according to ISO method.A new cleaning
sanitizing program was prepared and used for 45 days 
and a new evaluation was conducted. Samples from 
the same spots were collected (3 times) and reexam
ined. Lm Isolates were submitted to PFGE. The results 
showed that after implementing the new procedure 
Listeria overall contamination decreased from 48% to 
11 %. The lowest decrease rate was observed in the air 
samples, since the cooling system had design problems 
and could not be disassembled for cleaning.We 
believe that drastic reduction of Listeria contamination 
in this plant can be obtained if the company adheres 
to the use of high performance sanitizing products 
and follows the recommended use. The total involve
ment of the sanitizing team and managers is also 
required. 

Journal of Food Protection Supplement A - 208 
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Microbial Risk Factors Associated with 
Condensation in Ready-to-Eat Processing 
Facilities 

MINDY BRASHEARS, Mark Miller, Chance 

Brooks, Deidrea Harris, Guy Loneragan, 

Alejandro Echeverry,Tanya E.Jackson, and John 

Michael Mehaffey,Texas Tech University, Dept. of 

Animal and Food Sciences Box 42141, Lubbock, 

TX 79409, USA 

Processing plant environments are conducive to 
the accumulation of condensation on various surfaces, 
which can drip directly into food or onto food 
contact surfaces. Recently, the USDA has asked 
processors to address condensation in the HACCP 
plan; however, there is a lack of data describing the 
actual microbial risk associated with it. The objectives 
of this study were to determine the microbial risk 
associated with condensation in Ready-to-Eat (RTE) 
processing environments and to identify controllable 
risk factors associated with condensation formation. 
A minimum of 30 samples pre-operational and 30 
samples during operation were collected from areas 
of visible condensation, overhead pipes and dripping 
pans in 3 RTE meat processing plants each season 
during a one-year period. Samples were weighed to 
quantify actual amounts of condensation present, after 
which samples were subjected to enumeration ofTotal 
Plate Counts, enterococci, E. coli, yeast and molds and 
detection of Listeria spp.Total aerobic plate counts 
ranged from non-detectable to 2.5 log CFU/ml, with 
most samples containing fewer than I 00 cells/ml.The 
vast majority of samples did not contain any detect
able E. co// or enterococci.Yeast and mold counts were 
less than 1.0 log CFU/ml in all samples. Listeria spp. 
was detected In only 3 samples of more than 600 that 
were analyzed.All were detected in operational 
samples. Data from this project will help processors 
to make science-based decisions on the risks assoc
iated with condensation in RTE plants and to establish 
CCP or monitoring methods needed in the HACCP 
plan. 

A Vertically Integrated Colorimetric 
Rapid Detection Test for Listeria mono
cytogenes 

JEFFREY R. CALLAWAY and Lawrence 

Goodridge, Colorado State University, Dept. 

of Animal Sciences, 350West Pitkin St., 

Fort Collins, CO 80523-1 171, USA 

Introduction: Listeria monocytogenes is a ubiquitous 
pathogen and a major cause of food related illness. 
Current methods of detection are slow, laborious, and 
require expensive equipment, or technical expertise. 

Purpose:A rapid, easy to use test to detect 
L monocytogenes was developed, that requires little 
to no equipment or technical training. 

Methods:The Phast Swab Is a self-contained test 
device, containing a sampling tool (swab), growth 
media, immunomagnetic separation (IMS) beads, and 
a colorimetric substrate which, when cleaved by the 
enzyme phosphatidylinositol-speclfic phospholipase C 
(Pl-PLC), forms a visible Indigo reaction.A five-strain 
cocktail of L. monocytogenes was prepared so that the 
final concentration of the cocktail was I 09 CFU/ml. 
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The cocktail was serially diluted ( I 0-fold) in a dilution 
range from I 00-10·9, and individual slices of deli 
turkey meat ( I 00 mm diameter) were inoculated with 
I ml of each dilution.The meat was allowed to dry, 
and then each piece was swabbed with an individual 
Phast Swab, followed by a I 0-h enrichment. Any 
L. monocytogenes cells present In the growth media 
were Isolated and concentrated by IMS and the 
growth media was removed. Bacterial lysis buffer 
was added followed by the enzyme substrate, which 
reacted with Pl-PLC to form the indicative indigo 
color for positive identification. 

Results:The Phast Swab was capable of detecting 
I 02 cells on the deli meat within I 5 h. The test 
detected 55 of 57 L monocytogenes tested and none 
of the non- L monocytogenes tested. In pure culture, as 
few as I 07 CFU/ml were directly detected within 3 h. 
The addition of 428 mM KCI to the growth media 
significantly increased the sensitivity of the assay. 

Slgnif,cance:These data show that the Phast Swab 
can detect L. monocytogenes on deli meat in a rapid and 
specific manner without the need for Instrumentation 
to read the test result. 

Sterility Testing of a Dispensing Valve for 
Aseptic Function in Foodservice Applica
tions 

JARRET STOPFORTH, Bala Kottapalli, Marissa 

Lopes, and Mansour Samadpour, IEH Laborato

ries & Consulting Group, 15300 Bothell Way NE, 

Lake Forest Park, WA 98155, USA 

Introduction: Manual dispensing apparatus for 
aseptically-packaged beverages or foods requires 
refrigeration of the package following breakage of the 
hermetic seal.The foodservice industry would benefit 
greatly by implementing a dispensing apparatus that 
maintains the sterility of products after continued use 
without the need for refrigeration. 

Purpose:The purpose of this study was to 
evaluate the ability of a valve, designed to operate 
aseptically and dispense product with or without 
refrigeration, to maintain sterility of product following 
breakage of the hermetic seal and continued use 
simulating that of food service. 

Methods: Plastic packages equipped with the 
"aseptic" dispensing valve in a bag-in-box (BIB) format 
were aseptically filled with enrichment media with and 
without the addition of I% starch to simulate high and 
low viscosity products, respectively. BIB filled with 
media were left uninoculated or inoculated ( I 04 CFU/ 
ml) with Staphylococcus aureus or Asperg/1/us niger on 
the interior of the spout I cm from the opening to 
simulate consumer misuse. Uninoculated and 
Inoculated BIB were stored at 25'C and media was 
dispensed twice a day, every five days, for up to 30 
days to simulate foodservlce use. Dispensates were 
observed for turbidity (compared to controls) 
indicating growth in BIB and, thus, breach of sterility. 
Growth was confirmed by standard plating tech
niques. 

Results:There was no breach in sterility until day 
25.At day 25,unlnoculated BIB (1/45 samples positive 
for growth) containing high-viscosity media and BIB 
inoculated with S. aureus ( I /45 samples positive for 
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growth) containing low-viscosity media became turbid. 
Viscosity and type of organism did not appear to 
influence the ability of the valve to maintain sterility 
for:;,; 20 d. 

Sign/ficance:The results of this study provide 
evidence that the dispensing valve tested can maintain 
sterility of aseptically filled products following 
breakage of the hermetic seal and continued use 
under unrefrigerated conditions. 

Withdrawn 

Sensitizing Processing-resistant Food
borne Spoilage and Pathogenic Bacteria 
to Ultra-high Pressure by Food Colorants 
JOY G.WAITE and Ahmed E.Yousef,The Ohio 
State University, 2015 Fyffe Court, Columbus, 
OH 43210, USA 

Treating foods with ultra-high pressure (UHP) 
causes significant inactivation of their microbial load; 
however, a small number of survivors are often 
observed after extreme pressure treatments (a tailing 
phenomenon). Consequently, it is important to 
identify conditions and additives that enhance the 
efficacy of pressure against foodborne pathogenic and 
spoilage microorganisms. Based on preliminary work, 
it was hypothesized that food colorants could be used 
in combination with UHP to enhance pressure 
lethality. The seven US certified food colorants 
(FD&C Blue No. I, FD&C Blue No. 2, FD&C Green 
No. 3, FD&C Red No. 3, FD&C Red No. 40, FD&C 
Yellow No. 5, and FD&CYellow No. 6) were tested for 
synergy with UHP against Lactobacilius piantarum in 
citrate-phosphate buffer (pH 7.0). FD&C Red No. 3 
was the only food colorant that exhibited antimicro
bial properties as well as enhanced UHP lethality. 
Further studies were performed using FD&C Red No. 
3 against processing-resistant Listeria monocytogenes 
and Escherichia coli O I 57:H7 strains. Synergy of 
inactivation occurred with FD&C Red No. 3 concen
trations as low as 3 ppm when the pathogens were 
treated with 400 MPa for 3 min. FD&C Red No. 3 ( I 0 
ppm) and UHP (400 MPa for 3 min) inactivated a large 
population (> 7 log CFU/ml) of the processing-resist
ant L monocytogenes OSY-328; UHP treatment alone 
Inactivated ~0.3 log CFU/ml, whereas dye treatment 
alone inactivated 1.8 log CFU/ml. Gram-positive 
strains were sensitive to FD&C Red No. 3 alone, while 
E.coli O I 57:H7 was affected only when treated with 
the colorant In combination with UHP.These data 
suggest the role of the outer membrane of Gram
negative organisms as a protective layer that can be 
disrupted with UHP, resulting in sensitization of the 
bacterium to chemical treatments. 

P4-37 Mechanism of Action of Antilisterial 
Peptides Produced by Lactobacillus sakei 
2a, a Bacteriocinogenic Strain Isolated 
from a Brazilian Meat Product 
BERNADETTE D. G. M. FRANCO, Katia 
G. C. Lima, Monika F. Kruger, Matheus Barbosa, 
Emiliano Salvucci, and Fernando J. Sesma, 
University of Sao Paulo, Avenida Professor 
Lineu Prestes 580, Sao Paulo 05508-900, Brazil 

Introduction: Bacteriocins produced by lactic acid 
bacteria (LAB) are gaining Increased importance due 
to their activity against undesirable microorganisms, 
especially Listeria monocytogenes, an important psychro
trophic foodborne pathogen. In previous reports, we 
have shown that strain Lactobacil/us sakei subsp. sakei 
2a, isolated from a Brazilian pork meat product, pre
sents In vitro and In situ antilisterial activity.We also 
demonstrated that L sakei 2a produces sakacin 2a and 
at least other eight anti-llsterial peptides, all active 
against Enterococcus faecium, Enterococcus faecalis, 
Staphylococcus epidermidis, Lactococcus /actis, Enterococ
cus hirae, Enterococcus canis, Listeria monocytogenes and 
Listeria inoccua. It is known that Class II bacteriocins 
act by altering the permeability barrier of the cellular 
membrane of the target cells, and one of the common 
mechanisms of inhibition Is the dissipation of the 
membrane potential. 

Purpose:The purpose of this study was to eval
uate the mechanism of action of the antillsterial 
peptides produced by L sakei 2a. 

Materials and Methods:After purification, the 
peptides were tested for dissipation of membrane 
potential and depletion of intracellular pH of L mono
cytogenes, using fluorescent probes, 3,3 dipropylthlo
carbocyanine Iodide [DiSC3(5)] and 2,7-bis-(2carbox
yethyl) 5 (and 6)carboxyfluorescein (BCECF), res
pectively (Molecular Probes).The increase of fluores
cence of treated L monocytogenes cells was measured 
using a Cary Eclypse Varian spectrofluorimeter. 

Resu/ts:AII peptides decreased the membrane 
potential and dissipated the tpH of L. monocytogenes 
in a concentration-dependent fashion: IO nM of 
sakacin 2a caused the same effect as 100 nM of 
any of the other peptides. 

Significance:These results indicate that the 
antagonist activity of L sakei subsp. sakei 2a can be 
attributed to different peptides presenting similar 
mechanisms of action, the same as described for 
Class II bacterlocins. 

P4-38 Isolation and Purification of a Novel 
Bacteriocin from Enterococcus spp. with 
Broad Spectrum Inhibitory Activity 

JOHN E. LINE, N.J. Stern, E.A. Svetoch, B.V. 
Eruslanov,V. V. Perelygin, E. V. Mitsevich, I. P. 
Mitsevich,V. D. Pokhilenko,V. P. Levchuk, 0. E. 
Svetoch, and B. Seal, USDA-ARS-PMSRU, P.O. 
Box 5677,Athens, GA 30604-5677, USA 

Campylobacter jejuni Is a Gram-negative human 
foodborne pathogen of primary importance. Poultry 
are frequently contaminated with C.jejuni during 
production, with the majority of commercial US flocks 
positive for the organism by the time the birds reach 
market age at about 6 weeks. There are currently few 
effective on-farm interventions for reducing coloniza
tion of C.jejuni In the poultry gut. We report the 
isolation and purification of a 5,362 Da bacteriocin 
produced by an Enterococcus species isolated from 
chicken ceca with broad spectrum activity against 
both Gram-positive and Gram-negative bacteria.The 

Journal of Food Protection Supplement A - 210 
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bacterlocin, E-760, was isolated and purified by cation 
exchange and hydrophobic interaction chromatogra
phy. In vitro assays demonstrated that E-760 inhibits 
the growth of Salmonella Enteritidis, S. choleraesuis, 
S. Typhimurium, S. gallinarum, Escherichia coli O I 57:H7, 
Yersinia enteroco//tica, Citrobacter freundii, Klebsiella 
pneumonlae, Sh/gel/a dysenteriae, Pseudomonas aeru
ginosa, Proteus mirabilis, Morganella morganil, Staphy
lococcus aureus, S. epidermidis, Listeria monocytogenes, 
Campylobacter jejuni and 20 other Campylobacter spp. 
Isolates. Administration of bacteriocin E-760 treated 
feed significantly (P < 0.05) reduced colonization of 
young broiler chicks experimentally challenged with 
two strains of C.jejunl by more than 8 log CFU. 
Bacterlocln E-760 also significantly (P < 0.05) reduced 
colonization In the poultry gut of naturally acquired 
Campylobacter spp. in market age broilers when 
administered In treated feed for four days prior to 
analysis. Bacteriocin E-760 could be developed as a 
practical on-farm Intervention for reducing consumer 
exposure to pathogenic Campylobacter. 

Bacteriocin Structural Genes and Viru
lence Determinants among Bacteriocin
producing Enterococci Isolated from 
Different Food Samples 

XUEYING ZHANG and Ahmed E.Yousef,The 
Ohio State University, Dept. of Food Science 
and Technology, 2015 Fyffe Road, Columbus, 
OH 43210, USA 

Fifty-one bacterial Isolates that produce antimi
crobial agents were obtained from different food 
samples. Fourteen of these Isolates produced anti
microbial agents that were active against Listeria 
monocytogenes and Bacillus cereus; these 14 isolates 
were selected for further investigation. Based on 
biochemical testing and 16S ribosomal RNA gene 
sequence analysis, these Isolates were all Identified as 
Enterococcus faecalis. The properties of the corre
sponding antimicrobial agents were characterized. 
Furthermore, the presence of genes encoding known 
bacteriocins and virulence factors were investigated 
by polymerase chain reaction (PCR).The structural 
gene encoding enterocin AS-48 was detected in 
twelve of the fourteen isolates, but not from OSY-5B I 
and OSY-RM I . Nucleotide sequence of one of the 
twelve isolates showed 97.5% similarity to the gene 
encoding for enterocin AS-48, and the predicted 
amino acid sequence was 96.7% similar to the mature 
enterocln AS-48 protein. The fourteen isolates were 
also found encoding some or all the frequent comb
ination of Enterococcus virulence factors. However, the 
esp gene, encoding an extracellular surface protein, 
was not detected in any of the fourteen isolates. The 
raw cow's milk isolate, OSY-RM I, was further studied. 
The antimicrobial agent produced by OSY-RM I 
resemble class-II bacterioclns, and it was designated as 
Enterocin OSY-RM I (Ent OSY-RM I). The plasmid-free 
E. faeca//s OSY-RM I mutant retained its antimicrobial 
activity, suggesting that Ent OSY-RM I was encoded by 
chromosome-borne genes.The molecular mass of 
partially purified Ent OSY-RM I, based on SDS-PAGE 
analysis, was 4.0-4.5 kDa. In spite of the undesirable 
properties commonly associated with this lactic acid 
bacterium, the bacteriocin-produclng E. faeca//s OSY
RM I Is potentially useful in food applications. 
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Extraction of Nisin from a 2.5% Commer
cial Nisin Product Using Methanol and 
Ethanol 
T. MATTHEWTAYLOR, P. Michael Davidson, 
and Qixin Zhong, University of Tennessee, 
2605 River Drive, Knoxville,TN 37996, USA 

Nisln is a class la bacteriocin used in the food 
industry to inhibit the growth of Gram-positive 
spoilage and pathogenic microorganisms in various 
food products. The antimicrobial effectiveness of the 
peptide can vary significantly depending upon the food 
application. One method that has been investigated 
for improving the activity of nisin is encapsulation. For 
successful encapsulation, purified nlsin is preferred, 
though commercial nisin preparations contain only 
2.5% nisin.The exclusion of dairy proteins and salts 
using purification procedures would thus constitute a 
potential advancement in the utility of the antimicro
bial peptide.The primary objective of this study was 
to use solutions of methanol and ethanol to extract 
and purify nisin from a commercial powdered 2.5% 
nisin preparation. Commercial powdered nlsln was 
mixed with 10-100% absolute ethanol or methanol at 
a concentration of I 000 IU/ml and gently agitated for 
0.5-8 h. Following extraction, samples were centri
fuged and supernatants were tested for nisln activity 
and protein concentration.A standard bioassay was 
employed to estimate the antimicrobial activity of 
nisin extracts against the indicator M/crococcus luteus. 
Approximately 75% nisin activity was recovered with 
I 0% or 50% ethanol, compared to less than I% at an 
ethanol concentration higher than 90%. Extraction 
with I 0% or 50% methanol was similarly effective to 
comparable ethanol treatments. However, yields were 
significantly greater for extraction with methanol at 
concentrations greater than 90%. Fold purification for 
an 8 h extraction using I 0% or 50% ethanol was 1.36 
or 1.93 times, respectively. Purification was less than 
0.1-fold at higher ethanol concentrations due to poor 
extraction. For methanol treatments, fold purification 
factors were 1.09 to 5,98 and Increased as methanol 
concentration increased.This research demonstrates a 
method to extract and concentrate nisln that may 
provide an alternative means for applications such as 
encapsulation. 

In Vitro Assessment of Novel Edible Coats 
with Antimicrobial Features:Applications 
to Cheese 
OSCAR RAMOS, Manuela Pintado, and Xavier 
Malcata, Escola Superior de Biotecnologia, Rua 
do Espinhelro, No. 451, Porto, Sandim 4415-812, 
Portugal 

A new generation of food packages is on the way, 
as traditional concepts have been hampered in their 
ability to further extend shelf life of food products, 
coupled to considerably high ecological footprints. 
One element of such a generation takes advantage of 
coats that inhibit undesirable microbial growth; 
however, most commercial solutions already available 
in the market include only antifungal compounds, 
which cannot be Ingested. Edible coatings based on 
milk proteins, viz. whey proteins, have meanwhile been 
developed for use as protective layers in a variety of 
foods. Unfortunately, their main functionality relates 
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to barrier properties, so there is large room for 
improvement In appearance. Development of edible 
coats exhibiting general antimicrobial properties, and 
specifically designed for cheese applications, Is thus an 
Issue of practical relevance; however, a general sol
ution may not exist, as different spoilage/pathogenic 
microflora have been associated with the cheese 
surface. Consequently, the objective of this research 
effort was to assess, via In vitro tests, the efficacy of 
several formulated antimicrobial edible coats, based 
on whey protein Isolates as base coating material, and 
glycerol as plasticizer.The antimicrobial activity of 
several antimicrobial agents, such as a polysaccharide 
(chitosan), organic acids (lactic and citric acids), a 
bacteriocin {nisin) and lactoperoxidase, were tested 
against yeasts (e.g.,Yarrowia lipolytica) and bacteria (e.g., 
Salmonella spp., Escherichia coli, Listeria monocytogenes 
and Staphylococcus aureus), previously isolated from 
cheese.The inhibitory effect of said antimicrobials was 
initially tested In culture media and In edible coats, 
which remained In contact with said microbial strains 
for 24 h.Afterwards, the best antimicrobial systems 
were spread on the surface of sliced hard and soft 
cheeses deliberately contaminated with target micro
organisms (at an lnoculum level of I 05 CFU/ml), and 
the associated inhibitory activity was monitored. 
Lactic acid (at 6 g/L) yielded the strongest effect 
under the conditions tested against Salmonella spp. and 
E.coli. Different coatings showed different antimicro
bial behaviors, depending on the microbial agent in 
stake; however, association of antimicrobial agents 
Increased (as expected) the individual antimicrobial 
activities. 

P4-42 Role of Crude Canola Extracts on Listeria 
monocytogenes Cell Invasion to CaCo-2 
Cell Line 
LEONARD L.WILLIAMS, Ernest Cebert, and 
Juliet Durant,Alabama A&M University, 4900 
Meridian St., Normal, AL 35762, USA 

Adhesion and invasion of Listeria monocytogenes 
to intestinal cells is an important initial step in the 
pathogenesis of infection, and research suggests that 
some proteins, including those Involved in internalin 
and actin polymerization, are responsible for the 
adhesion and invasion. This study investigated the role 
of several cultlvars of crude canola extracts on the 
growth, cell adhesion and Invasion of L monocytogenes 
to human intestinal enterocyte-like Caco-2 cell lines. 
Tryptic soy broth (TSB) supplemented with four var
ieties of crude canola extracts at different concentra
tions (0.25, 0.5, I, 2, 50 and I 00%) were inoculated 
with L. monocytogenes Scott A and incubated overnight 
at 35'C, The growth rates were recorded every 2 h 
for a total of 24 h to determine the inhibitory effect 
of canola extracts.The Inoculate extracts were tested 
for ability to adhere to and invade Caco-2 mono
layers in 24-well tissue culture plates, using a cell 
invasion and cell adherence assay. Our results 
Indicated that higher concentrations (50 and 100%) 
of canola extracts significantly (P s 0.05) affected the 
ability of L. monocytogenes to grow and invade Caco-2 
cells but had no effect on the ability to adhere (73'C 
83%) to Caco-2 mammalian tissue culture cells, which 
was consistent with the control (75%). L. monocyto
genes grown In I 00% canola had significantly 

(P s 0.05) longer lag phases (5 - 8 h) compared to the 
control (3 h).The ability of L. monocytogenes ScottA 
to Invade Intestinal cells was lower (25 to 30%) 
compared to the control (43%), suggesting that the 
growth of the culture may have affected cell invasion, 
since there was a significant reduction in growth rate 
in the presence of crude canola extracts.These results 
strongly indicate that different varieties of canola 
extract may play an important role in modulating cell 
Invasion and the cell invasion phenotype, and the use 
of canola extracts may be an alternative for reducing 
the virulence of L. monocytogenes. 

P4-43 Moved to PJ-08 

P4-44 Antimicrobial Activity of Citrus-based 
Natural Extracts against Escherichia coli 
0157:H7 

RAMAKRISHNA NANNAPANENI, Philip G. 
Crandall, Steven C. Ricke, and Michael G. 
Johnson, Center for Food Safety & Microbiology 
- IFSE, Dept. of Food Science, University of 
Arkansas, Dept. of Food Science, 2650 N.Young 
Ave., Fayetteville,AR 72704, USA 

Seven citrus-based natural antimicrobials were 
evaluated for their ability to inhibit the growth of 
E.coli O I 57:H7 {ATCC 43889, 43890, and 43895). 
Zones of E.coli O I 57:H7 inhibition by the citrus
derived fraction (IO µI /6 mm disk) was determined 
by a disk-diffusion assay on sorbitol-MacConkey agar. 
Inhibition zones were observed after 48 h long 
growth of E.coli O I 57:H7 cells at 37'C. Orange CP 
VAL terpeneless FAB 96861 I and Limonene I x Dist 
FAB 955430 inhibited E. coll O I 57:H7 with inhibition 
zones of approx. I 1-24 mm dia. The remaining other 
five citrus-derived extracts (Orange Oil FL VAL I 121 
ARR 974760, Orange 5 x Cone VAL 4121 ARR 
968374, Orange terpenes ESS 1120 ARR 986259, 
Orange terpenes CP I I 00 ARR 986255, and Orange 
terpenes OEO HP I I 00 ARR 986257) were weakly 
Inhibitory to E. coli O I 57:H7, yielding inhibition zones 
of 7-11 mm. dia.These studies show citrus-derived 
natural compounds differ In their Inhibitory activity 
against E.coli O I 57:H7, and some have potential 
applications as inhibitory agents against E.coli O I 57:H7. 

P4-45 Ciprofloxacin-sensitive and Cipro
floxacin-resistant Campylobacter jejuni 
Inhibition by Citrus-based Natural Ex
tracts 
RAMAKRISHNA NANNAPANENI, Philip 
G. Crandall, Steven C. Ricke, and Michael G. 
Johnson, Center for Food Safety & Microbiology 
- IFSE, Dept. of Food Science, University of 
Arkansas, Dept. of Food Science, 2650 N.Young 
Ave., Fayetteville,AR 72704, USA 

Six citrus-based natural antimicrobials were 
evaluated for their ability to inhibit the growth of 
ciprofloxacln-sensitive (UAF 244) and clpro-floxacin
resistant (UAF 199) Campylobacter jejuni obtained 
from retail raw chicken carcass rinses. Zones of 
Campylobacter inhibition by the citrus-derived fraction 
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(IO µ1 /6 mm disk) were determined by a disk-diff
usion assay on Campylobacter agar. Inhibition zones 
were observed after 48 h long growth of live spiral 
Campylobacter cells at 42'C under microaerophilic 
conditions. Orange CPVAL terpeneless FAB 96861 I 
was found to be highly inhibitory to both cipro
floxacin-sensitive and ciprofloxacin-resistant C.jejuni, 
yielding maximum inhibition zones of 48-56 mm dia. 
Limonene I x Dist FAB 955430 yielded Campylobacter 
inhibition zones of 13-16 mm dia. against both C. jejuni. 
The remaining other four citrus-derived extracts 
(Orange Oil FL VAL I 121 ARR 974760, Orange 
terpenes ESS I 120 ARR 986259, Orange terpenes CP 
1100 ARR 986255, and Orange terpenes OEO HP 
I I 00 ARR 986257) yielded Campylobacter inhibition 
zones of I 0-13 mm dia.These studies show citrus
derived natural compounds have potential applications 
as inhibitory agents against both ciprofloxacin-sensi
tive and ciprofloxacin-resistant C.jejuni present on 
retail raw chicken carcasses. 

P4-46 Antibacterial Efficacy of Thyme and 
Oregano Vapors 

Tania F. Perez-Alvarado, Fernanda San Martin, 
Enrique Palou, and AURELIO L6PEZ-MALO, 
Universidad de las Americas Puebla, Sta. 
Catarina Martir, Cholula, Puebla 72820, Mexico 

Innovative applications of essential oils of spices 
may inciude their use as sources of antimicrobial 
volatile compounds without direct addition of the oil 
to the food system. The effect of thyme and oregano 
essential oil vapors dissolved in ethanol (5, 15, 25, 35 
or 50%) on Escherichia coli, Salmone//aTyphimurium 
and Pseudomonas aeruginosa growth response were 
evaluated.Thyme and oregano were milled and water 
vapor distilled to obtain their essential oils. For every 
microorganism, tripticase-soy agar plates were spiral 
inoculated (50 L of a I 08 CFU/mL stationary phase 
bacterial suspension), incubated at 25'C In 5 liter 
hermetic chambers with 2 ml of essential oil/L of air, 
and observed every day for 5 days, registering and 
counting survivals. Increasing ethanol concentration to 
dissolve thyme or oregano essential oils significantly 
(P < 0.05) affected bacteria growth response. Bacterial 
count reductions could be attributed to a fast volatili
zation of volatile compounds. Minimal Inhibitory 
concentration for every studied bacteria depends on 
the essential oil concentration, being higher for thyme 
essential oil. In general, P. aeruglnosa was more resist
ant, followed by E.coli and Salmonella Typhimurlum. An 
atmosphere with 2 ml of 25% essential oil/Lair had 
an important effect on microbial growth being inhib
itory for the three studied bacteria. Therefore, thyme 
and oregano essential oils volatiles are promising 
antibacterial agents for foods, where the essential oils 
have compatible flavors and odors. 

P4-47 Antimicrobial Agents Combining 
Thymol, Carvacrol, and Eugenol 

Rebeca Garcia-Garcia, Rosa Elena Delgado
Portales, N.Angelica Santiesteban, P. Michael 
Davidson, Enrique Palou, and AURELIO L6PEZ
MALO, Unlversidad de las Americas Puebla, Sta. 

Catarina Martir, Cholula, Puebla 72820, Mexico 

213 - Journal of Food Protection Supplement A 

Phenolic compounds naturally present In plants 
can be used as antimicrobial agents.The possibilities 
to formulate effective antimicrobial agent mixtures 
can be expanded by combining natural agents. Individ
ual and combined effects of thymol (Th), carvacrol 
(Cr) and eugenol (Eu) concentrations on the growth 
of Escherichia coli O I 57:H7 (2 strains: 43895 and 932) 
and Listeria monocytogenes (2 strains: Scott A and 310) 
were evaluated. Tripticase soy broth was prepared 
with NaCl and hydrochloric acid or sodium hydroxide 
to reach aw 0.99 and pH 7.0; and the necessary 
amount ofTh, Cr and/or Eu (0, 12.5, 25, 50, I 00, 200 
and 250 ppm) was added; then samples were inocu
lated ( I 06 cell/ml), and incubated at 5, 20 or 30'C (for 
L. monocytogenes strains) or at 20, 30 or 40'C {for 
E.coli strains), and optical density (OD) was measured 
every day for 7 days. Minimal inhibitory concentra
tions {MIC) for phenolic compounds (Th, Cr, and Eu) 
were determined, as well as the Inhibitory concentra
tions for every antimicrobial combination. Fractional 
inhibitory concentrations (FIC) and FIC Index were 
then calculated. In general, L monocytogenes exhibited 
higher resistance than E.coli to the evaluated antimi
crobials. MICs varied from 250 to 12.5 ppm depending 
on strain and incubation temperature. Inhibitory 
concentrations ofTh, Cr and Eu in the evaluated 
mixtures depended on strain and Incubation tempera
ture, but al least one synergistic combination was 
found.The combination of 25 (Cr), I 00 {Th) and 50 
(Eu) ppm inhibited growth of L monocytogenes Scott A, 
while 25 (Cr), I 00 (Th) and 12.5 (Eu) ppm inhibited 
E.coli O I 57:H7 (strain 43895). In several cases, FIC 
Indexes evidenced synergic combinations with values 
< 0.7.Ternary mixtures of phenolic compounds 
reduced individual Inhibitory concentrations. Comb
ining agents from different sources may well increase 
the application of natural antimicrobials in foods. 

P4-48 Antimicrobial Properties of Plant 
Extracts against Clostridlum perfringens 
and Vibrio cholerae 

EDUARDO SANCHEZ, Santos Garcia, and 

Norma Heredia, F, Universidad Autonoma de 

Nuevo Leon,Apdo. Postal 124-F, San Nicolas, 

NL 66450, Mexico 

lntroduction:The high incidence of diseases caused 
by foodborne pathogens requires the development of 
new and Improved methods of food preservation. The 
food industry is trying to reduce the use of chemical 
preservatives In foods because of negative consumer 
perceptions of artificial preservatives, so as to either 
completely remove or adopt more "natural green" 
alternatives. Historically, plants have provided a good 
source of antimicrobials agents.There is considerable 
interest in the use of these compounds as food 
additives, to delay the onset of food spoilage or to 
prevent the growth of foodborne pathogens such 
as C/ostridlum perfringens and Vibrio cholerae. 

Purpose: In this study we Intended to determine 
the Inhibitory effect of different methanollc extracts 
against growth of two strains of C. perfringens and 
V. cholerae. 

Methods: Microbial cultures were activated in 
Thioglycollate Broth (C. perfringens) and Luria Bertanl 
Broth (V. cholerae) and incubated at 37'C overnight. 
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To obtain the plant extracts, 37 plants were dried and 
ground, then extracted overnight with methanol, 
filtered, evaporated under reduced pressure and 
resuspended In IO ml of methanol. Preliminary 
antimicrobial assays were performed using the agar 
well diffusion bioassay In Mueller Hinton Agar plates, 
Minimum bactericidal concentrations (MBC) of the 
most active methanol extracts were determined using 
the broth dilution method; this concentration was the 
lowest concentration at which bacteria failed to grow 
in LB Agar (for V. cholerae) and Count Plate Agar 
(for C. perfringens under anaerobic conditions). 

Results:The most bactericidal extracts for both 
bacteria were those of basil (Ocimum basi/icum L.) 2-3 
mg/ml,Japanese plum (Prunus salicina Lindi.) 2-6 mg/ml, 
sweet acacia (Acacia farnesiana L.) and white sage 
brush (Artemisia ludoviciana Nutt.) 0,3-0.5 mg/ml. 

Signiµcance: Here we present four plant extracts 
that could be alternatives to control growth of these 
pathogens. Basil and plum are edible plants that could 
be easily added to foods. 

Identification of Plant Compounds That 
Inactivate Shiga Toxin 
BEATRIZ QUINONES, C. S. Massey, R. D. 
Alfonso, M. Friedman, and K.Teter, USDA
ARS-WRRC, Produce Safety and Microbiology, 
800 Buchanan St.,Albany, CA 94710, USA 

Introduction: Numerous foodborne diseases 
result from ingesting foods that are contaminated 
with bacterial toxins, The recent occurrence of 
foodborne-related outbreaks caused by Shiga-toxin 
producing Escherichia coli O I 57:H7 make it a public 
health problem of serious concern.Thus, in order to 
improve food safety, there is a need for technologies 
to Inactivate or inhibit bacterial toxins. 

Purpose:The specific objective was to develop a 
Vero cell-based assay to identify natural compounds 
from green tea and other plant compounds that 
Inactivate Shiga toxin 2 (stx2) from enterohemorrhaglc 
Escherichia coli. 

Methods: Vero cell line (Vero-d2EGFP), which 
expresses a destabilized variant of the enhanced green 
fluorescent protein (EGFP), was used to monitor the 
inhibition of protein synthesis by stx2. Plant com
pounds and stx2 were added to theVero-d2EGFP cells, 
and the EGFP fluorescence emitted by these cells 
was quantified after overnight incubation. 

Results:Addition of the green tea compound, 
epillocatechin-3-gallate to stx2-treated cells resulted 
in 25% reduction when compared to toxin-untreated 
cells. In contrast,Vero-d2EGFP cells treated with stx2 
had more than a 60% reduction of EGFP fluorescence. 
Interestingly, the essential oils oregano and cinnamon 
oil effectively inactivated stx2; EGFP production by 
these cells reached levels that were identical to those 
of toxin-untreated cells. Similar results were obtained 
for carvacrol and transcinna-maldehyde, the major 
constituents of oregano and cinnamon oil, respec
tively. 

Signiµcance:The proposed research has validated 
a novel method to identify anti-toxin compounds. In 
addition, the present study will provide basic infor
mation on the compound-induced inactivation of stx2 
for the development of food-compatible conditions 
for toxin inactivation. 

P4-S0 Inhibitory Effect of Fermented Kimchi on 
Vibrio parahaemolyticus ATCC 17802 
Strain 

P4-SI 

JONG-KYUNG LEE, Da-WaJung, Myung-Ki Lee, 
Se-Wook Oh, Yunjl Kim, and Young-Ho Kim, 
Korea Food Research Institute, San 46-1, 
Baekhyun-dong, Bundang-gu, Sungnam-Si, 
Gyeonggi-do 463-746, Republic of Korea 

The effect of klmchl, traditional Korean ferment
ed vegetables containing diverse LAB, on inactivating 
Vibrio spp. and the factors affecting the antimicrobial 
activity of kimchi were investigated In this study. 
Commercial fermented kimchi containing 2-3% salt 
and pH between 4.2--4.4 inactivated more than 6 log 
CFU/g Vibrio parahaemolyticus ATCC 17802 after I 0 
min Incubation at 37°C. Fermented kimchi of pH 4.3 
inactivated V. parahaemolyticusATCC 17802 more 
than the less fermented kimchl of pH 4.8 by 4 log 
CFU/g after 20 min incubation at 37°C. Of the raw 
ingredients In kimchl, including cabbage, spring onion, 
garlic, ginger and pepper, raw garlic showed the 
strongest antimicrobial activity against V. parahae
molyticus ATCC 17802. Less than I 0% (w/v) garlic 
also accelerated the kimchl fermentation.The strong 
antimicrobial effect of fermented kimchi on V. para
haemo/yticus ATCC 17802 is caused by low pH and 
the presence of lactic acid bacteria (LAB). 

Antimutagenic Capabilities of Selected 
Lactobacillus spp. and Bifidobacterium 
bifidum ATCC I 1863 Supernatants at 
Different Growth Phases 
VESELA I. CHALOVA, Y. M. Kwon, J.M. Lingbeck, 
and S.C. Ricke, University of Arkansas, POSC
O-I 14, Fayetteville, AR 7270 I, USA 

Introduction: Problotic bacteria especially Biµdo
bacter/um spp. and Lactobacillus spp. have been shown 
to be beneficial in human health. However, giving the 
difficulties of routine cultivation of anaerobic bacteria, 
direct administration of a live culture remains unrel
iable. An alternative approach would be to isolate the 
probiotic compounds and utilize them as food supple
ments thus avoiding the over reliance on probiotic 
bacterial colonization in the gut. 

Purpose:The goal of this study was to evaluate the 
antimutagenlc capabilities of Biµdobacterium biµdum 
ATCC I 1863 and selected Lactobacillus spp. super
natants at different growth stages with the potential 
to Identify and characterize functional problotlc 
compounds. 

Methods:The B. biµdum and Lactobacil/us spp. 
were grown in deMan Rogosa Sharpe (MRS) medium 
supplemented with 0.05% cysteine and incubated at 
37°C in an anaerobic jar. Samples of mid-log and late 
stationary stage of each bacterial culture were centri
fuged and supernatants were analyzed. A modified 
Ames test using Salmonella Typhimurlum TA I 00 was 
performed to evaluate the antimutagenlc activities 
of the bacterial supernatants against benzo[a]pyrene 
(0.5 mg/plate) and sodium azlde (0.5 mg/plate). 

Results:The bacterial supernatants were char
acterized with different patterns of antlmutagenic 
activities against the two mutagens in the mid-log 
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and stationary phase.While B.bifidumATCCI 1863 
expressed higher antimutagenic activity against the 
benzo[a]pyrene in the mid-log (26.0 I ± 12.7%) than in 
the stationary phase (9.54 ± 5.3%), all three Lactobac-
11/us strains (ATCC8014, ATCC I 1578, and ATCC 
4794) were antlmutagenlcally active In the stationary 
phase (74.24 ± 15.8, 23.44 ± 14.8, and 49.10 ± 7.1 % 
respectively) but not In the mid-log phase.Antimu
tagenic properties of the bacterial supernatants of the 
four cultures against the sodium azide were greater in 
the stationary phase (31.68 ± 8.7, 54.64 ± 8.1, 56.57 ± 

13.1, and 43.58 ± 15.1 %) than in the mid-log (26.0 I ± 

14.4, 44.42 ± I 5.8, 29.25 ± 0.5, and 34.31 ± 12.6%). 
Significance: The evaluation of the antimutagenlc 

activities of the culture supernatants at different 
growth phases will facilitate the isolation and char
acterization of specific antimutagenic compounds. 

P4-52 Management of Food Additives in 
Functional Health Foods in Korea 

AE SON OM, J. H. Moon, S. Y. Park, I. H. Kim, 
J.Y. Shim, H.A. Shin, M. K.Jang, K. H. Hong, 
J. D. Choi, K. I. Moon, and J. H. Hong, Hanyang 
University,The College of Human Ecology, Dept. 
of Food and Nutrition, 17 Haengdang-dong, 
Seongdong-gu, Seoul, 133-791, South Korea 

Introduction: In Korea, current food additive 
regulation for functional health foods (HFF} is based 
on the Food Additives Code of Korea. However, the 
food additive regulation in Korea is different from that 
in other countries and from the international standard 
of food additives for HFF. Therefore, we needed 
to manage food additives for HFF that should be 
harmonized by International standard. 

Purpose:The objective of this study was to 
provide a systematic administration plan for food 
additives used in HFF in Korea. 

Methods: We analyzed the labeling of 95 HFF 
(capsule type: 18 domestic and 27 Imported products, 
tablet type: 23 domestic and 27 imported products) 
marketed in Korea, and analyzed the opinion of food 
additives use for HFF produced In seven HFF manu
facturers. Also, we detected preservatives (sorblc acid, 
benzoic acid, p-hydroxy benzoic acid and propyl 
paraben) In 11 HFF products which were similar to 
those rejected for imported ones. 

Results: The identified use of food additives in 
14 products ( I I nutritional supplement products, 
I glucosamlne product, and I gamma linolenlc acid 
product) was not labeled, although HFF must have the 
label of the name and identified use of food additives 
currently listed in the Korea Food Additive Code. 
There were suggestions of limited residual mineral oil 
and legal use of three media ingredient additives as 
HFF manufacturer's opinion Investigations. Also, 
perservatices were not detected in HFF products. 
Finally, the scientific information of 21 food additives 
selected from analysis of the label and manufacturer's 
opinion was listed mainly based on Korea Food 
Additives Code, CODEX and EU standard,JECFA and 
main developed countries' public reports and recent 
international papers in order to suggest the standards 
of 4 food additives (Food Blue No. I, BHA, BHT, and 
Propyl Gallate). 
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Significance:The current results may be used as 
a reference to establish the revision of the standard. 
Moreover, further study will be accomplished 
monitoring of intake and exposure amounts of food 
additives for the safety assessment of HFF. 

P4-53 Determination of Arsenic, Lead and 
Manganese in Water Samples from 
Hidalgo and Tlaxcala, Mexico 

Jaime Garcia German Monsalvo,Ana Retama, 
MIROSLAVA SANCHEZ-MENDOZA, Elizabeth 

Castelazo,Armida Zuniga,Alberto Jonguitud, and 

Luis A. Munos, State Laboratory of Public Health 

atTlaxcala and State Laboratory of Public 
Health at Hidalgo, Boulevard Luis Donaldo 
Colosio, s/n. Parque de Poblamiento, Pachuca, 
Hidalgo 42088, Mexico 

Introduction: The toxic effects of heavy metals is a 
widespread concern related to reduction of environ
mental pollution in the modern industrial context. 
Virtually all metals can produce toxicity when ingested 
in sufficient quantities, but there are several which 
are especially important because they either are so 
pervasive, or produce toxicity at such low concentra
tions. 

Purpose: The purpose of this study was to deter
mine the presence of of arsenic, lead and manganese 
in water samples from Hidalgo and Tlaxcala, Mexico 
Methodology:330 samples of water obtained at 
Hidalgo and I 04 from Tlaxcala during January to 
December of 2006 were analyzed by atomic absorp
tion spectroscopy with Analyst 800 spectrophotom
eter. 417 samples were analyzed for arsenic and lead, 
and 17 for manganese only. The samples were obtained 
from public supply (potable water) or natural sources 
such as lakes and rivers; IO were purified water. 

Results and Conc/usions:The results obtained were 
compared with the maximal concentrations estab
lished in the Mexican Laws, 0.025 mg/I for arsenic and 
lead and 0.15 mg/I for manganese. Of 417 samples 
analyzed for arsenic and lead, 51 ( 12.23%) were 
positive for the presence of arsenic with a maximum 
concentration of 0.24 mg/L, and 4 (0.95%) for lead 
at a concentration of 0.24 mg/L. Of the 17 samples 
analyzed for manganese, only one had a concentration 
of 0.372 mg/L. The results obtained by the laboratory 
are analyzed by the Jurisdictions and the State Comm
ission of Protection against Sanitary Risks who take 
the necessary measurements to avoid poisonings for 
the consumption of water contaminated with heavy 
metals. 

P4-54 Monitoring of Ochratoxin A in Imported 
Foodstuffs 

JOONGOO LEE, J. H.Joung, E. S.Ann, M.J. Noh, 

S. Heo,J. S. Park, and H.Y. Kim, Korea Food 
& Drug Administration, 120 Juan I Doung, 
Nam Gu, lncheon, 402-835, Korea 

Introduction: Ochratoxin A produced by several 
Aspergi/lus and Peniclllium species has carcinogenic, 
lmmunosuppressive, nephotoxic, and teratogenic 
properties. Recently, Ochratoxln A has been analyzed 
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in distributed foodstuffs such as dried fruits, grains, 
etc., and the frequency of detection was rare In Korea. 
It is necessary to verify the safety of imported 
foodstuffs with regard to Ochratoxin A. 

Purpose: The purpose of this study is to monitor 
the levels of Ochratoxin A comtamination in imported 
foodstuffs. 

Methods: Sample (25 g) pulverized and blended 
was extracted with solvent (acetonitrile: water = 6:4) 
for 3 min.The extract was purified with lmmuno
afflnity column and analyzed by HPLC.The analyte 
(IO I) was injected onto a C 18 column (4.6 x 250 mm, 
5 m, Shiseido capcell pak MGII) and detected with a 
fluorescence detector (excitation wavelength 333 nm, 
emission wavelength 460 nm).The mobile phase 
consisted of methanol, water, acetonitrile (99:99:2). 

Resu/ts:The 56 samples of imported foodstuffs 
such as dried grape, rice, barley, and fruit product 
were analyzed for Ochratoxln A. Among the samples 
analyzed, only one sample, dried grape, proved to be 
contaminated, at the level of 0.2 g/kg. 

Slgni(tcance:The detection level was less than the 
potentially recommended standard, IO g/kg, of Ochra 
toxin A in Korea. However, Ochratoxin A can be 
a potential emerging hazard factor because grains 
and grain products are the most widely consumed 
foodstuffs in Asia.The concentration of detected 
Ochratoxin A was 0.2 g/kg, and this suggested that 
use of IAC improved the purification of sample. 

Safety Evaluation of Elsholtzia splendens 
Extracts:Assessment of Acute Toxicity 
and Mutagenicity 

Hae-Jin Um, SOON-Ml SHIM, Ki-Hwan Park, 
and Gun-Hee Kim, Seoul National University, 
Dept. of Food & Nutrition, Sillim-Dong, 
Gwanak-Gu, Seoul, 151-742, South Korea 

Introduction: Much attention has been gained 
recently for Elsholtzia splendens extracts and an Issue 
on their usage is raised due to their healthful prop
erties. However, there is no sufficient background 
information on toxicological evaluation of Elsholtzia 
splendens extracts to give an assurance of safety for 
developing dietary supplements and functional foods. 

Purpose: The objective of this study was to 
evaluate safety of Elsholtzia splendens extracts, using 
tests for acute oral toxicity, bacterial reverse mutation, 
and chromosome aberration. 

Methods: Both female and male mice were orally 
administrated Elsholtzia splendens extracts at the 
concentrations of 0, 500, I 000, and 2000 mg/kg body 
weight/day. Mutagenicity of the extracts was evaluated 
in a bacterial reverse mutation assay, using histidine
requiring Salmonella Typhimurium (TA 98,TA I 00,TA 
1535, and TA 1537) and tryptophan-requiring Esch
erichia coli (WP2uvrA). In vitro chromosome aberra
tion assay In Chinese Hamster Lung (CHL) was 
conducted to evaluate genotoxicity. 

Results: Single administration of dose levels of 
500, I 000, and 2000 mg/kg body weight/day to mice 
for 15 days did not produce any significant mortality, 
clinical signs, body weight loss, or changes In gross 
findings. Elsholtzia splendens extracts in the range of 
156.3-5000 ug/plate did not induce mutagenlclty In 
S. Typhimurium and E.coli with and without metabolic 

activation system. Any significant chromosomal 
aberration was not observed in CHL cells 6 h after 
treating with the extract at the concentrations of 
1250, 2500, and 5000 g /ml in the absence or presence 
of metabolic activation system. However, frequency of 
chromosomal aberration In 22 h after treatment 
without metabolic activation system was increased, 
showing a pattern of dose-response relationship.The 
highest concentration of 5000 g/ml significantly 
induced chromosomal aberration. 

Signi(tcance: Elsholtzla splendens extracts may 
Induce chromosomal structure abnormality in CHL 
cells.This study suggests that further study is needed 
to assess the potential genotoxic effects of Elsho/tzia 
splendens extracts. 

P4-56 Acrylamide Content in Food Products 
Manufactured in Korea 

Ml KYO KIM, Se-Hee Paek,Cheong-Tae Kim, 
and Sangsuk Oh, Ewha Womans University, Dept. 
of Food Science and Tech., I 1-1 Seodaemun-ku 
Daehyun-dong, Seoul, 120-750, Korea 

Acrylamide is a toxic and probably cancer
causing, industrial chemical used in the preparation 
of industrial polyacrylamide, which is used in a variety 
of industries such as wastewater treatment and paper 
and pulp processing.Acrylamide is not novel, but its 
occurrence In food raises concern about the human 
health affects of acrylamide Intake. Acrylamide is 
found in many common food products, in particular 
carbohydrate-rich foods such as potatoes cooked at 
high temperature.The purpose of this study is to 
analyse acrylamlde In food products consumed in 
Korea and to estimate intake of acrylamide from food 
products manufactured in Korea.Around four-hundred 
seventy food products, categorized into seventeen 
groups, were purchased at local markets and analyzed 
for the acrylamide concentration with an LC-MS/MS 
method. Samples were selected based on special 
consideration such as expert consultation, Korean 
food consumption data and food market shares that 
were considered representative. The acrylamide 
content of Korean food products is similar to that 
reported for domestic and international analyses. For 
471 food products, acrylamide content ranged from 
ND (not detected) to 4,002 g/kg.Acrylamide levels In 
cereal, coffee, potato snacks, chocolate, and prune 
juice are relatively high. 

P4-57 A Limited Survey of Zearalenone, an 
Estrogenic Mycotoxin, in Cereal Crops 
and Their Products Consumed in Korea 

HYUN JUNG KIM, Hyang Sook Chun, Hyun Ee 
Ok, Hyun-Joo Chang, and Sung Wook Choi, 
Korea Food Research Institute, San 46-1 
Baekhyun-dong, Bundang-gu, Sungnam-si, 
Gyeonggi-do 463-746, South Korea 

Zearalenone is an estrogenic mycotoxin 
produced by a variety of Fusarium fungi, which are 
contaminants of cereal crops worldwide. It Is 
frequently implicated in reproductive disorders of 
farm animals and occasionally In hyperestro-genlc 
syndromes in humans.The Joint FAO/WHO Expert 
Committee on Food Additives UECFA) established a 
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provisional maximum tolerable daily intake (PMTDI) 
for zearalenone of0.5 g/kg of bw/day. In this study, 
zearalenone contamination levels were analyzed in 
selected cereal crops and their products consumed in 
Korea, and dietary intake of zearalenone was 
estimated as a preliminary exposure assessment.The 
total of 70 samples ( 14 of polished rice, 14 of barley, 
14 of corn, 7 of unpolished rice, 7 of wheat flour, 7 of 
sweet corn and 7 of breakfast cereals) were collected 
according to a stratified random sampling design and 
zearalenone levels were analyzed with HPLC with 
fluorescence detection (limit of detection; 3.1 ng/g, 
limit of quantification; I 0.1 ng/g). Dietary exposure to 
zearalenone was assessed for the population groups 
of different ages and genders by use of our contamina
tion data and based on a Monte-Carlo simulation. 
Twenty-four percent of samples ( I 7 /70) were 
contaminated with zearalenone. Zearalenone was 
detected in unpolished rice, barley and dried corn, 
with the average contaminations of 23.4, 7.7 and 29.5 
ng/g, respectively. The highest contamination level was 
174.9 ng/g in dried corn.The estimated average daily 
exposures to zearalenone for male population groups 
ranged from 0.3 to 2.7 ng/kg bw/day.The estimated 
95th percentile exposure for the 3 to 6 year-old male 
group, the most vulnerable group to zearalenone 
exposure, was 7.8 ng/kg bw/day, which corresponds 
to a PMTDI of 1.56%.The estimated exposures to 
zearalenone far below the % PMTDI recommended 
by JECFA suggested that Korean populations are not 
under the risk of zearalenone exposure. 

P4-58 Fluorescence Polarization-based Homo• 
geneous Assay for Zearalenone Determi
nation in Grains 

HYANG SOOK CHUN, Hyun Joo Chang, Hyun 

Jung Kim, Hyun Ee Ok, and Sung-Wook Choi, 
Korea Food Research Institute, San 46- I, 

Backhyun-dong, Bundang-gu, Sungnam, Kyonggi 
463-746, Republic of Korea 

Zearalenone (ZEN) is a non-steroidal estrogenic 
mycotoxln commonly found in cereal grains. Rapid 
determination of ZEN is required to monitor and 
divert effectively contaminated grains from the food 
supply. In this study, a fluorescence polarization 
immunoassay (FPIA) was developed and compared 
with enzyme-linked immunosorbent assay (ELISA) and 
high-performance liquid chromatography (HPLC) for 
the determination of ZEN. FPIA, based upon the 
competition of unlabeled ZEN from a grain sample 
with a fluoresce in-labeled ZEN for a ZEN-specific 
antibody was easer to perform and quicker (< 2 min 
per sample) but less sensitive than ELISA and HPLC (a 
detection limit of 0.014 g/mL). Recoveries from spiked 
maize averaged I 06.4 ± 12.5% for FPIA, I 07.4 ± 15. 9% 
for ELISA and I 05.4 ± I 0. 7% for HPLC. Seventy sam
ples of field-contaminated grains (maize, barley, rice, 
wheat, and their products) were evaluated by FPIA, 
ELISA and HPLC methods, and the results of FPIA in 
grain samples correlated well with those of HPLC and 
ELISA (r2 = 0.8 - 0.9, P < 0.05). The reliability of FPIA, 
which was defined as the deviation from the true 
values for certified reference material, was compa
rable to those obtained with ELISA and HPLC. These 
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results suggest that FPIA has substantial potential as 
a screening tool for ZEN in grains without compli
cated clean up 

P4-59 Development of Immunoassay 
for the Detection of Zearalenone 

JUNG-HYUN JE, Tiraporn Thongrussamee,Jin
Gil Choi, Thanayut Jiratpong, and Duck-Hwa 

Chung, Division of Applied Life Science, Gradu
ate School of Gyeongsang National University, 
Division of Applied Life Science, Graduate 

School of Gyeongsang National University,Jinju, 

Gyeongnam, Korea 

Zearalenone (ZEA) is a nonsteroidal estrogenic 
mycotoxin produced by several Fusarium species. It is 
found worldwide in a number of cereal crops such as 
corn, barley, rice, wheat and oats.A direct competitive 
enzyme-linked immunosorbent assay (DC-ELISA) and 
a rapid immunochromatographic assay (ICA) based on 
the monoclonal antibody (MAb) were developed for 
determination of the ZEA. The cross reactivates to 
other mycotoxins of MAbs against ZEA were -zea
ralenol, -zearalenol, -zearalanol and -zearalanol as 
121 %, 65%, 21 % and 19%, respectively. The detection 
limit of ZEA was determined to be 0.35 ± 0.07 ng 
mL·1 and IC50 

was equal to 2.34 ± 0.28 ng mL·1 analyzing 
by the DC-ELISA.The detection limit in the ICA was 
1.00 ng mL· 1 and required assay time lower than 15 
min.The extraction method with methanol-water 
(80:20, v/v) gave higher extraction efficiency as per
centages of recoveries ranging 90.65 -116.54% for the 
ZEA determination in rice, barley and corn. Matrix 
effects can be avoided when a I :9 dilution of rice, 
barley and corn samples in phosphate-buffered saline 
is used.The detection limit of the ZEA for rice, barley 
and corn were 0.42, 0.63 and 0.54 ng mL· 1, respec
tively by DC-ELISA and 2.5 ng mL· 1 by !CA.All 80 rice 
and 50 barley samples were considered to be negative 
by using ELISA and ICA test strip. However, among 38 
corn samples, ZEA was detected in 9 and 5 samples 
by DC-ELISA and ICA, respectively.The positive 
samples of DC-ELISA and ICA were confirmed by 
HPLC, and 7 samples were detected by HPLC. The 
data of ZEA determination in corn showed very good 
agreement between DC-ELISA, ICA and HPLC. 
Development of DC-ELISA and ICA are useful for 
screening of ZEA in rice, barley and corn samples. 

P4-60 Construction and Expression of a 
Synthetic Single-chain Variable Domain 
Fragment Antibody against Mycotoxin 
Zearalenone in Pichia pastoris 

HYUN-JOO CHANG, Sung-Wook Choi, 
Nari Lee, and Hyang Sook Chun, Korea Food 
Research Institute, San 46-1, Backhyun-dong, 
Bundang-gu, Sungnarn, Kyonggi 463-746, Republic 

of Korea 

Zearalenone [6-( I 0-hydroxy-6-oxo-trans-1-unde
cenyl) -resorcycllc acid lactone, ZEN] is a mycotoxin 
produced by members of the genus Fusarium after 
infection of foods and feedstuffs.A synthetic gene 
coding for a single-chain variable domain fragment 
antibody (scFv-ZEN) reactive with ZEN has been 
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designed, constructed, and expressed in Pichia pastoris. 
The nucleotide sequence for expression In Pichia 
pastoris was optimized to explore the Influence of 
codon usage on expression as compared to the native 
scFv-ZEN open reading frame (ORF).Three successive 
rounds of PCR using 12 oligonucleotides were used to 
generate a synthetic scFv-ZEN ORF, which consists of 
variable region of the heavy chain (VH) and light chain 
(VL) with a flexible linker, optimized for codon usage, 
Expression levels were examined In small-scale shaker 
culture by use of a defined medium. Comparable levels 
of expression from the native and synthetic scFv-ZEN 
constructs were observed, Minor differences in scFv
ZEN expression were found at various culture 
temperatures and pH values used. No detectable 
protease activity was observed, and the expression 
level was stable over 96 h. Expressed scFv-ZEN was 
detected by western blot analysis and its biological 
activity was demonstrated by surface plasmon 
resonance analysis. Our results demonstrate the 
potential of soluble scFv-ZEN for developing a rapid 
and affordable immunoassay for detection of ZEN 
In foods and feedstuffs. 

Thermostable Antigenic Proteins in Fish 
KAMIL G. GAJEWSKI andY-H. Peggy Hsieh, 
Florida State University, Dept. of Nutrition, 
Food and Exercise Sciences, 420 Sandels Bldg., 
Tallahassee, FL 32306-1493, USA 

Introduction: Fish are listed as one of the "big
eight" major food allergens.The Food Allergen 
Labeling and Consumer Protection Act requires these 
allergenic foods or any protein-containing Ingredient 
derived from these foods to be declared in the 
ingredient statement. Currently no rapid immunoas
says are available to detect fish allergens in packaged 
foods to enforce the regulation. 

Purpose:The objective of this study was to 
identify thermostable antigenic proteins in commer
cially important fish for the development of a suitable 
immunoassay. 

Methods: Soluble proteins from raw, cooked 
{I00°C for 20 min} and autoclaved (133°C for 20 min} 
fish were extracted from thirty different species of 
common food fish. Western blot was performed to 
reveal the antigenic proteins in fish extracts by using 
five cross-reactive monoclonal antibodies (2GS, 3E I, 
3E4, 3ES, and SAi 0) that were previously produced 
against heated catfish crude proteins. 

Resu/ts:At least three major groups of proteins 
remained soluble after heat treatment of the fish and 
they were antigenic to these five MAbs tested.The 
first group consists of protein bands with high 
molecular weights, ranging between I 00 and 150 kD, 
probed by MAbs 3ES and SA IO in fish extracts; the 
second group are proteins with a medium size, around 
24 kD, probed by MAbs 2GS and 3E4; and the third 
group of proteins that bind to MAb 3EI are of a low 
molecular weight, between I I and 13 kD. Multiple 
minor bands that appeared in each protein group 
might be heat degraded peptides of the same antigenic 
proteins.These three proteins appeared to be 
collagen, troponin I and parvalbumin, respectively. 

Signiµcance: Identifying suitable antigens in target 
fish is a prerequisite for antibody development, Once 
antigens are identified, it will be possible to develop 

specific antibodies against the isolated antigen for 
future development of immunoassays to detect 
different fish allergens in processed food. 

P4-62 Effect of Heat Treatment on the 
Quantitation of Peanut Allergens 
by ELISA Test Kits 
TONG-JEN FU and Nicole Maks, FDA-National 
Center for Food Safety and Tech., 6502 South 
Archer Road, Summit-Argo, IL 6050 I, USA 

Commercial ELISA tests are increasingly used 
by food manufacturers to validate allergen control 
measures. Quantltatlon in these tests is generally 
achieved via measurement of the antibody-antigen 
reactions; thus any changes In the antigenic property 
of the target proteins may greatly influence assay 
results. Heat treatment often leads to changes in the 
solubility and immuno-reactivlty of proteins. This study 
examined how thermal processing affects allergen 
quantitation by ELISA kits. The performance of two 
types of ELISA tests (one that is reactive to total 
proteins and the other reactive to specific marker 
proteins) for quantltatlon of allergens in foods that 
have been subjected to either moist- or dry-heat 
treatments was examined, Defatted flour prepared 
from raw peanuts was heated In the presence of 
water at 60°C, boiled or autoclaved for IO min or 
dry-heated at 60--400°C for IO min. Commercial 
preparations of light-, medium- and dark-roasted 
peanut flour were also used.The amount of protein 
in the lab-prepared and commercial samples was 
measured, using the BCA total protein assay as well as 
two commercial ELISA kits. It was found that elevated 
heat treatment resulted in a lower level of protein 
extracted, Boiling and autoclaving caused an approx. 
50% decrease in the amount of protein extracted as 
determined by the BCA assay.The amount of residual 
proteins in the autoclaved samples, however, was not 
accurately indicated by the test kits. The Biokits® 
Peanut Assay Kit, which employs antibodies specific 
to a heat labile protein (Ara h I) underestimated the 
amount of residual protein by as much as 400 fold, 
although the extent of deviation was less with the 
Veratox® Quantitative Peanut Allergen Test. Similarly, 
both test kits greatly underestimated the amount of 
proteins in the dark-roasted peanut flour samples by 
20-2000 fold. These results suggest that commercial 
test kits may not be able to accurately determine the 
amount of proteins present in thermally processed 
foods. 

P4-63 Development of Real-time PCR Method 
to Monitor the Presence of Egg Allergens 
in Pasta Declared as Egg-free 

EVA RENCOVA and Pavel Krcmar, Veterinary 
Research Institute, Hudcova 70, Brno, 625 00, 
Czech Republic 

Introduction: Food allergies are a serious problem 
for the human population. People suffering from food 
allergies are dependent on accurate food labelling to 
prevent the allergic reaction. Even small amounts of 
food allergens can be dangerous for highly sensitized 
persons, so sensitive and reliable methods to monitor 
the correct declaration are needed. 

Journal of Food Protection Supplement A - 218 
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Purpose:The purpose of this study was to develop 
a real-time PCR method for the detection of chicken 
eggs in pasta. 

Methods:The real-time PCR method was dev
eloped, with a detection limit of 0.5% added chicken 
eggs in noodles or pasta.The primer pairs and probe 
for Real-time-PCR were designed for the region of 
chicken mitochondrial ATPase, subunits 8 and 6, and 
the size of the amplification product was I 13 bp. The 
designed primers and probe yielded only chicken 
egg-specific amplification product. 

Results:Twenty pasta and noodle samples from 
the market, declared as egg-free were tested by this 
method. In two cases, chicken eggs were detected, in 
contrary to the declared composition.This method is 
able to detect the addition of whole eggs or yolks 
only. No PCR signals associated with separated egg 
white were obtained. 

Significance:This real-time PCR method is specific 
enough to detect whole chicken eggs in noodles or 
pasta from the market. This method can help Food 
Control Authorities In allergy prevention and control. 

Screening Procedures for Clenbuterol 
Residue Determination in Raw Swine 
Livers Using Lateral-flow Assay and 
Enzyme-linked lmmunosorbent Assay 

WEIHUA LAI, DanielY. C. Fung,Yang Xu, and 
Yonghua Xiong, Kansas State University, 202 Call 
Hall, Dept. of Animal Sciences and Industry, 
Manhattan, KS 66506, USA 

Introduction: Clenbuterol, which can promote 
animal growth with increased accretion of skeletal 
muscle mass and decreased accretion of body fat, may 
cause symptoms of increased heart rate, muscular 
tremors, headache, nausea, and muscular cramps in 
patients. Due to the potential hazard for human 
health, use of clenbuterol has been prohibited in many 
countries, including EU, USA and China. It is essential 
to have an inexpensive, sensitive, convenient and 
reliable technique to screen for the presence of the 
heat stable ( I 72'C) clenbuterol. 

Purpose: The purpose of this study was to 
compare a rapid lateral-flow strip assay developed 
in our lab with a commercial ELISA kit (r-biopharm 
GmbH, Germany) for screening of clenbuterol in raw 
swine liver. 

Methods: A total of 128 swine livers acquired 
from five local markets in Nanchang, China were 
tested.A IO g portion of minced swine liver was 
extracted with ethyl acetate-isopropanol and 
perchloric acid and then cleaned up by solid phase 
extraction.The dry residues were dissolved in 2 ml 
of phosphate buffer pH 7.4 for analysis by lateral-flow 
strip and ELISA kit. 

Results: Analysis was completed in IO min with 
the lateral flow strip and in 90 min with ELISA.The 
detection limit of the strip was I ppb of clenbuterol. 
In parallel with ELISA, the rapid detection strip had no 
false negatives but had a false positive rate of 6.5%. 
Cross reactivity of the strip was assessed and found 
negative after tests with clenbuterol analogues such as 
tulobuterol, terbutaline, salbutamol, ractopamine, 
rltodrine and fenoterol. 

Significance: These data suggest that a lateral-flow 
strip can safely be used as a screening method for a 
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clenbuterol residue surveillance program and has 
great applied value in the food safety field, especially 
in developing countries. 

Characterization of a Monoclonal Anti
body Specific to Ruminant Blood 

QIN CHUN RAO and Yun-Hwa Peggy Hsieh, 

Florida State University, 423 Sandels Bldg., 

Dept. Nutrition, Food and Exercise Sciences, 

Tallahassee, FL 32306-1493, USA 

Introduction: Ruminant plasma proteins are 
widely used as protein supplements In feed and food 
products. Because the spread of bovine spongiform 
encephalopathy (BSE) has been attributed to the 
transmission of the infective agent, a prion, though 
recycled ruminant animal by-products in feed, the 
European Union has prohibited the feeding of any 
animal proteins to farm animals. Currently no rapid 
methods are available for the detection of ruminant 
blood in heat-processed food or feed products. 

Purpose:This study was done to characterize a 
monoclonal antibody (MAb), raised against bovine 
plasma proteins, for the potential development of an 
immunoassay for the detection of ruminant blood. 

Methods: MAb I H9 was developed against crude 
soluble bovine plasma proteins extracted from 
sterilized bovine blood.The specificity of MAb I H9 
was examined against raw, cooked ( I 00'C, 15 min) 
and autoclaved ( 121 'C, 15 min) blood samples from 
different species (bovine, ovlne, rabbit, horse, chicken, 
porcine and turkey) and non-blood samples (bovine 
serum albumin, non-fat dry milk, soy protein, gelatin, 
egg albumin, and meat proteins) using indirect 
enzyme-linked immunosorbent assay (ELISA). The 
antigenic protein was identified by immunoblotting the 
blood extracts with MAb I H9. The immunoreactivity 
of this antibody was also examined against various 
blood samples using a competitive ELISA. 

Results: MAb I H9 (lgG I) was specific to both 
bovine and ovine blood without cross-reaction against 
blood from non-ruminants and non-blood protein 
samples tested.The MAb recognized a 10 kD thermo
stable protein in fresh and heat-treated ruminant 
blood extracts.The reaction stability of this antibody 
was confirmed in both indirect ELISA and competitive 
ELISA, where antigens are present In either immobi
lized form or free form. 

Significance: Results suggested that MAb I H9 
can be used to develop a rapid Immunoassay for the 
detection of undeclared ruminant blood proteins in 
food and feed products, regardless of heat processing. 

Simultaneous Determination of Three 
Macrolide Antibiotics in Foodstuffs by 
High-performance Liquid Chromato
graphy 

KIM SU-OK, K. N. Bhan, S. H. Lee, S. Y.Won, 

H.J. Lee, S. W. Park, H. M. Ok, H. I. Kang, S. H. 

Kim, and D. B. Kim, Busan Regional Korea Food 

and Drug Administration, 123-7 Youngdang-dong, 

Nam-Gu, Busan, 608-829, Korea 

Introduction: Macrolide antibiotics are antibacterial 
agents widely used as veterinary drugs in food
producing animals to prevent disease and promote 
growth. However, residues of these antibiotics in 
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foodstuffs can lead to allergies or bacterial resistance. 
A simple and rapid analytical method to determine 
macrolide antibiotic residues In food Is needed. 

Purpose:The purpose of this study was to develop 
an analytical method to simultaneously detect three 
macrolides (splramycln, tylosin and tilmicosln) by 
modifying pre-treatment and determination condi
tions, using high-performance liquid chromatography. 

Methods:The residuary macrolide antibiotics 
in farm and marine products were extracted by 
acetonltrile and were analyzed by HPLC with photo 
diode array.The percentage recoveries of the modified 
method were evaluated by comparing spiked samples 
with standard solutions. 

Results:When liquid extraction was applied to 
sample preparation, recovery percentage was higher 
than with solid phase extraction (splramycln 83.5%, 
tilmicosin 89.0% and tylosin 84.4%).Acceptable 
resolution was achieved by using HPLC conditions 
as follows; flow rate -1 ml/min, detection wavelength 
-232 nm (spiramycln) and 288 nm (tllmlcosln, tylosln), 
mobile phase : solution A-0.025M phosphate buffer 
(pH 2.5), solution B-0.025M phosphate buffer (pH 
2.5)/aceotnitrile (6/4), and gradient condition: 0(sol B 
40%) -20 min (sol B I 00%) -25 min (sol B I 00%) -40 
min (sol B 40%).The limits of detection (LOD) for 
fortilmlcosin, tylosin, and spiramycin were 12.74, 
12.78, and 7.34 ppb, respectively. 

Significance: The analytical method modified In 
this study could produce accurate data for determin
ing residue concentration of macrolides. In addition, it 
could be applied in farm and marine products at once. 

P4-67 Comparison of Visual Inspection, an 
Allergen-specific Method (ELISA) and 
a Nonspecific Methods (Sensitive ATP 
and Total Protein) to Detect the Presence 
of Allergenic Food Residues on Food
contact Surfaces 
FADWA M.AL-TAHER and Lauren Jackson, 
Illinois lnsltute ofTech., National Center for 
Food Safety and Tech., 6502 S.Archer Road, 
Summit-Argo, IL 6050 I, USA 

Introduction: Recent FDA and IFT surveys found 
that the most common method used by food 
manufacturers to check the effectiveness of their 
equipment cleaning program is visual inspection, 
followed by ELISA and blolumlnescence/ATP, and 
other tests. 

Purpose:The purpose of this study was to 
compare visual inspection, ELISA, and ATP sensitive 
swabs, and total protein swabs for detecting the 
presence of allergenic food residues on food-contact 
surfaces. 

Methods: One ml of milk, egg and peanut sol
utions (0-1000 µg/ml) were pipetted onto the sur
face of stainless steel, urethane and Teflon plates.The 
plates were dried in an oven (80°C) to obtain 0-1000 
µg of the food residues. The plates were visually 
examined and then simultaneously swabbed for ELISA, 
sensitive ATP, and total protein testing. 

Results: In general, the detection limits (DL) for 
visual Inspection were consistent with those deter
mined by ELISA.The DL (visual, ELISA and ATP) for 

egg was 500 µg on all food contact surfaces, but lower 
with the total protein swabs. The ELISA and visual 
detection limit for peanut was 500 µg on all food 
surfaces, but 50-100 µg when tested with the ATP and 
total protein swabs. ELISA and visual tests detected 
milk at I 00 µg on all food surfaces, but I 0-50 µg 
when tested by sensitive ATP swab and total protein 
swabs. In some cases, total protein swabs detected 
food residues at or below levels detected by sensitive 
ATP swabs. 

Slgnificance:Thls study shows that limitations for 
these methods exist and care must be taken when 
choosing a method for detecting the presence of food 
residues on food-contact surfaces. 

P4-68 A High-sensitivity Immunoassay for the 
Detection of Ruminant Muscle Protein 
in Meat and Bone Meal and Feeds 

BRUCE W. RITTER, Eun S. Park, and Laura K. 
Allred, ELISA Technologies, Inc., 4581-L NW 
6th St., Gainesville, FL 32609, USA 

Introduction: Determination of the presence of 
ruminant content in feeds is essential to limit the 
spread of BSE. Regulations in both Europe and the 
United States require that there be no ruminant 
proteins in ruminant animal feeds (with exceptions for 
blood, milk and gelatin). To enforce this ban, the FDA 
has suggested the use of quick test kits or microscopy 
at all facilities that manufacture ruminant feed. 

Purpose: The purpose of this assay is to provide 
quick, reliable screening of ruminant feeds for the 
presence of ruminant proteins prior to sale or export. 

Methods: While microscopy has been the stand
ard method for the detection of ruminant content in 
feeds, it is costly, time-consuming, and non-species 
specific, as well as requiring extensive analyst training. 
Similar issues make NIRM, NIRS and PCR undesirable 
as screening assays. The MELISA-Tek Ruminant Assay 
is an ELISA method that detects troponin-1, a heat
stable, muscle-specific protein. Thus it detects the 
major banned ruminant protein (muscle) after high
temperature processing, without detecting exempted 
materials. A concentration protocol has been dev
eloped that makes the MELISA-Tel< Ruminant assay a 
sensitive screening tool. 

Results: Slaughtering processes typically remove 
the majority of muscle tissue from carcasses, leaving 
little muscle tissue when rendered. Nonetheless, as 
originally developed, the MELISA-Tel< Ruminant assay 
had a limit of detection (LOD) of 0.005% for ruminant 
muscle tissue and 0.5-1 % for ruminant meat and bone 
meal (MBM), In feed. The high-sensitivity protocol 
improves the LOD to 0.1 % (w/w) for commercial 
beef and sheep MBM In feeds without Increasing its 
response to feed matrices or non-ruminant tissues. 

Signjffcance: This protocol should increase the 
utility of ELISA assays in screening ruminant feeds for 
sale or export, and help guarantee the safety of the 
ruminant feed supply. 

P4-69 Withdrawn 
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Rapid Detection of Potential Food Aller
gen Residues on Processing Equipment -
a Tool for Confirming Effective Cleaning 

IAN GARTHWAITE, Rani Chowdhury,Victoria 

Stitt,Josle Quindere and Victoria Hutchison, 

TECRA International Pty. Ltd., 13 Rodborough 

Road, Frenchs Forest, NSW 2100,Australia 

Introduction: Food allergens are increasingly being 

recognized as a serious health Issue, with an estimated 
5-8% of North American children allergic to one or 

more foods. Food manufacturers often produce 
allergen-containing foods and allergen-free foods on 

the same manufacturing equipment. As such, it is very 

Important that manufacturers ensure that cleaning 
procedures have been effective in removing any 

residual protein. 
Purpose: The purpose of this study was to 

evaluate the effectiveness of a rapid swab test for the 

detection of residual protein when challenged with 
food allergen in solution or dried onto surfaces. 

Methods: Samples of allergenic food (egg, milk, 
peanut, cereal gluten, soy, tree nut and buckwheat) 
were used to determine the limit of sensitivity of the 

Aller-tect swab for each food Ingredient. At each level 
tested, I 00 µI solution of sample was applied directly 

to the swab, and the test was performed as per inst

ructions. The recovery from various surfaces (stainless 
steel, plastic and glass) was determined as follows: 
40 and I 00 µg of egg, milk and peanut standards were 

each delivered to 5 x 5 cm surfaces, spread and dried. 

The swab was then used to assess protein recovery 
from the surface. 

Results: The swab test provided clear visual 
results within 15 - 25 min. All food allergens tested 

were detected at less than 40 µg protein in the 
reference materials (egg and milk~ I 0-20 µg; soy, 
almond and buckwheat ~ 20-40 µg; gluten < 40 µg; 
peanut~ 25-50 µg). All the I 00 µg samples were 
recovered from all surfaces, while the 40 µg egg and 

milk samples were recovered from glass and plastic 

surfaces. 
Significance: Results showed that this swab test is 

simple to use, can detect very low levels of protein, 

and is suitable for assessing the presence of potential 

food allergens on a range of surfaces In food produc

tion environments. 

Recovery of Staphylococcal Enterotoxin 
in Multiple Phase Foods 

REGINALDW. BENNETT, FDA, 5100 Paint 

Branch Pkwy., College Park, MD 20740-3835, 

USA 
In multiple phase foods, the water soluble protein 

staphylococcal enterotoxin becomes trapped In the 
water molecules contained in the lipid fraction of such 

foods. This phenomenon has an influence on maxi
mizing the recovery of enterotoxin from multiphase 

foods. Also, the amount of lipid in foods will deter
mine the difficulty of removing the enterotoxin. As a 

consequence, partitioning studies were conducted, 
using a toxin insoluble organic solvent (CHCl3) to 
relieve the constraints produced by the lipid fraction 
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In the removal of toxins from this class of food 
product. Enterotoxin serotypes A, B and D were 

added at toxin concentrations of 2 ng/ml to five 
brands each of whole milk, I% low fat milk, half and 
half, eggs and two kinds of salad dressings (Italian and 
ranch). Prepartition and postpartition extracts from 
the foods were assayed for toxin recovery, using an 
ELISA-based serological method in a double antibody 
sandwich configuration. While most of the toxin was, 
generally, recovered by traditional extraction proce
dures involving homogenization of the sample after 
addition of a buffer (post partition) and high speed 
centrifugation to yield an extract, the multiphase 
foods Investigated retained some of the enterotoxin in 
the lipid fraction of the food products. Re-extraction 
of the lipid fractions with the organic solvent was 
required to remove residual toxin trapped In the 
water molecules of the lipid portions of the products. 
These studies showed that the enterotoxins (A [0.2-
19.8%], B [0.11-22%], and D [0.1-4.2%]) retained in 
the lipid fractions were released after solvent 
extractions.The difficulty In the removal of entero
toxin (the number of lipid extractions) from these 
lipid fractions was influenced by the complexity and 
amount of lipid in the food products. Although 
traditional extractions should suffice in low fat 
containing foods, partitioning would be advised for 
high fat containing foods or where there exist very 
small traces of enterotoxln in multiphase foods. 

Ethylene Production by Penlclllium 
expansum and Its Endogenous and Exog• 
enous Effects on Patulin Production in 
Inoculated Solid Media 

KERRI L. HARRIS, L. V. Roze, R. Beaudry, 

J.E. Linz, and L. D. Bourquin, Michigan State 

University, 139 G. M.Trout, East Lansing, Ml 

48910, USA 

Introduction: Patulin Is produced by mold species 
such as Penic/1/ium expansum and is the most abundant 
mycotoxin in apples and apple juice. Production of 
patulin in infected apples can be reduced by modified 
atmosphere fruit storage conditions. 

Purpose:The purposes of this research were 
to determine the production of ethylene and patulin 
by P. expansum in apples and solid media and the 
influence of exogenous ethylene and 1-MCP on 
patulin production by P. expansum when cultured 
on these media. 

Methods: Spores of P. expansum ATCC 28883 
and/or ATCC I I 17 were cultured in tubes containing 
PDA or PDB. Timing of patulin and ethylene produc
tion by P. expansum was Inversely related for both 
strains. Other experiments were conducted on plates 
containing PDA or PDB and Red Delicious apples 
treated with P. expansum ATCC 28883 in a flow
through system with combinations of ethylene and 
1-MCP using a factorial design. Samples from each 
container were obtained every two days after 
treatment. Patulin in apple juice was quantified using 
solid phase extraction followed by high performance 
liquid chromatography. 

Results: Patulin production in-petri plates con
taining PDA inoculated with P. expansum ATCC 28883 
were significantly increased by the presence of exo-
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genous ethylene ( = 0.0206). There was no overall 
1-MCP effect ( = 0.72) on patulin production. Con
centrations of patulin In apple juice of P. expansum 
Inoculated apples Increased exponentially from 
undetectable(< 4 µg/L) concentrations at day Oto 
3.16 ± 0.10 g/L after 16 days of storage, respectively 
(P s 0.0182). Averaged across all time points, 
exposure of apples to I 00 µUL ethylene tended 
(P s 0.065) to Increase the production of patulin in 
P. expansum inoculated apples. 

Significance: These results confirm that 
P. expansum produces ethylene and suggests an 
inverse relationship between ethylene and patulin 
production. We conclude that, contrary to our 
original hypothesis, exogenous ethylene treatment 
does not Inhibit (and may actually promote) patulin 
synthesis by P. expansum. 

P4-73 Reduction of the Allergenicity of Hypo
allergenic Formula by Gamma Irradiation 

JU WOON LEE,J. H. Seo,J. H. Kim, H.J. Kim, 
S. Y. Lee, and M.W. Byun,Advanced Radiation 
Tech. Institute, Radiation Application Research 
Division, Korea Atomic Energy Research 
Institute, Jeongeup, 580-185, Republic of Korea 

Introduction: Cow's milk allergy is the most 
common food allergy during infancy and early child
hood. However, hypoallergenic formula for infants 
can induce allergic disease. 

Purpose:This study was conducted to reduce 
allergenicity of hypoallergenic formula by using gamma 
irradiation. 

Methods:After extraction of soluble protein from 
hypoallergenic formula (HAF) and gamma-irradiated 
hypoallergenic formula (GIHAF), SOS-PAGE, immuno
blotting for milk allergic human lgE and ELSIA with 
human lgE for Blactoglobulin (BLG) were analyzed. 

Results:The results of SOS-PAGE and immuno
blotting with human lgE did not show any band in 
HAF and GIHAF. In the results of ELISA, allergenicity 
of HAF was detected with human lgE for BLG; 
however, that of GIHAF was not detected. 

Significance: Gamma irradiation could be of use 
for the reduction of allergenicity of hypo-allergenic 
formula. Further studies are mandatory to develop 
hypoallergenic dairy products. 

P4-74 Thermal Stability of Ricin in Apple Juice 

LAUREN S. JACKSON, P. Truong, and W. H. 
Tolleson, FDA-NCFST, 6502 S. Archer Road, 
Summit-Argo, IL 6050 I, USA 

Introduction: Rlcin is a potent protein toxin found 
In the seeds of the castor bean plant, Ricinus communis. 
Ricin specifically and Irreversibly inactivates ribo
somes, promoting cell death by inhibiting protein 
synthesis. Although several reports indicate that ricin 
can be heat detoxified, the conditions required for 
inactivation are not well characterized. 

Purpose:The objective of this work was to 
determine the effects of heat treatments on the 
detection and toxicity of ricln added to apple juice. 

Methods: Two different brands of single-strength 
apple juice containing I 00 µg ricin/mL were heated at 
60-90'C for up to 2 h.The heat-treated juices were 
analyzed by ELISA to determine levels of detectable 
rlcln.The residual cytotoxlcity of rlcin-contalning juice 
after heat treatments was determined in an anchor
age-dependent transformed macrophage cell line 
(RAW264.7 macrophage cells). 

Results: The ELISA and the cytotoxicity assay 
indicated that ricln detection and toxicity decreased 
with increasing heating times and temperatures. The 
half-lives of ricln, determined by ELISA, in one brand 
of apple juice at 60, 70, 75, 80, 85 and 90'C were >200 
min, 26 min, 4.2 min, 3.3 min, 1.5 min, and 0.96 min, 
respectively. Similar half-lives were obtained by ELISA 
detection of rlcin in the second apple juice brand. The 
half-lives for rlcln cytotoxicity in both juices were 
similar to those found for ELISA detection. 

Significance: The results indicate that ricin Is a 
relatively heat stable protein in apple juice and may 
remain toxic under some thermal processing 
conditions. 

P4-75 Reduction of Aflatoxin in Rice and Corn 
by Different Cooking Methods 

JONG-GYU KIM, Keimyung University, Dept. of 
Public Health, I 000 Sindang-Dong, Dalseo-Gu, 
Daegu, 704-70 I, Korea 

Introduction: Aflatoxin Is a secondary fungal meta
bolite and Is a health hazard because it is a human 
carcinogen and has many deleterious effects in 
humans and animals. Corn and rice are substrates 
for the fungus which can produce aflatoxin, 

Purpose:The purpose of this study was to investi
gate aflatoxln reduction resulting from the cooking of 
rice and corn, and to compare the reduction rate 
under different cooking conditions. 

Methods: Aflatoxin was produced by Aspergillus 
parasiticus ATCC 15517 on a type of brown rice and 
a corn. Several kinds of cooking methods (washing, 
steaming, baking, popping boiling and/or fermentation) 
were used to reduce aflatoxin in the rice and corn. 
The aflatoxin content in the samples was determined 
by high performance liquid chromatography with a 
fluorescence detector. 

Results:The total aflatoxin levels of the rice and 
corn (27.46 ppm and 43.80 ppm, respectively) were 
decreased, with no significant difference cause by 
washing with water. After cooking the rice and corn 
and averaging the total aflatoxin levels in the final 
products (cooked rice or corn bread, rice/corn cake, 
popped rice or popcorn, rice/corn gruel, and fer
mented rice beverage), the greatest reduction was 
found In the rice gruel (96.3%) and in the corn gruel 
(95.0%).Their total aflatoxin levels were decreased to 
1.02 ± 0.54 ppm and 2.19 ± 0.99 ppm, respectively 
(P < 0.05). 

Significance: The results of this study indicate that 
bolling, fermentation, popping, steaming, and baking 
were helpful in reducing the aflatoxin levels In the rice 
and corn. This study suggests that the most effective 
treatments for the rice and corn might be boiling and 
exposure to heat. 

Journal of Food Protection Supplement A - 222 
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Extraction of Bacillus anthracls Spores 
from Milk 

ORIANA N. RAABE, Theodore P. Labuza, 

and Francisco Diez-Gonzalez, University of 

Minnesota, 1334 Eckles Ave., FSCN Room 225, 

St. Paul, MN 55108, USA 

The lack of effective pre-analytical methods for 
quick recovery of select agents in foods is a major 
weakness of our national food security system. Milk 
and other liquid foods that have short turnover times 
and large distribution areas are potential targets for 
bio-terrorist attack with a number of select agents, 
including Bacillus anthracis. The purpose of this study 
was to Investigate methods of extracting and 
concentrating Baell/us anthracis from milk on the basis 
of hydrophobicity and density differences. Raw milk 
inoculated with specific levels of B. anthracis spores 
was subjected to heat, centrifuge treatments, and 
hexadecane to determine concentration efficiency. 
Inoculated milk was also centrifuged with a silicone 
oil layer with greater density than milk. Following 
centrifugation, spores were recovered from the pellet 
with peptone water and plated on tryptic soy agar to 
determine the rates of recovery. Spores of all three 
strains were effectively concentrated and extracted 
into a pellet (> 90% recovery of original inoculum) 
from inoculated raw milk that was first heated in an 
85'C water bath for 60 sand then centrifuged with 
silicone oil. Optimal centrifugation speed and time 
were determined to be 4709 x g for 2 min.Very few 
spores were recoverable from milk that had not being 
heated prior to centrifugation, and milk heated for 
less then 60 s in an 85'C water bath resulted in lower 
recovery into the pellet. Mixing with hexadecane 
caused a migration of less than 5% from the milk 
phase. More than 70% of the spores were recovered 
from the cream.This data suggest that it is possible to 
rapidly and effectively concentrate and extract spores 
from milk. Detecting B. anthracis contamination before 
the milk enters the distribution chain would prevent 
consumption and illness. 

Addressing Biosecurity Issues of the Dairy 
Industry: The Survival of Raccoonpox 
Virus in Milk 

JENNIFER L. CASCARINO and Kall E. Kniel, 

University of Delaware, 044 Townsend Hall, 

Dept. of Animal and Food Sciences, Newark, DE 

19716, us 
Introduction: America's food supply is at risk of 

being contaminated by terrorists using pathogens as 
their agents of biowarfare.The dairy industry is 
vulnerable to attack because of rapid, widespread 
distribution of products and easy access to farms, 
bulk tanks, tanker trucks, and raw milk silos. 

Purpose: The objective of this study Is to deter
mine the survival of raccoonpox virus (RCN) over a 
six month period, and to determine RCN survival 
after pasteurization and high hydrostatic pressure 
processing. RCN was chosen as a laboratory surro
gate to smallpox virus, which is a possible bioterrorist 
agent. 

Methods: Raw milk, skim milk, whole milk, and 
sterile water samples were inoculated with RCN 
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( I 0·1 dilution) and stored at 4'C In the dark for 
6 months. Samples were tested weekly for virus 
survival usingTCID50 with Vero cell culture and titers 
were calculated. PCR was performed on DNA 
extracted from milk and cell culture samples. Raw 
milk samples inoculated with RCN were treated 
using HTST parameters and high hydrostatic pressure 
(HHP) to determine RCN survival after these 
processing treatments. 

Results: RCN titer decreased by~ I-log from 
week I to week 24 In skim milk and water samples. 
In whole milk the titer decreased by~ 1.8-log over six 
months.After one week no cytopathic effect was seen 
in cell culture from the raw milk samples. PCR results 
corroborated with the cell culture data. HTST and 
HHP (;2: 500 MPa) may be effective alternatives to 
traditional pasteurization for RCN Inactivation. 

Signiffcance: RCN is a model organism to simulate 
small pox contamination of food and survives over a 
six month period in skim milk and whole milk. RCN 
did not survive past the one week period in raw milk, 
and it is important to note that RCN survival is far 
greater than the shelf life of processed milk. 

Molecular Approaches for the Identi
fication of a Toxin in Foods 

XIAOHUA HE, John Mark Carter, David L. 
Brandon, Luisa W. Cheng, and Thomas A. 
Mcl<eon, USDA-ARS-WRRC, 800 Buchanan St., 

Albany, CA 94710, USA 

Due to the potential for intentional contamina
tion of food with crude preparations containing ricin, 
a real-time PCR method was developed for detection 
of castor plant material In ground beef, milk and liquid 
eggs. One primer pair was identified and confirmed to 
be castor-specific and efficient for amplification of the 
ricin gene in DNA extracts from castor, beef, milk and 
egg matrices. Of three different DNA extraction 
protocols compared, the hexadecyl-trimethylammon
ium bromide (CTAB) method yielded the highest 
quality of DNA for a real-time PCR assay. The 
detection limits for castor contamination were 
< 0.000 I% in ground beef, < 0.0000 I% In milk and 
liquid egg (corresponding to 0.05 g of rlcin/g of beef 
and 5 ng of ricin/ml of milk or egg).These levels are 
well below the theshold for human oral toxicity. This 
real-time PCR method could be used as a fast and 
accurate alternate detection method for intentional 
castor contamination of food matrices. 

PS-04 Effect of the Combination of pH,Water 
Activity and Temperature on the Growth 
of Bacillus anthracls 

YUN-YUN D. HAO and Richard C.Whiting, 

FDA-CFSAN, 5100 Paint Branch Pkwy, HFS-517, 

College Park, MD 20740, USA 

There Is little information about the behavior of 
B. anthracis in foods. In this study we examined the 
combined effects of pH, water activity and tempera
ture commonly associated with foods on the growth 
of B. anthracis. Brain heart infusion broths of 15 
combinations of pH (4.5~8.0) and water activity 
(0.900~0.995; adjusted with glycerol) were used in 
the study.There were five tubes (5 ml/tube) for each 
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combination and each temperature. All tubes were 
Inoculated with stationary phase of B. anthracis, Sterne 
strain, (final population: ca 3 log CFU/ml) and then 
incubated at I 0, 20, 30, 37 or 42'C.Turbldity was used 
as an Indicator of growth (OD600 was measured 
when applicable). After 4 weeks, there was no visible 
growth in any ajpH combinations Incubated at I 0'C. 
Broths with a s; 0.92 did not support the growth of 
B. anthracis at 7iny of the temperatures tested. Broths 
of the following combinations (ajpH) showed positive 
growth of B. anthrac/s during the 4-wk incubation: 
0.995/8.0, 0.995/6.1, 0.96/7.1, 0.96/5.2, and 0.94/8.1 at 
20'C; 0.995/8.0, 0.995/6.1, 0.96/7.1, 0.94/8.1, and 0.94/ 
6.1 at 30 and 37'C; and 0.995/8.0, 0.995/6.1, and 0.96/ 
7.1 at 42'C, In addition, B. anthrac/s grew in broth with 
a 0.96 and pH 5.3 at 30'C. Our results showed that 
l;wer temperature ( I 0'C) or lower aw (s: 92) pre
vented the growth of B. anthrac/s (Sterne). Although 
B. anthrac/s Is usually cultured at 35~37'C, our results 
indicated it also grew well at 30°C. In fact, it may grow 
in a broader range of aw and pH at 30'C than at 37°C. 
Knowledge of the factors affecting the growth of 
B. anthracis will provide valuable information to eva
luate the potential hazard if a food were contaminated 
with this pathogen. 

Inactivation of Bacillus anthracis Spores by 
a Combination of Biocides and Heat in 
Milk at Pasteurization Temperatures 
SA XU, Theodore P. Labuza, and Francisco Diez
Gonzalez, University of Minnesota, 1334 Eckles 
Ave. FSCN Room 225, St. Paul, MN 55108, USA 

The milk supply is considered a primary route 
for a bioterrorlsm attack with Bacillus anthracis spores 
because typical pasteurization temperatures are not 
capable of inactivating spores. If so contaminated, an 
effective way to inactivate the spores in the milk is 
needed.This study was undertaken to determine 
the effectiveness of a combined disinfectant/thermal 
treatment to achieve this end. Hydrogen peroxide 
(H O ), sodium hypochlorite (NaOCI) and peroxyace
tic 

2
acid were evaluated for their efficacy in inactivating 

strains ANR-1, 7702 and 9131 at 72 to 85'C by use of 
a sealed capillary tube technique. Strains ANR-1 and 
9131 were more resistant to the combined treatment 
than strain 7702. At 72'C, reductions of more than 
6 log CFU/ml of viable spores of strain ANR-1 were 
achieved by addition of NaOCI at 1.5% (pH 11) in 
milk within 1.4 min. Similar spore inactivation was 
achieved at 72'C with 1.5% NaOCI after only 0.7 min 
if the pH of the biocide was neutral.Treatment of milk 
with a mixture of 1.5% NaOCI (pH I I) and 0.5% 
H O caused inactivation similar to that with 1.5% 
N~OCI (pH 7).At 80'C with 1.5% NaOCI (pH 11) 
and 0.5% Hp

2
, the time to reduce 6 log CFU/ml 

spores was less than 15 s for all strains.Treatment 
with a mixture of 1.5% NaOCI (pH I I) and only 
0.05% peroxyacetlc acid caused 6 log CFU/ml 
reductions of spores in less than 13 s These results 
indicate that sodium hypochlorlte in combination 
with hydrogen peroxide or peroxyacetic acid could 
consistently result in 6-log reductions of B. anthracis 
spores in less than 30 sat temperatures below 85'C. 
This information will be useful for developing more 
effective thermal treatment strategies, which could be 
used in HTST milk plants to process contaminated 
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milk for disposal and decontamination purposes as 
well as for a potential protective measure. 

Species-specific Identification of Campylo
bacters by Use of PCR-RFLP and PCR 
Targeting the Gyrase B Gene 

SUSUMU KAWASAKI, P. M. Fratamico, I. V. 
Wesley, and S. Kawamoto, National Food 
Research Institute, Kannondai 2-2-12,Tsukuba, 

lbaraki 305-8642,Japan 

Introduction: Campylobacter spp. are the most 
common cause of bacterial gastrointestinal infection 
In the US and Japan. Species-specific identification of 
campylobacters is problematic, due to the absence 
of suitable biochemical assays and the existence of 
atypical strains. Methods to discriminate and detect 
Campylobacter species are needed to determine their 
prevalence in food and the environment and their 
Importance in causing human illness. 

Purpose:The purpose of this study was to identify 
sequence polymorphisms In the Campylobacter gyrB 
gene and develop species-specific PCR assays and 
PCR-RFLP for differentiation of Campylobacter species. 

Methods: Partial DNA sequences of the gyrB gene 
of 19 strains of Campylobacter representing 12 
Campylobaeter species were determined.A universal 
primer set, designed to amplify a 900-bp fragment 
of the gyrB gene of each Campylobacter spp., was 
developed and used for PCR-RFLP analysis. Species
specific primer sets targeting the 12 Campylobacter 
species were designed for direct identification of the 
different species by PCR. 

Results: The topology of the resulting phylogenlc 
neighbor-joining tree based on the gyrB gene was 
similar to a previously reported phylogenlc tree based 
on the I 6S rDNA gene. However, gyrB provides a 
better resolution for Campylobacter species than the 
I 6S rDNA gene.A universal primer set, designed 
to amplify a 900-bp fragment of the gyrB gene In 
Campylobacter spp., was developed and used for PCR
RFLP analysis to differentiate 12 Campylobacter species. 
Digestion of the 900-bp fragment with restriction 
enzymes resulted in unique digestion patterns for all 
12 Campylobacter species. Moreover, species-specific 
primer sets targeting the 12 Campylobacter species, 
yielding PCR products ranging in size from 86 to 482 
bp, were specific and useful for identification of each 
Campylobacter species by the PCR. 

S/gniffcance: PCR-RFLP analysis and PCR using 
species-specific primer sets based on the gyrB gene 
provide valuable tools for rapid detection and 
unambiguous identification of the majority of 
Campylobacter species. 

DNA Microrarrays for Genotyping and 
Population Studies of Campylobacter Jejuni 

LAUREN PITTENGER-ALLEY, Mark D. Englen, 

Jonathan G. Frye,Victorla McNerney,Jaxk 
Reeves, Katie R. Gay, Paula J. Fedorka-Cray, and 
Mark H. Harrison, USDA-ARS, 950 College 
Station Road,Athens, GA 30605, USA 

Introduction: Campylobacter jejuni is a major cause 
worldwide of foodborne bacterial gastroenteritis. The 
continued development of more effective and infor-

Journal of Food Protection Supplement A - 224 
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mative-typing methods Is necessary to improve our 
understanding of the epidemiology and population 
dynamics of this important pathogen. Comparative 
genome indexing (CGI) using whole genome DNA 

mlcroarrays Is a method useful not only for molecular 
typing, but also to provide considerable strain-specific 
genetic information unavailable with current typing 
methods. 

Purpose:The purpose of this study was to identify 
genes with a high degree of strain diversity to indicate 

host source and US region for use in the development 
of a novel microarray-based typing method for 
G.jejuni. 

Methods: One hundred thirty-three geographically 
diverse C.jejuni isolated from humans, cattle and 
chickens were typed by CGI. Statistical methods 
appropriate for data normalization, establishing the 
presence and absence of genes and highly variable 
genetic loci, were determined.These methods were 
used to identify C. jejuni genes characteristic of 
geographic region and host source, 

Results:A statistical analysis of the CGI data 
revealed over I 00 genes out of the 1927 genes 
present on the mlcroarray that varied significantly 
between the test strains and the type strains 
(NCTC I I 168 and RM 1221 ). These genes differenti
ated isolates by source and the US region from which 
they were Isolated. Of these I 00 significantly variable 

genes, approximately one third can be used to 
determine the geographic region and the remainder 
can be used to identify the host source. 

Signif,cance: CGI provides a unique tool for geno
typic and population studies of C.jejuni.The identifica
tion of genomic regions with high diversity including 
source and region specific marker genes forms the 
basis for development of a novel, more efficient typing 
method for C.jejuni. 

Genotypic Characterization of Verotoxin
producing Escherichia coli Isolated from 
Ground Beef Samples 
MAJORIE FULLERTON and Leonard L.Williams, 

AlabamaA&M University,4900 Meridian St., 

Normal,AL 35762, USA 
Enterohemorrhagic Escherichia coli (EHEC) have 

emerged as a leading cause of foodborne disease 
outbreaks in the United States. It is one of the most 
important foodborne human pathogen of animal 
origin, with cattle generally considered to be the 
major reservoir.The objectives of this study were to 
determine the biochemical profile and the presence 
of the verotoxin (VT) genes of EHEC isolates from 
ground beef samples. Fifty ground beef samples were 
analyzed from area (Huntsville,Alabama) grocery 
stores for EHEC strains, using modified tryptic soy 
broth with novobiocln as pre-enrichment broth and 
ceflxime-tellurlte sorbitol MacConkey agar (CT
SMAC) as a selective media.The Isolates were char
acterized for their glucoronidase activity, utilization of 
sugars usingAPI 20 E strips, reaction to O 157 and H7 
antisera, and the presence of verotoxin (VT I and VT 
2) and E.coli effacement attachment (Eae) genes by 
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multiplex PCR assay. Fourteen beef samples (28.0%) 
were positive for E. coli.A total of 150 isolates were 
obtained, of which 42 (28.0%) were O I 57:H7, 14 
(9.3%) 0157: non H7 and 94 (62.7%) non O I 57:H7. 
Of the 42 0 I 57:H7 positive isolates, IO (23.8%) 
Isolates gave positive PCR for Verotoxin (VT) and 
E.coli effacement and attachment (Eae) genes. These 
results indicate that the epidemiology ofVTEC strains 
isolated from ground beef Is of major concern and 
that the use of a multiplex PCR assay applied in com
bination with serological and enrichment steps is an 
effective method for isolating verotoxin-produclng 
E. coli from ground beef. 

Gene Expression Analysis of Escherichia 
coli O157:H7 at 10 and 37°C by Use of 
High Density Oligonucleotide Microarrays 

KRISTINA K. CARTER, Julia S. Gouffon, Doris 

H. D'Souza, and David A. Golden,The University 

ofTennessee, Dept. of Food Science and Tech., 

Knoxville, TN 37996-4591, USA 

Introduction: E.coli O I 57:H7 can survive under 
refrigeration, resulting in enhanced resistance to acidic 
conditions; research is being pursued to understand 
its survival mechanisms in foods. Cold shock proteins 
are induced In E.coli O I 57:H7 when the temperature 
shifts from 37 to :,;; 20°C, leading to membrane and 
fatty acid changes and suppression of protein and 
nucleic acid synthesis. Microarrays can be used to 
elucidate mechanisms of bacterial survival by deter
mining gene expression. 

Purpose: Gene expression analysis of E.coli O 157: 
H7 EDL933 cultured at IO and 37°C was assessed 
by use of high density oligonucleotide microarrays. 

Methods: Cells were grown to 7 log CFU/ml in 
Luria-Bertani broth (3 reps) at I 0"C (refrigeration) 
and 37°C (control), followed by an optimized total 
RNA extraction and hybridization onto Affymetrix 
GeneChip® E. coli Genome 2.0 Array, and then con
firmation by real-time reverse-transcriptase PCR 
(rt-RT-PCR). 

Results: Microarray results (complete randomized 
block design; P < 0.00 I) showed 293 down-regulated 
and 375 up-regulated genes. Cold shock genes, cspE, 
cspA, cspG, and cspH were down-regulated; recA and 
SOS DNA repair genes, uvrB, yebG, ruvA and B, lexA, 
and din/ were up-regulated. Expression of fhuA (an 
outer membrane protein) and napG (ferredoxin-type 
protein Involved in electron transport) genes was 
I 15- and 70-fold greater under refrigeration; their 
expression, along with hemX (methylase-type gene; an 
internal control), was confirmed by rt-RT-PCR. HemX 
was detectable up to a 4-log dilution in both control 
and refrigeration samples; fhuA and napG were 
detected up to a 7-log dilution in the refrigerated 
samples and not detected In the control. 

Signif,cance: Results from this study indicate that 
SOS DNA repair, outer membrane, and electron 
transport genes were utilized for survival under 
refrigeration conditions.These data should aid in the 
design of Inactivation methods for E.coli O I 57:H7 In 
foods. 
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PS- IO Cloning of Genes Encoding an Antibact
erial Peptide Salmine and Construction 
of Its Expression Vector in Escherichia coli 
B121 
CHUNXIAO WANG, Jlanzhang Lu, Chengchu 
Liu, and Jingjing Liu, College of Food Science, 
Shanghai Fisheries University, 334 Jungong Road, 
Shanghai, 200090, China 

Introduction: Protamine is a group of simple and 
highly cationic peptides found in fish sperm. Many 
protamines, including salmine, have been reported to 
exhibit broad spectrum of antimicrobial activities and 
have great potential for application as natural and safe 
food preservatives for preserving food quality and 
enhancing food safety. 

Purpose: The purposes of this study were to clone 
and express the genes encoding salmine in Escherichia 
coli BL2 I and improve the expression conditions of 
genetically engineered bacteria strain (E. coli BL2 I -
pED-SAL). 

Methods:Three primers were designed for 
cloning genes encoding salmine, using the preferred 
codons of E.coli. The cloned gene fragments obtained 
from primer complementary PCR were cloned into 
the pED plasmid a reconstructed by inserting a 
modified gene fragment encoding the C-terminal 
peptide fragment of L-asparaginase (L-ansB-C) into 
the BamHI and Hindlll sites of pET28a vector.The 
recombinant expression vector was expressed in 
E. coli BL2 I. The expression of the recombinant DNA 
was analyzed by SDS-PAGE and quantified by 
Hybridizer System with Acquisition and Analysis 
Software. 

Results: DNA analysis showed that the sequence 
of the cloned gene contained in the recombinant 
expression vector was identical to the primers 
designed for cloning genes encoding salmlne. SDS
PAGE analysis showed that the expression of the 
recombinant DNA in E. coli resulted in an expected 
fusion protein product of 20 KDa.The yield of fusion 
protein was significantly affected by culture media, 
time and temperature of fermentation, and inducing 
time. The highest expression level of fusion protein 
(40.1 %) could be achieved when genetically engi
neered bacteria strain (E.coli BL2 I -pED-SAL) was 
fermented In tryptic soy broth at 43'C for 2-4 h, 
followed by inducing with lactose (5 mM) for additional 
8-IOh. 

Significance:This study reported the possibility 
of developing a genetic procedure for producing 
protamine instead of extracting it from fish sperm. 

PS- I I Effect of Salt on the Survival and Cyto
plasmic pH of Escherichia coli O I S7:H7, 
Listeria monocytogenes, and Staphylococcus 
aureus in Acetic Acid Treatment 

SUN-YOUNG LEE and Dong-Hyun Kang, 
Chung-Ang University, Dept. of Food and 
Nutrition,Anseong-si, Gyeonggi-do 456-756, 
Korea 

Organic acids inhibit microorganisms by 
decreasing the cytoplasmic pH of microorganisms in 
the acidic environment, and the inhibitory effect could 
be different when salt is added to acid.Therefore, this 

study was conducted to Investigate the effect of salt 
on the survival of foodborne pathogens such as 
Escherichia coll O I 57:H7, Listeria monocytogenes, and 
Staphylococcus aureus and on cytoplasmic pH and 
electrical membrane potential (EMP) of each pathogen 
with acetic acid treatment. Scanning/transmission 
electron microscopy (SEM/TEM) was applied to 
investigate the Inhibitory mechanism of acetic acid 
against E. coli O I 57:H7. Cytoplasmic pH and EMP 
were estimated by measuring the distribution of a 
weak acid (radiolabeled salicyclic acid) across the cell 
membrane. SEM and TEM photographs showed that 
inhibition of microorganisms by acetic acid occurred 
because of the decrease of cytoplasmic pH and a loss 
of cell components.The addition of salt significantly 
increased the survival of E.coli O I 57:H7 in acetic acid 
treatment and showed an antagonistic effect, whereas 
it enhanced the Inhibitory effect of acetic acid for 
killing L monocytogenes and S. aureus and thus showed 
a synergistic effect.These results were In agreement 
with results of cytoplasmic pH of each pathogen 
because cytoplasmic pH Increased in E.coli O I 57:H7 
when salt was combined with acetic acid treatment, 
whereas cytoplasmic pH decreased in L monocyto
genes and S. aureus. However, there was no significant 
difference in levels of EMP between acetic acid and 
the combination of acetic acid and salt for all strains 
studied. From these findings, the addition of salt 
produced different results depending on pathogen 
strain, and for E. coli O I 57:H7, the addition of salt 
increased its survival because salt may prevent the 
acidification of the cytoplasm of E.coli O I 57:H7 by 
organic acids. 

PS-12 Survival Mechanism of Escherichia coli 
OIS7:H7 in the CombinedTreatment 
of Acetic Acid and Salt Related to the 
Known E. coli Acid Resistance Response 
SUN-YOUNG LEE and Dong-Hyun Kang, 
Chung-Ang University, Dept. of Food and 
Nutrition, Chung-Ang University,Anseong-si, 
Gyeonggi-do 456-756, Korea 

Escherichia coli O I 57:H7 is highly resistant to 
acidic pH and can survive and grow in acidic foods 
and cause foodborne Illness. This resistance of E. coli 
0157:H? to an acid environment could be related to 
an acid resistance (AR) mechanism of E. coli. In our 
previous study, the addition of salt significantly 
increased the survival of E.coli O I 57:H7 with acetic 
acid treatment and this may happen because the 
addition of salt increased the AR mechanism of E.coli 
0157:H?. Therefore, this study was conducted to 
investigate the effect of salt on the AR mechanism of 
E. coll O I 57:H7 in acetic acid treatment in laboratory 
media.To investigate the effect of salt addition on rpoS 
regulation (AR I) in acetic acid treatment, a rpoS 
mutant strain and chloramphenicol were used. 
Glutamate and arginine were added to phosphate 
buffer to investigate the effect of salt addition on 
amino acid-dependent systems,AR2 and AR3, in acetic 
acid treatment. Related to the AR I system, the same 
antagonistic effect of acetic acid and salt was observed 
In rpoS mutant strains and in the presence of chloram
phenicol. Therefore, the antagonistic effect was not 
the result of protein synthesis by the AR I system. 
However, the addition of glutamate to phosphate 
buffer significantly increased survival levels of 
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£ coli O I 57:H7 in acetic acid treatment.Thus, the 
protective effect of salt in acetic acid treatment may 

result because the addition of salt increases the 
AR response of E.coli O I 57:H7, such as glutamate
dependent AR systems. However, since known AR 
systems could not sufficiently explain the acid resist
ance of E. coli and the effect of Incorporating salt into 
acid treatment, further study is required to better 
understand the antagonistic effect of salt and acetic 
acid. 

Survival of Escherichia coli O I 57:H7 
Isolates in Acetic Acid Solutions is 
Influenced by the Source of Isolation 

DEOG-HWAN OH, Y. Pan, E. Berry, R. Mandrell, 

and F. Breidt,Jr., USDA-ARS, and North 

Carolina Agricultural Research Service, North 

Carolina State University, Dept. of Food Science, 

Raleigh, NC 27695-7624, USA 

Enterohemorrhagic Escherichia coli O I 57:H7 is 
highly acid resistant in nature because of its low 
infectious dose and is able to survive in acid foods or 

in stomach acid.A number of studies on the influence 

of acid on E.coli O I 57:H7 have shown considerable 
strain associated differences, but there is little Infor

mation on E.coli O I 57:H7 strains isolated from 
common sources.Thus, the purpose of this study was 

to determine the survival of five group mixtures of 
E.coli O I 57:H7 strains (5 mixtures of each: food, 
bovine carcass, bovine feces, water, and human iso

lates) in acetic acid solutions (400 mM), with ionic 
strength adjusted to 0.34 (using NaCl) at different pH 

values (3.3, 3.7, and 4.3) and temperatures ( I 5, 22, and 

30'C) for 25 min exposure. Bovine carcass, feces or 

water isolates survived acetic acid treatment signifi
cantly (P s 0.05) better than strain mixtures isolated 

from acidic foods or human isolates at pH 3.3 and 
30'C for 25 min exposure. However, resistance to 
acetic acid significantly increased as temperature 
decreased to I 5"C for a given pH, with little difference 

(P"' 0.05) among strains.All groups of E.coli O I 57:H7 

strains showed more than 4 to 5 log reduction at pH 
3.3 and 30'C, Significantly reduced lethality (less than 

2 log reduction ) for all E.coli O I 57:H7 strain mix

tures was observed as pH increased to 3.7 or 4.3, 
with little difference in acetic acid resistance among 
groups. In the meantime, the addition of glutamate In 

the acetic acid solution or anaerobic incubation pro

vided the best protection compared to the above 
condition for all groups of Isolates.These results may 

suggest strategies for improving the safety of acidified 

foods. 

Starvation Effect on Attachment Proper
ties of Escherichia coli O I 57:H7 and a 
Non-pathogenic Surrogate E. coli 

JIN KYUNG KIM and Mark A. Harrison, Univer

sity of Georgia, Dept. of Food Science and Tech., 

Food Science Bldg.,Athens, GA 30602, USA 

lntroduction:Water is widely used in fresh 
produce production. E. coll O 157: H7 can survive in 
water for extended periods, which induces starvation. 
Exposure to starvation may enhance E.coli O I 57:H7 
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survival under subsequent stresses by changing 
surface morphology, which may affect adherence to 

produce. 
Purpose:This study determined the effect of 

starvation on attachment of E.coli O I 57:H7 and a 

surrogate E.coli ATCC 25922 to lettuce. 
Methods:After starvation (at 37'C for 4 h, 20'C 

for 24 h, or 4'C for 7 d), cryotolerance, cell surface 

characteristics (hydrophobicity, zeta potential, 
morphology and outer membrane proteins) and 

attachment to lettuce were investigated. 
Results: Overall E.coli ATCC 25922 exhibited 

greater starvation induced changes and cryotolerance 

than E.coli O I 57:H7. For example, starved (4'C for 7 

d) E.coli ATCC 25922 showed a 17.6% increase in 
survival rate, whereas the corresponding increase for 

E.coli O I 57:H7 was 8.8%. Hydrophobicity of both 
strains decreased over 7 days of storage and zeta 
potential of E.coli ATCC 25922 was more consistent 

(-8.08 to -6.98 mV) than for E.coli O I 57:H7 (-10.30 
to -6.21 mV). There were few differences in outer 
membrane protein (OMPs) patterns among starvation 

conditions, whereas intensity of some OMPs of E. coli 

ATCC 25922 was different from Intensity of E.coli 
0 I 57:H7. Microscopically starved cells of both strains 

appeared elongated, wrinkled and malformed. Starved 

cells of both strains attached to lettuce less than non

starved cells (49% of E. coll O I 57:H7 and 69% of E.coli 
ATCC 25922 compared to non-starved cells). 

Significance: Starvation affects cryotolerance, cell 

surface properties of E.coli O I 57:H7 and E.coli ATCC 

25922 to somewhat different degrees.Thus selection 
of a surrogate should be done under specific environ

mental conditions. E.coli ATCC 25922 is a useful 
surrogate for E.coli O I 57:H7 for produce attachment 
and recoverability studies. 

The Lpp Lipoprotein Suppresses Motility 
in a Biofilm-forming Strain of Escherichia 
coli O I 57:H7 

GAYLEN A. UHLICH and Darrell 0. Bayles, 

USDA-ARS-ERRC, 600 E. Mermaid Lane, 

Wyndmoor, PA 19038, USA 

Introduction: In Escherichia coli O I 57:H7 strain 
ATCC 43895, a guanine to thymine transversion in 
the csgD promoter created strain 43895OR. Strain 
43895OR produces an abundant extracellular matrix 
rich in curli fibers and generates dense biofilms on 
solid surfaces. 

Purpose: Investigate the components of the 
extracellular matrix of strain 43895OR and their role 
In E.coli persistence in food environments. 

Methods:The soluble proteins from strains 
43895OR and 43895 grown on Congo red indicator 
(CRI) plates were compared by one-dimensional 
PAGE.Two unique proteins from strain 43895OR 
were identified by immuno-blotting and mass 
spectrometry. Mutants of strain 43895OR with 
disruption of each identified gene were created and 
tested for phenotypic and functional differences on 
CRI agar and on motility plates (0.3% agar).Transcrlp
tional expression of the identified genes in strains 
43895 and 43895OR was determined by quantitative 
real-time reverse-transcriptase PCR. 
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Results:A CsgA polyclonal antibody identified a 
15-kDa protein as the curli subunit.A < I 0-kDa 
protein was identified from MALDI-TOF combined 
MS+MS/MS spectra as a murein-llpoproteln Lpp 
homologue. Comparison of strains 43895 and 
43895OR with lpp, csgA, or lpplcsgA mutants revealed 
differences In aggregation on CRI plates and in broth. 
In motility assays, the /pp mutant and the csgA!lpp 
double mutant each showed significantly (P < 0.05) 
greater swimming motility than that strain of 
43895OR, strain 43895, or the csgA mutant. However, 
there were no motility differences between the lpp 
and the csgA!lpp mutant strains.Although csgA RNA 
transcripts were up-regulated In strain 43895OR, lpp 
expression was indistinguishable between strains 
43895 and 43895OR. 

Signi(,cance:These results indicate that curli fibers 
and Lpp are highly expressed during 43895OR colony 
growth on agar and that Lpp has a suppressive affect 
on swimming motility, which could affect survival in a 
food environment. Moreover, the increased expression 
of Lpp Is not controlled at the transcriptional level. 

PS-16 Quorum-sensing Signal Production and 
Its Role on Growth of Salmonella Thomp
son and Escherichia coll O I 57:H7 under 
Various Conditions 
YOHAN YOON and J. N. Sofos, Colorado 
State University, Dept. of Animal Sciences, 
Colorado State University, Fort Collins, CO 
80523-1171, USA 

Foodborne pathogens use cell-to-cell signaling 
(quorum sensing) based on autoinducer-2 (Al-2) 
activity. The potential role of Al-2-based quorum 
sensing in bacterial growth and the potential produc
tion of Al-2 in liquid substrates are not well known. 
This study evaluated the role of Al-2 on growth of 
Salmonella Thompson and Escherichia coli O I 57:H7, the 
amount of Al-2 produced by the pathogens in the 
presence of glucose (0.5%), and production of Al-2 by 
E.coli O I 57:H7 in beef purge. S. Thompson RM 1987N 
(Al-2-positive) and RM I 987NLUX (Al-2-negative), and 
E.coli o"I 57:H7 86-24 (Al-2-positive) andVS94 (Al-2-
negative) were incubated in Luria-Bertani broth (LB) 
at 35°C ( 14 h), and cell counts [tryptic soy agar 
(TSA)], cell density (OD600), and Al-2 activity were 
determined every 2 h. S. Thompson RM 1987N (8 h) 
and E.coli O I 57:H7 86-24 ( 14 h) were incubated in 
LB+0.5% glucose broth (LBG) at 35°C, and analyzed 
for OD

600 
and Al-2 activity. In addition, E.coli O I 57:H7 

ATCC 43895 was inoculated in beef purge, and total 
bacterial (TSA) and E. coli O I 57:H7 (sorbitol 
MacConkey agar supplemented with cefixlme and 
potassium tellurite) populations were determined 
every 7 (4°C), 6 ( I 0'C) and 3 (25"C) days for 21, 18 
and 9 days, respectively.Al-2 activity was determined 
by the luminescence-based reporter Vibrio harveyi 
BB 170 (two replications, two samples each). No 
differences (P ~ 0.05) in bacterial populations and cell 
densities were observed between Al-2-positive and 
-negative strains. Unlike transientAl-2 activity In LB, 
the activity became constant in LBG during stationary 
phase. No (P < 0.05) Al-2-like activity was detected 
in beef purge, even in the presence of high E. coli 
0 I 57:H7 populations. The findings indicate that 
Al-2-based quorum sensing may not be involved 

In growth of S. Thompson and E.coli O I 57:H7, while 
an Increased glucose level may allow continuous 
Al-2 activity.Al-2-based quorum sensing of E.coli 
0 I 57:H7 did not appear to be of significance in 
beef purge. 

PS-17 Heat Inactivation Comparison of Esch
erichia coli O I 57:H7 When Grown Stati
cally or Continuously in a Chemostat 
DARRYL G. BLACK and P. Michael Davidson, 
University ofTennessee, 2605 River Drive, Dept. 
of Food Science and Tech., Knoxville, TN 37996-
4591, USA 

Introduction: Studies have reported wide ranges of 
D-values for thermal Inactivation of various strains of 
Escherichia coli O I 57:H7. The focus for much of the 
research to date has been to model the growth 
medium and possible stress conditions that lead to 
variability in thermal resistance.The use of non-linear 
regression techniques to better model inactivation 
data that is curvilinear or show tailing effects at later 
time points in survivor curves has been demonstrated. 

Purpose:The objective of this study was to 
determine if the variability of D-values and possible 
curvilinear shapes of survivor curves is the result of 
the physiological state of microbial cells at the time of 
heat exposure. 

Methods: E.coli O I 57:H7 (ATCC strain 43895) 
was grown in a continuous growth chemostat or 
aerobically Incubated static culture. Culture medium 
was tryptlc soy broth.The chemostat enabled a quasi
constant growth rate allowing bacteria to remain in a 
sustained or synchronous growth phase. Survivor 
curves were prepared by heating cultures in vials at 
58°C for up to 36 min and recovering survivors on 
tryptic soy agar.A regression package capable of both 
linear and non-linear approaches was used to analyze 
results. 

Results: Cultures were ca pH 7.9 (7.5 during 
heating) for chemostat cells and pH 6.1 (6.4 during 
heating) for statically grown cells. Regression analysis 
performed on inactivation curves showed slight 
differences in R2 values for log linear versus the non
linear Weibull function, 0.92 to 0.98 respectively for 
static culture and 0.89 to 0.94 respectively for chemo
stat culture. Statically grown cells had a significantly 
larger D58C value of 5.49 min compared to 2.34 min 
for chemostat cells. 

Significance: Results suggest there are differences 
in the inactivation response of microbial cells depend
ing on their physiological state. Growth conditions 
and physiological state should be taken into account 
when modeling validation experiments to ensure 
adequate food safety. 

PS-18 Pathogenicity of Acid-adapted Escherichia 
coli O I 57:H7 in Laboratory Media and 
Meat Serum 

MANPREET SINGH,J. E. Cunnick, and James 
S. Dickson, Auburn University, 30 I B Poultry 
Science Bldg., 260 Lem Morrison Drive, 
Auburn, AL 36849, USA 

Toxicity of acid adapted and non-adapted Esch
erichia coli O I 57:H7 grown in laboratory media and 
meat serum on African green monkey kidney cells 

journal of Food Protection Supplement A - 228 
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(Vero cells) was determined. E.coli O I 57:H7 was 
adapted to acidic conditions by growing in tryptic soy 
broth (TSB) with I% glucose (TSB+ I %G).A five
strain cocktail of E. coll O I 57:H7 was grown sepa
rately in TSB and TSB+ I %G for 24 h at 37'C to 
provide cells with or without acid adaptation. Meat 
serum was prepared from irradiated ground beef and 
inoculated with a five strain cocktail of either acid 
adapted or non-adapted£ coli O I 57:H7.Vero cells 
were grown separately in complete RPMI media and 
toxic effects of acid adapted and non-adapted E. coli 
0 I 57:H7 grown in laboratory media and meat serum 
were compared after storing for I and 7 days at 4 and 
-20°C. No significant (P > 0.05) differences were 
observed between the toxicity of acid adapted and 
non-adapted cells in laboratory media and meat 
serum Irrespective of storage temperature. Significant 
differences (P < 0.05) were observed in the verotoxin 
production on day I and 7 at 4 and -20°C. Significantly 
higher (P < 0.05) verotoxin production was observed 
in meat serum inoculated with non-adapted cells on 
day I as compared to acid adapted cells but this was 
not observed on day 7.These results suggest that acid 
adaptation of E.coli O I 57:H7 leads to decreased 
verotoxin secretion In meat serum. 

PS-19 Heat Resistance of Multidrug- and 
Nonmultidrug-resistant Salmonella 

Serotypes 

BALA KOTTAPALLI, Jarret Stopforth, Marissa 

Lopes, Rico Suhallm, and Mansour Samadpour, 

IEH Laboratories & Consulting Group, 15300 
Bothell Way NE, Lake Forest Park,WA 98155, 
USA 

lntroduction:The rate of detecting multidrug
resistant (MDR) strains of Salmonella has Increased 
considerably in recent years. It has been hypothesized 
that MDR strains are generated by sub-therapeutic 
antibiotic use in food animals and that such strains 
may have Increased resistance to food processes such 
as heat and Irradiation. 

Purpose:The objective of this study was to eva
luate the heat resistance of MDR and nonmultldrug
reslstant (NMDR) strains of ten Salmanella serotypes 
representing the serotypes isolated from ground beef 
national baseline samples for 2005. 

Methods: MDR and NMDR Salmonella serotypes 
studied included: Montevideo,Typhimurium,Anatum, 
Muenster, Newport, Mbandaka, Dublin, Reading,Agona, 
and Give. Stationary-phase cultures of the strains 
were aliquoted into sterile capillary tubes and 
immersed in a temperature-controlled water bath at 
55, 60, 65, and 70°C for appropriate times. Survivor 
curves were plotted for each temperature and a best
flt linear regression was derived for each temperature. 
D- and z-values were calculated for each strain. 

Results: For MDR strains, the D-values at 55°C 
ranged from 156-251 s; at 60°C ranged from 9-23 s; 
at 65°C ranged from 4-5 s; and at 70°C ranged from 
1-3 s. For NMDR strains, the D-values at 55°C ranged 
from 148-265 s; at 60°C ranged from 8-25 s; at 65°C 
ranged from 3-5 s; and at 70°C ranged from 1-2 s. 
The z-values for the MDR ranged from 2.7-3.4°C, 
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while the z-values for the NMDR ranged from 2.1-
3.30C.Although there was no substantial difference In 
the heat resistance of MDR and NMDR strains, MDR 
strains generally appeared to have slightly lower heat 
resistance compared to that of NMDR strains. NMDR 
S. Agona consistently had the highest heat resistance 
of all serotypes evaluated. 

S/gnjffcance:These data provide evidence that 
Salmonella strains with MDR genes do not appear to 
confer increased resistance to heat compared with 
NMDR counterparts. 

PS-20 The Role of Meat Microflora in Gas 
Production Associated with "Blown-pack" 
Spoilage of Ground Beef Chubs 

BALA KOTTAPALLI, Jarret Stopforth, Marissa 

Lopes, and Mansour Samadpour, IEH Laborato

ries & Consulting Group, 15300 Bothell Way NE, 

Lake Forest Park, WA 98155, USA 

lntroduction:"Blown-pack" spoilage of ground beef 
chubs is characterized by swelling of chub-packaged 
ground beef products and results In substantial 
economic losses annually in the beef industry.The 
authors previously identified the predominant micro
flora associated with "blown-pack" spoilage of ground 
beef chubs stored under refrigerated conditions. 

Purpose:The objective of this study was to 
evaluate the role of three bacterial groups (Entero
bacteriaceae, Pseudomonas, and lactic acid bacteria 
[LAB]) in gas production when inoculated In vitro 
in a simulated ground beef matrix. 

Methods:A full-factorial design was used to 
evaluate the effect of the three bacterial groups 
inoculated at three concentrations (2, 3, or 4 log CFU/ 
g), in tubes containing gas-assay media equipped with 
Durham tubes and incubated at three temperatures 
(4, I 0, or I 5'C}.The tubes were incubated until visual 
signs of gas production were observed.A second
order logistic regression model was fitted to the data 
for each temperature to predict the probability of gas 
production as a function of level of inoculated 
organisms. 

Results: Pseudomonas were found to have no sign
ificant (P > 0.05) effect on gas production. At 4°C, 
LAB and Enterobacterlaceae were found to have a 
significant (P < 0.05) effect on gas production. At I 0 
and I 5°C, Enterobacteriaceae were found to have a signi
ficant (P < 0.05) effect on gas production. The fitted 
response surface also predicted levels of organisms 
for which the probability of gas production is maxi
mum. At 4°C and a combination of 2.9 and 3.0 log 
CFU/g of Enterobacteriaceae and LAB, respectively, the 
probability of gas production was maximum (68%). 
At 10 and 15'C with a concentration of 3.0 log CFU/g 
Enterobacteriaceae, the probability of gas production 
was71%. 

Significance: Use of the developed model will 
allow meat processors to predict the likelihood of 
ground beef packages experiencing gas production 
based on microbiological profiles for the specific 
organisms of interest. 
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Identification and Molecular Character
ization of Class I lntegron Resistance 
Gene Cassettes among Salmonella Strains 
from Imported Seafood 

ASHAF A. KHAN, Chorng-Ming Cheng, 
Elizabeth Ponce,junaid A. Khan, and Christine 
S.West, FDA, 3900 NCTR Road, Microbiology 
Division, NCTR,jefferson,AR 72079, USA 

Introduction: In the United States, there are an 
estimated 800,000 to four million Salmonella infections 
annually, of which approximately 500 of the cases are 
fatal. Recently, numerous outbreaks have been caused 
by the multidrug resistant Salmonella strains. Mobile 
genetic elements, such as plasmids, transposon, and 
integrons, which are able to disseminate antibiotic 
resistance genes by horizontal or vertical transfer, 
play an important role in evolution and dissemination 
of multidrug resistance in Gram-negative bacteria. 

Purpose:The purpose of this study was to identify 
and characterize the multidrug resistant genes among 
Salmonella strains Isolated from imported seafoods. 

Methods:A total of 202 Salmonella enterica 
isolates representing 20 serovars were isolated from 
imported seafood samples during the years 2001-
2005. These isolates were tested for their susceptibil
ity to thirteen antibiotics of veterinary and clinical 
importance. Multidrug resistant isolates were screened 
for integrons by PCR and further characterized by 
cloning and nucleotide sequencing. 

Results: Fifty-five strains were resistant to at least 
one antibiotic tested. Four strains, Newport (62), 
Typhimurium varcopen (629), Weltevreden (631) and 
Lansing (803), which originated in different countries 
(Hong Kong, Philippines, India and Taiwan), were resist
ant to multiple antibiotics, including trimethoprim 
sulfamethoxazole and tetracycline. Primers specific to 
integron conserved sequence (CS) regions amplified 
a 1.24 Kb amplicon from strain 62, and a 2 Kb 
amplicon from the three isolates 629,631 and 803. 
Sequence analysis of the 1.24 kb clone of 62 revealed 
the presence of dfrA I conferring resistance to trime
thoprim and orfC gene cassette of unknown function. 
The sequence analysis of the 2 kb clone of 629, 631 
and 803 revealed the presence of dhfrX/1 gene cassette, 
which confers resistance to trimethoprim; a 59 base 
element, ORF of a hypothetical protein; and aadA2 
gene cassette, which confers resistance to streptomy
cin and spectinomycin. 

SlgniPcance:This study indicates antimicrobial
resistant Salmonella enterica serovars are present in 
imported seafoods. 

Characterization of Salmonella Isolates 
from Sentinel Bivalves (Corbicula 
flumenla) Using Serotyping, Pulsed Field 
Gel Electrophoresis (PFGE), Multi Locus 
Sequence Typing (MLST) and Antimicro
bial Resistance Analysis (ARA) 

XIN LI, P. Mascarelli, M. Raley, N.j. Patel, 
P. Gerner-Smidt, W. A. Gebreyes, and J. F. Levine, 
North Carolina State University, 4700 
Hillsborough St., Raleigh, NC 27606-840 I, USA 

Introduction: Among the 21 million acres of 
shellfish harvesting areas in the United States, more 
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than 13% are closed due to fecal waste contamination 
from humans, livestock and wildlife. 

Purpose: The purpose of this study was to char
acterize Salmonella isolates from sentinel Corbicula 
flumenia, using phenotyplng and genotyping In an 
attempt to Identify the origins of fecal waste contami
nation. 

Methods: Corbicula flumenia specimens were 
placed at 15 river locations in North Carolina near 
human waste water treatment plants and intensive 
swine rearing areas. For each location, the prevalence 
of Salmonella was determined every two months, in 
addition to after two storm events, occurring between 
April 2004 and August 2005. A total of 52 Salmonella 
isolates were obtained and characterized by sero
typing, PFGE,ARA and MLST based on one virulence 
gene and three housekeeping genes. Isolates were 
compared with those described in the human CDC 
PulseNet database and a database of Isolates from 
swine. 

Results: Of the 52 Salmonella Isolates char
acterized, fifteen Salmonella serovars were Identified. 
The top five serovars were Salmonella Newport ( 15%), 
Give ( 13%), Muenchen ( 13%), Rubi slaw ( 13%) and 
Braenderup ( 12%). Sixteen of these 52 Salmonella 
isolates (31 %) were identical to human isolates by 
PFGE and serotyping. Another 9 isolates ( 17%) had 
greater than 90% similarity to human isolates.The 
strains of several PFGE types were further differenti
ated by MLST. Forty-six percent of the Salmonella 
isolates were resistant to at least one antibiotic. A 
high percentage of the Salmonella isolates was resist
ant to streptomycin and sulfasoxasole. 

SigniPcance: The combination of serotyping, PFGE, 
MLST and ARA provide opportunities for examining 
the relationship between environmental isolates and 
those that have been associated with outbreaks of 
salmonellosis. Sentinel bivalves can provide a useful 
cumulative profile of enteric pathogens that may be 
entering surface waters. 

Multiplex PCR for Identification of Major 
Pathogenic Salmonella Serovars Obtained 
from Specific Primer Sets by Use of 
Comparative Genomics 
Nam-Uk Jo, Hyun-joong Kim, Si-Hong Park, and 
HAE-YEONG KIM, Graduate School of Bio
technology, Kyung Hee University, Room I 08, 
Food Biochemistry Lab, Suwon, Gyenggi 449-
70 I, Republic of Korea 

Introduction: Salmonellae are divided taxonomi
cally Into two species, Salmonella enterica and 
Salmonella bongori (subspeclesV). Salmonella enterica is 
comprised of 6 subspecies such as I, II, Illa, lllb, IV, and 
VI. Salmonella subspecies I consist of almost 1500 
serovars, and most major pathogenic Salmonella 
serovars belonging to subspecies I cause infection in 
warm-blooded animals. Salmonella spp. is the most 
frequently isolated foodborne pathogen from 
foodborne outbreaks throughout the world and a 
method for its detection is necessary in the food 
industry. 

Purpose:The purpose of this study is to design 
specific primers for Salmonella, Salmonella subspecies 
I, Salmonella enterica serovarTyphimurium, and 
Salmonella Typhi, using comparative genomics, and to 
identify salmonellae by multiplex PCR, using these 
primers. 

Journal of Food Protection Supplement A - 230 
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Methods: Specific primer sets were designed from 
12 Solmonella genome sequences, using comparative 
genornics, and each primer was evaluated with 
genomic DNAs of various Salmonella serovars. Also, 
a set of multiplex PCR primers was designed and 
performed for rapid Identification of salmonellae and 
major pathogenic Salmonella serovars. 

Results: Specific expected genes were selected 
from genome sequences of salmonellae by use of 
comparative genornics, and primers were constructed. 
Each primer pair showed high specificity with their 
target serovars, and specific primer pairs were 
selected for Salmonella, Salmonella subspecies I, 
Salmonella serovarTyphlrnuriurn andTyphi. Also, 
multiplex PCR results showed specific results with 
genomic DNAs of various Salmonella serovars. 

Signiffcance:This multiplex PCR method could 
apply to the detection and identification of clinically 
important strains of Salmonella serovars with rapidity 
and accuracy in the general laboratory. 

DNA Probe Enumeration and rep-PCR 
Molecular Typing for Monitoring Salmo
nella enterica from Environmental Sources 

ANITA C. WRIGHT, Masoumeh Rajabi, and 
Gary E. Rodrick, University of Florida, P.O. Box 
I I 0370, Gainesville, FL 3261 I, USA 

Introduction: Salrnonellosis often results from fecal 
contamination of food or water, but Salmonella 
enterica may become established in aquatic environ
ments and food products. Thus, species-specific 
monitoring is needed for epidemiological analysis. 

Methods: Investigations examined an alkaline 
phosphatase-labeled oligonucleotide DNA probe, 
derived from the invA gene, as a confirmatory tool for 
identification and enumeration of S. enterica from 
environmental samples. Probe positive colonies were 
isolated from plate counts or from most probable 
number (MPN) enrichment protocol of Suwannee 
River water samples. Serology and repetitive 
extragenic palindromic DNA (rep-PCR) were used 
for species confirmation. 

Results: The probe proved I 00% specific for 31 
different serotypes of S. enterica strains (n = 83) and 
negative for all non-S. enterica strains (n = 44) of 
different species (n = 16).The probe detected IO CFU 
1111·1 in artificially inoculated oyster homogenates or 
Suwannee River water. Counts using colony hybridiza
tion averaged >80% at inocula for 102to 106 CFU rnl· 1, 

and were significantly (P < 0.005) improved counts 
using selective media. S. enterica was isolated from 
Suwannee River water by combining a most probable 
number (MPN) enrichment protocol with DNA probe 
confirmation. All probe positive isolates (n = 326) 
were confirmed by two independent PCR assays; 
however, examination of a subset of strains (n = 30) 
showed that 20% were not typeable by serology. 
Conversely, all strains were identified as S. enter/ca 
subspecies I by PCR-based molecular typing using 
primers from repetitive extragenic palindromic DNA 
(rep-PCR). Furthermore, rep-PCR provided increased 
discrimination compared to PCR-based ribotyping, 
segregating Suwannee River strains from those of 
clinical origin, and showing excellent correlation 
with serotyping. 

Significance: DNA probe offers rapid identi
fication and enumeration of S. enterica, and rep-PCR 
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was more accurate and sensitive than serology for 
classification of environmental reservoirs. 

Characterization of Plasmids Harboring 
the blaCMY-2 Gene Encoding Resistance 
to Extended-spectrum Cephalosporins in 
Salmonella Isolated from Food-producing 
Animals in Canada 

ELIZABETH HILLYER, Laura Martin, Emily Weir, 

and Patrick Boerlin, University of Guelph, Dept. 

of Pathobiology, 50 Stone Road E., Guelph, ON 

N IG 2WI, Canada 

Introduction: Salmonella from animals can be trans
mitted to humans along the food chain, and antimicro
bial resistance in Salmonella of animal origin has 
become a great concern for food supply and public 
health.This is particularly true for the recently 
emerged resistance to extended-spectrum cepha
losporins (ESCs). Molecular epidemiology is a valuable 
tool to help us understand the ecology of antimicro
bial resistance in animals and to take appropriate 
measures for its control. 

Objective: Plasmids carrying the blaCMY-2 gene 
that confers resistance to the ESCs in Salmonella spp. 
were characterized. The isolates were collected from 
animals, their environment, and foods of animal origin 
across Canada during the years of 1999-2004. 

Methods:We examined blaCMY-2 plasmids from 
46 representative isolates selected among a collection 
of 652 ESC-resistant Salmonella.The plasmids were 
electroporated into Escherichia coli DH I OB, and puri
fied, after which restriction fragment length polymor
phism (RFLP) analysis was performed, using the endo
nuclease Bglll. The similarities between restriction 
profiles of blaCMY-2 plasmids were assessed by use 
of the Dice coefficient and the UPGMA method of 
clustering. 

Results:A variety of blaCMY-2 plasmids ranging in 
size and RFLP pattern were observed.Three major 
blaCMY-2 plasmid clusters were delineated. Plasmids 
from two of these clusters encoded resistance to 
several antimicrobial classes, whereas those from the 
third cluster encoded resistance to B-lactarns only. 
Plasmids from more than one cluster were found in 
some Salmonella serovars, as well as among Salmonella 
associated with each animal species, except for cattle. 

Signif,cance:These results show that a diversity of 
plasmids carry the blaCMY-2 gene In Salmonella 
associated with food-producing animals In Canada. 
They suggest the repeated acquisition and frequent 
horizontal transfer of blaCMY-2 plasmids in Salmonella. 
Finally, some differences may exist between animal 
species with regard to the distribution of these 
plasmids. 

Alteration of Flagella and Lipopoly
saccaride on Biofilm Formation by 
Salmonella enter/ca SerovarTyphimurium 
Phage Type DT I 04 

SHIN-HEE KIM and Cheng-iWei, University of 
Maryland, Dept. of Nutrition and Food Science, 

College Park, MD 20742, USA 

The increase of rnultidrug-reslstant Salmonella 
has been a public health concern. In a previous study, 
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multidrug-reslstant Salmonella enterica serovarTyphl
murlum phage type DT I 04 was shown to be able to 
form strong biofilms on food contact surfaces. Blofilm 
formation by the pathogen could be a source of cross 
contamination during handling and processing of food 
products.Therefore, the objective of this study was to 
characterize the molecular mechanisms of blofilm 
formation by S. Typhimurlun DT I 04 for a better 
understanding of its attachment and colonization in 
food processing environments. Random genomic 
DNA mutagenesis was carried out using the EZ:TN 
<R6yori/Kan-2> Tnp transposome kit.The clones 
harboring the EZ:TN transposon were screened by 
phenotypic analysis of their blofilm and pelllcle form
ation, curli synthesis and cellulose expression.The 
sites of transposon insertion in selected mutants were 
sequenced, and these mutants were tested for their 
biofilm-forming capability In meat, poultry, and veg
etable broths or on food contact surfaces. The effect 
of phenotypic changes of flagella and lipopolysaccaride 
(LPS) production on biofilm formation by the mutants 
was determined by SDS-PAGE analyses. Mutants in the 
flgK gene encoding flagellar hook-associated protein I 
and rfbA gene encoding glucose- I -phosphate thymidy
lyltransferase showed decreased biofilm formation In 
beef, pork, chicken, and turkey broths.These mutants 
also showed phenotype changes in pellicle formation 
and curli expression.Alteration of flagella and LPS 
production were confirmed in the flgK mutant and 
rfbA mutant, respectively. The attachment of two 
mutants on surfaces of stainless steel and glass was 
insignificant compared to that of wild-type strain 
(P < 0.05). Our findings suggest that flgK and rfbA 
genes involved in the biosynthesis of flagella or LPS 
could contribute to biofilm formation and attachment 
of S. Typhlmuriun DT I 04 on food contact surfaces 
and raw materials of meat and poultry products. 

Comparison of Invasiveness and Virulence 
Potential of Processing Plant Persistent 
and Clinical Strains of Listeria mono
cytogenes in DifferentVirulence Models 

ANNE JENSEN, Line E. Thomsen, Rikke L. 
Jensen, Marianne H. Larsen, Bent B. Roldgaard, 
Bjarke B. Christensen, Hanne lngmer, Bi rte F. 
Vogel, and Lone Gram,Technical University 
of Denmark, Danish Institute for Fisheries 
Research, Dept. of Seafood Research, S0ltofts 
Plads, Bldg. 221, Kgs. Lyngby, 2800, Denmark 

Listeria monocytogenes Is a serious foodborne 
bacterial pathogen prevalent in fishery products. 
Recently, one group of genetically similar L mono
cytogenes strains (RAPD type 9) have been shown to be 
persistent in several independent fish industries.As 
persistent strains are likely to become contaminants 
of food products, it is important to know how virulent 
such strains are. The aim of this study was to 
Investigate the virulence of six different L mono
cytogenes strains in four virulence models; an epithelial 
cell line, Caco-2; a nematode model, Caenorhabditis 
elegans; a fruit fly model, Drosophila melanogaster; and 
a guinea pig model.The six strains Included the EGD 
strain, the Scott A strain, one human clinical strain, one 
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strain isolated from food and two persistent strains 
(RAPD type 9) from fish processing environments.The 
two persistent strains did not Invade Caco-2 cells ( I 02 

CFU/ml) as well as the four other strains ( I 04- I 05 

CFU/ml) (P < 0.05).The persistent strains killed 50% 
of the nematodes more slowly ( 110 h) than the rest 
of the strains (80 h). In the D. melanogaster model, the 
non-virulent Listeria innocua behaved similarly to Scott 
A, and the model is therefore not an appropriate 
model for Listeria spp. Scott A and one persistent 
strain were tested in the guinea pig model. Scott A 
was isolated from feces at a higher level (approx. I 05 

CFU/g) than the persistent strain (approx. I 02 CFU/g) 
(P < 0.05). Further, Scott A was detected in 70-100% 
(n = 18) of the organs (liver, spleen, jejunum), whereas 
only 0-40% (n = 27) of the organs were positive when 
the animals were dosed with the persistent strain. All 
together, the results suggest that the two processing 
plant persistent process strains (RAPD type 9) were 
less invasive and less virulent than Scott A and the 
human clinical strain. 

Analysis of the Partial Genomic Seq
uence among Listeriaphage 20422-1, 
805405-1 (Newly Isolated in the United 
States) and PI 00 

JAE-WON KIM, Driss Elhanafi, and Sophia 
Kathariou, North Carolina State University, 
Dept. Food Science, #338 Schaub Hall, Raleigh, 
NC 27695-7624, USA 

Introduction: Listeria monocytogenes is responsible 
for human listeriosis, a foodborne illness with high 
mortality. Listeriaphage has been studied to control 
L monocytogenes In food and in the processing plant 
environment. In this investigation, two Listerlaphages 
(20422-1 and 805405-1) were isolated from environ
mental samples of two different turkey processing 
plants located in different states in the United States. 

Purpose:This study was performed to determine 
the similarity of the partial genomic sequence among 
20422-1, 805405-1, and PI 00. 

Methods: Eight randomly chosen regions in PI 00 
(genomic sequence was provided by NCBI BLAST) 
were used to design primer sets, and, after PCR 
amplification of those regions in the 20422-1 and 
805405-1 genome, the amplicons were sequenced. 

Results: Listeriaphage 20422-1 and 805405-1 
showed exactly the same sequence ( I 00% identity) 
even thought the phages were isolated in two diff
erent states. In the sequenced regions these phages 
also showed 93-100% indentlty in nucleic acid 
sequence with PI 00, which was Isolated from a 
sewage sample of a dairy processing plant in Germany 
in the late 1990s. 

Signlflcance:The findings suggest a common pool 
of virulent phage that can infect Listeria in different 
plants and different nations. 

Role of Growth Temperature on Freeze
thaw Resistance of Listeria monocytogenes 
REHAAZIZOGLU and Sophia Kathariou, North 
Carolina State University, 338 Schaub Hall Dept. 
of Food Science NCSU, Raleigh, NC 27695, USA 

Listeria monocytogenes is a gram-positive, facultat
ive anaerobic foodborne pathogen that has the ability 
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to grow at refrigeration temperatures. Currently this 

organism accounts for a major fraction of deaths due 

to foodborne illness In the United States. Most out
breaks of listeriosis are associated with bacteria of 
serotype 4b. In many microbial systems, cold shock 

and cold acclimation result in enhanced tolerance of 

the organisms to freezing and thawing. However, few 

studies have focused on cryotolerance in Listeria. In 

this study, we investigated the impact of growth of 

L monocytogenes serotype 4b at refrigeration temp

eratures and at 37'C on tolerance to freeze-thaw 

stress. Strains implicated in major outbreaks, as well 

as strains obtained from the food processing plant 

environment, were characterized. Following growth at 

4'C or 37'C, cells were frozen at -20°C, and repeated 

freeze-thaw cycles were applied every 24 h.After 18 

cycles for 4'C-grown L monocytogenes strains 1403 

and 1450 (epidemic clone ECI and ECII, respectively) 

population reductions were 4.34 + 0.34, and 2.77 + 
0.07 log CFU/ml, respectively. On the other hand, 

when these strains were grown at 37'C the log 

decreases after 18 cycles were only 0.71 + 0.17 and 

0.23 + 0.07, respectively. Other strains of serotype 4b 

and the selected strains of other serotypes also 

showed negative impact of growth at low temperature 

on freeze-thaw tolerance. In addition, we found that 

freeze-thaw tolerance of 37'C -grown cells was signifi

cantly higher in stationary phase bacteria than In bac

teria at logarithmic phases of growth. Although 

increased tolerance to freeze-thaw and other stresses 

In stationary phase cultures has been observed in 
several other systems, the negative Impact of growth 

at low temperature was unexpected, and has not been 

reported before with this or other psychrotrophic 
microorganisms. 

PS-30 Membrane Fatty Acid Modifications of 
Listeria monocytogenes Scott A Biofilms 
Grown at Room Temperature and 4°C 
on Stainless Steel and Polyoxymethylene 
(Delrin®) 

STEFANIE E. GILBRETH, PeterW. Bodnaruk, 

and Tony Putt, Ecolab Inc., 655 Lone Oak Drive, 

Eagan, MN 55121, USA 

Planktonic cells of Listeria monocytogenes have 
been shown to respond to changing growth condi
tions by varying membrane fatty acids that contribute 
to membrane fluidity and allow survival at refrigera
tion temperatures.As bacterial cells alter the fatty acid 
composition of their lipids, factors such as hydropho
bicity and adhesion ability can also be affected.This 
research examined the variations in fatty acids present 
in the cell membrane of L monocytogenes Scott A 
grown in a CDC biofilm reactor on materials 
commonly used in food processing, namely stainless 
steel and the acetal resin, polyoxymethylene (PMO) 

(Delrin®) at room temperature and 4'C.After 
sufficient growth, cells were harvested and fatty acids 

were extracted and analyzed by gas chromatography. 

Statistical analysis of fatty acid profiles displayed 
differences related to both temperature and the 
biofilm attachment surface type. Greatest variation 

was seen on PMO at 4'C, where fatty acids 11 :0, 
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2-OH-12:0, i 16:0 and 2OH- I 6:0 were all present at 

higher concentrations as compared to growth on 
stainless steel. Growth at room temperature on PMO 

resulted in more anteiso-15:0 and iso-15:0 fatty acids 
present in the cell membrane as compared to stainless 
steel; however, at 4'C, there was no difference In 
these two fatty acids on PMO and stainless steel. 
Growth on stainless steel at room temperature 
resulted in a profile with more 16:0 than growth 
at 4'C; however, this fatty acid remained constant 
at these two temperatures when grown on PMO. 
Growth on PMO and stainless steel resulted In higher 
levels of cls-18: 19 except on PMO at 4 °C. Previous 
research has indicated that the use of hydrophobic 
surfaces in cold rooms may minimize the development 

of L monocytogenes biofilms in food plants. The 
changes in fatty acid profiles observed in this study 
may be related to the organism's surface adhesion 
ability and hence its survivability. 

Survival of Surface Attached Listeria 
monocytogenes in Drying Up Stress 
Models 

BIRTE FONNESBECHVOGEL, Cisse Hedegaard 

Hansen, and Lone Gram,Technical University of 

Denmark, Danish lnsitute for Fisheries Research, 

S0ltofts Plads, Bldg. 221, Kgs. Lyngby, DK-2800, 

Denmark 

The presence of Listeria monocytogenes in Ready
to-eat food is caused primarily by contamination by 
persistent strains during processing. We have found 
that one group of genetically similar L. monocytogenes 
strains frequently dominates and persists in several 
fish slaughter and smokehouses. One of the fish 
slaughterhouses harboring this group of L monocyto
genes strains manufactures only during the months of 
October to December.The processing plant is then 

left dry during the remaining nine months after a 

"spring cleaning:• In September 2006, 46 swab and 

sponge samples were collected from the processing 

equipment after nine months without manufacturing. 
Six samples tested positive for L monocytogenes. The 

RAPD types for all positive samples were identical to 
the persistent In-house L monocytogenes RAPD type 

that had persisted in the slaughterhouse since 2002 

and found in each manufacturing season.The fact that 

these strains survived in the dry processing plant 
during the non-manufacturing season may indicate 
they have a remarkable ability to survive under dry 
conditions. In light of this finding, the survival of 

different strains of L monocytogenes of different origin 
(processing equipment, human, culture collection, and 

environment) during dehydration conditions was 
compared. Strains of L monocytogenes were allowed to 

attach to polystyrene microtiter plates or to stainless 

steel coupons, and all survived for months at I S'C at 

low humidity in an exclcator. Cell numbers were 
reduced to approx. 0.1 % during the first 24 h of the 

drying up process (Lm recovered/Lm Inoculated x 
I 00). No differences or minor survival were found 
between strains, and L monocytogenes strains appear 

to have a common ability to survive drying up when 

attached to surfaces.This may partly explain their 
remarkable ability to persist In processing environ
ments. 



D
ow

nloaded from
 http://m

eridian.allenpress.com
/jfp/article-pdf/70/sp1/1/1679800/0362-028x-70_sp1_1.pdf by Sarah D

em
psey on 09 February 2022

PS-32 Survival of Thirteen Listeria mono
cytogenes Strains in a Dynamic Model 
of the Stomach and Small Intestine 

IOANNA M. BARMPALIA-DAVIS, I. Geornaras, 
P.A. Kendall, and J. N. Sofas, Colorado State 
University, Dept. of Animal Sciences, 1171 
Campus Delivery, Fort Collins, CO 80523-1 171, 
USA 

Introduction: Being able to survive passage though 
the human gastrointestinal tract may be linked to the 
ability of Listeria monocytogenes to establish infection. 

Purpose: We examined differences In survival 
among thirteen L monocytogenes strains {Including 
I 0403S and its sigB mutant,A 1-254), representing 
different serotypes ( I /2, I /2a, 4a, 4b) and three 
genotypic lineages, using a dynamic gastrointestinal 
model. 

Methods: L monocytogenes counts were deter
mined (in triplicate; PALCAM, tryptic soy agar plus 
0.6% yeast extract) during the gastrointestinal 
challenge (gastric, for 120 min; Intestinal, for 240 min; 
37°C) following mixing of 4 or 16-h cultures (tryptic 
soy broth without dextrose plus 0.6% yeast extract) 
with artificial saliva. Parameters included gastric 
emptying and gastrointestinal fluid secretion rates, 
gradual gastric acidification (pH reduction to 2.00 
within 88 min), and intestinal pH maintenance (6.50 
± 0.30). Inactivation curves in each gastrointestinal 
compartment were fitted by use of the Baranyi model. 

Results: Initial L monocytogenes counts were 7.0-
8.0 log CFU/ml (4-h cultures) or 8.0-9.0 log CFU/ml 
( 16-h cultures). Strain gastric inactivation rates (log 
CFU/ml/min) ranged from -0.262 ± 0.022 to -0.002 ± 
0.00 I and from -0.221 ± 0.013 to -0.009 ± 0.00 I, for 
4 and 16-h cultures, respectively.Trends In gastric 
survival were similar between 4 and 16-h cultures, 
except for strains N 1-227 (4b, lineage I ),Al-254 ( 1/2a, 
lineage 2), and J 1-158 ( 4b, lineage 3), which exhibited 
greater (P < 0.05) acid-sensitivity as 16-h cultures. 
Differences in gastric survival among strains were 
observed mainly after 120 min of exposure. Counts 
reaching the intestine 30 min after digestion were 5.4 
± 0.4 to 8.1 ± 0.3 log CFU/ml (4-hour cultures) and 
7.0 ± 0.5 to 9.1 ± 0.1 log CFU/ml ( 16-h cultures). 
Intestinal inactivation rates (log CFU/ml/min) were 
-0.016 ± 0.004 to -0.004 ± 0.005 (4-h cultures) and 
-0.021 ± 0.013 to 0.000 ± 0.003 ( 16-h cultures). 
Although strains C 1-056 and Scott A displayed the 
highest acid-sensitivity, levels recovered from the 
intestine were > 5 log CFU/ml, even after the 240-min 
challenge. No serotype or lineage-related trends were 
identified (P <!: 0,05) in this study. 

Signiffcance: Results suggest that L monocytogenes 
levels on a food may affect cell numbers in the 
gastrointestinal tract more than differences in acid 
resistance among strains. 

PS-33 Inactivation of Barotolerant Strains of 
Listeria monocytogenes and Escherichia coli 
0157:H7 by High-pressure andTert
Butylhydroquinone Combination 

YOON-KYUNG CHUNG andAhmedYousef, 
The Ohio State University, Dept. of Food 
Science and Tech., 2015 Fyffe Road, Columbus, 
OH 43210-1007, USA 

lntroduct/on:Antlmlcroblal efficacy of ultra-high
pressure (UHP) can be enhanced by application of 
additional hurdles. Previously, tert-butylhydroquinone 
(TBHQ) was found to sensitize Listeria monocytogenes 
to UHP. To test the feasibility of using this combina
tion in food, synergy between UHP and TBHQ should 
be demonstrated against barotolerant Gram-positive 
and Gram-negative pathogens. 

Purpose:The objective of this study was to 
systematically assess the enhancement in pressure 
lethality byTBHQ treatment, against barotolerant 
strains of Escherichia coli O I 57:H7 and L mono
cytogenes. 

Methods: Listeria monocytogenes Scott A and the 
barotolerant OSY-328 strain, as well as two E. coli 
0 I 57:H7 strains, EDL-933 and its barotolerant 
mutant, OSY-ASM, were tested.TBHQ (50 ppm, 
dissolved in dimethyl sulfoxide, DMSO) was added to 
cell suspensions ( I 09 CFU/ml) in phosphate buffer (0.1 
M, pH 7.0). Samples were pressurized at 200 to 500 
MPa (23 ± 2'C holding temperature) for I min, plated 
on tryptose agar and incubated at 35'C for 48 h to 
enumerate the survivors. 

Results:The UHP-TBHQ combination resulted 
In synergistic Inactivation of both pathogens, with 
different degrees of lethality among strains. A theshold 
pressure should be achieved before bacteria are 
sensitized byTBHQ.This pressure lethality theshold 
for the combination treatment, was lower for E.coli 
0 I 57:H7 (<!: 200 MPa) than for L monocytogenes 
(> 300 MPa). Compared to L monocytogenes, E. coli 
0 I 57:H7 strains were extremely sensitive to the 
UHP-TBHQ treatment. Interestingly, a control 
treatment involving UHP-DMSO combination 
consistently resulted in higher inactivation than that 
achieved by UHP alone, against all strains tested. 
However, sensitization of pathogens to UHP by the 
additives was noticeably greater forTBHQ than 
DMSO. 

Signiffcance: Differences between these two 
pathogens in sensitivities to UHP, UHP-DMSO, or 
UHP-TBHQ treatment may be attributed to discrep
ancies in their cell envelope structure or physiological 
functions. 

PS-34 Determination of Cell Numbers of 
Clostridium botulinum at Which Toxin is 
Detectable in Broth and Foods 

LI MA, Lynne H. Thurber, Chia-Min Lin, and 
Michael P. Doyle, University of Georgia, CFS, 
I I 09 Experiment St., Griffin, GA 30223, USA 

Environmental factors affecting C. botulinum spore 
germination, growth and toxin production are well 
documented. However, the number of C. botulinum 
vegetative cells needed to produce detectable 
botulinum toxin In broth or foods is unknown. The 
objective of this study was to determine the vegeta
tive cell numbers of C. botulinum at which levels of 
botulinum toxin detectable by the mouse bioassay 
are produced In broth and selected foods. Spores of 
two strains each of proteolytic or non-proteolytic 
C. botulinum strains were inoculated into Trypticase
peptone-glucose-yeast broth (TPGY) or mashed 
potatoes for proteolytic strains and canned tuna for 
non-proteolytic strains. Inoculated samples were 
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assayed for C. botulinum cell numbers and botulinum 
toxin production every hour (in broth) or every 2 h 
(in foods) near toxin production times as determined 
previously In preliminary studies. Results revealed that 
C. botu/inum cell numbers were at 6 to 8 log CFU/ml 
or g when toxin was first detected. Spore inoculation 
level (IO v. I 000 spores/ml or g) had little influence on 
cell numbers when toxin was initially detectable; 
however; a longer incubation time was needed for 
spores in the low level inoculum to germinate,grow, 
and produce detectable toxin. Incubation tempera
tures (31 °C vs. 12° or I 5°C) had little influence on cell 
numbers when toxin was first detected.A longer 
incubation time was needed at low temperatures to 
reach detectable toxicity. Proteolytic C. botulinum cell 
numbers were higher in broth than in foods when 
toxin was Initially detected. Longer incubation times 
were needed for foods than broth to reach detectable 
toxicity for both types of C. botulinum strains. Non
proteolytic strains produced toxin at earlier sampling 
times than proteolytic strains, both in broth and 
foods. 

PS-35 Enterotoxigenic Profile of Bacillus cereus 
Strains from Food Origin 

Lina Casale Aragon-Alegro, Graciela Volz Lopes, 

Gabriela Palcich, Mariza Landgraf, and MARIA 
TERESA DESTRO, University of Sao Paulo, 
Faculty of Pharmaceutical Sciences,Av. Prof. 
Lineu Prestes, 580, Bloco 14, Sao Paulo, 05508-
900, Brazil 

Bacillus cereus is an environmentally ubiquitous 
microorganism recognized as a foodborne hazard. In 
Brazil, the incidence of B. cereus outbreaks is unknown 
and there is little Information about its occurence in 
food. This pathogen causes two distinct types of toxin
mediated foodborne illness, known as the diarrheal 
and emetic syndromes. B. cereus can cause diarrhea by 
producing heat-labile enterotoxins during growth of 
vegetative cells in the small intestine. Four different 
enterotoxins have been characterized as diarrheal: 
two protein complexes, hemolysin BL (HBL) and 
nonhemolytic enterotoxin (NHE) and two entero
toxic proteins, enterotoxin T and cytotoxin K.The 
complex HBL is composed of four proteins (B, B', L

1 

and L
2
) transcribed from the genes hblC (encoding½), 

hblD (encoding LI), hblA (encoding B) and hblB 
(encoding B'). NHE complex is produced by nheA, 
nheB and nheC, which encode the proteins NheA, NheB 
and NheC, respectively. In this study, the enterotoxin 
production capacity of 135 strains of B. cereus isolated 
from food products was evaluated using Duopath®; 
Cereus Enterotoxlns (Merck), that uses genes target 
proteins hblC and nheB.AII strains were also tested 
for the presence of the genes hbl (A, B, C and D) 
and nhe (A, Band C) using PCR. HBL was detected 
in 93 (68.9%) strains and NHE In 134 (99.3%) using 
Duopath®. The genes hb/A, B, C and D were found 
in 53.3%, 75.6%, 38.5% and 91.9% of the strains, 
respectively, while the genes nheA, B and C were 
present in 68.9%, 47.4% and 97.8% of the strains, 
respectively. Some differences were found in the 
genetic and toxigenic potential of B. cereus, indicating 
the presence of strains that have the genes but 
do not express them. In summary, the novel Duopath® 
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has been proven to be reliable and very easy-to-use 
test to rapidly detect and analyze enterotoxigenic 
B. cereus from food. Acknowledgment: Merck KGaA. 

PS-36 Resistance Patterns of Staphylococcus 
aureus 8325-4 to Various Stress Condi
tions and Pathogenicity Profiles on 
HEp-2 Cell Lines 

YAMS K.VASIREDDYand Leonard L. Williams, 
Alabama A&M University, 4900 Meridian St., 
Normal,AL 35762, USA 

Staphylococcus aureus is an important major 
pathogen causing a diverse array of threatening 
diseases worldwide. It has resistance toward various 
stresses and was shown to adhere to and invade 
various host cells in vitro.This study was conducted to 
understand resistance patterns of S. aureus to various 
stresses and pathogenicity profiles the in the absence 
of flbronectin in host cells. S. aureus 8325-4 was sub
jected to various stresses by treatment with heat, 
cold, acid, hydrogen peroxide and sodium chloride. 
Stress resistance was analyzed by quantifying the 
population reduction and protein expression profiles 
by 2-D SDS-PAGE. Human larynx epithelial (HEp-2) 
cells were used for bacterial adhesion, and internaliza
tion. Percentage of HEp-2 cell lysis was measured 
using the lactate dehydrogenase (LDH) assay; DNA 
fragmentation assay was used to determine the ability 
of treated Staphylococcus aureus to cause apoptosls, 
and morphological changes were assessed by light 
microscopy. Stress resistance was highest to heat (log 
0.14) and lowest to Hp2 (log 2.6).Approxlmately 292 
proteins could be identified by 2-D SDS-PAGE, having 
acidic proteins in higher ratio.Adhesion and invasion 
was significantly increased in Hp

2 
(log 6.49), acid (log 

5.46) and heat (log 5.32) stresses, but numerically 
higher in cold and NaCl stresses. Varying LDH 
profiles were observed In stress treatments, but after 
24 h, NaCl stress had the highest LDH release (34.8%) 
and heat stress had the lowest ( 18%). No apoptosis 
was observed in HEp-2 cells by DNA fragmentation 
and morphological changes.This study concludes that 
multiple factors of bacteria and host cells may be 
involved in resistence patterns. Further research on 
interacting proteins other than fibronectin and 
flbronectin binding protein is required in order to 
understand the host-microbe interactions of Staph
ylococcus aureus. 

PS-37 Effect of Metabolic Enzymes on Amy
lopectin Content and lnfectivity of 
Cryptosporidium parvum 

ANGELA D. HARTMAN, Robert Williams, 
David Lindsay, Kalmia Knie!, Susan Sumner, and 

Joseph Eifert, GMA/FPA, 1350 I St. Suite #300, 
Washington, D.C. 20005, USA 

Introduction: Amylopectin granules in Api
complexan protozoa could be used as an energy 
source to allow survival in the environment, allow 
latent stages to excyst, release infective stages, and 
Invade host cells to continue their life cycle. 

Purpose: The objective of this research was to 
determine if parasite glycolytic enzymes: (alpha
amylase, amyloglucosidase, enolase, lactate dehydroge-
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nase, phosphorylase) could be used to decrease 
amylopectln stores and subsequently lnfectlvlty of 
Cryptosporidium parvum. In addition, glycolytic enzymes 
and substrates (glucose, glucose- I -phosphate, glycogen 
synthase) were Investigated to determine if they could 
Increase amylopectln stores and lnfectivlty. 

Methods: Oocysts of Cryptosporidium parvum 
were suspended In I mg/ml glycolytic enzymes or 
substrates (except glucose - 0.05 M and glycogen 
synthase - I U/ml) and electroporated.The oocysts 
were incubated at 37°C for one hour and were 
transferred to HCT-8 cells for infection to measure 
infectivlty. Real-time PCR, immunohlstochemlstry, and 
excystation assays were performed to determine the 
effect of enzymes on infectivity/excystation, and 
treatment effects were compared by analysis of 
variance. 

Results: Alpha amylase and amyloglucosidase 
had the greatest impact on amylopectin and reduced 
infectivity by 99.6% and 99.7%, respectively (P < 0.05). 
Amylopectin reduction was correlated with a 
decrease in infectivity and excystation of fresh 
oocysts but did not significantly decrease lnfectivity in 
stored oocysts.When enzymes/substrates were used 
to increase amylopectln, glycogen synthase had little 
effect, but glucose and glucose- I -phosphate signifi
cantly increased amylopectin, excystation, and 
infectivity. 

Signiffcance:Amylopectin may stimulate 
C. parvum lnfectivity due to excystatlon and release 
of infective sporozoites, but additional energy sources 
may be present in dormant oocysts. Further research 
is needed to clarify their role in the processes. This 
work may lead to further research on enzymes that 
can increase or decrease amylopectin as a control/ 
drug target. 

PS-38 The Potential for Pathogen Cross Con
tamination of Foods with Gloved Hands: 
Experiments with Feline Calicivirus as a 
Surrogate for Human Enteric Viruses 
SABAH BIDAWID, Jason Tetro, Franco Pagotto, 
Kirsten Mattison, and Syed Sattar, Health 
Canada, Bureau of Microbial Hazards, Health 
Products and Food Branch, Food Directorate, 
Banting Bldg.,Tunney's Pasture, Ottawa, ON, 
KI A OL2, Canada 

Introduction: Because the United States Food 
Code (§3-301.1 I) prohibits bare hand contact 
of Ready-to-Eat foods to prevent pathogen transmis
sion, the food Industry has adopted the use of gloves 
as barrier protection. Although this may eliminate the 
risk of spread of pathogens through bare hands, the 
possibility of cross contamination of foods via gloved 
hands essentially remains unexplored. 

Purpose:To determine the potential of gloved 
hands in the cross contamination of food contact 
surfaces, using a quantitative and standardized test 
protocol. 

Methods: Each disk ( I cm diameter) of brushed 
stainless steel, representing hard food contact 
surfaces, received IO µL ( ~ 1,000 PFU) of feline 
calicivlrus (FCV) In a soil load.The inoculum was 
touched for IO s at a pressure of 0.5 kg/cm2 with 
either a bare or gloved flngerpad while the inoculum 

was still wet or after it had been allowed to become 
visibly dry. After a time lag of IO s, fingerpads were 
either eluted or placed in contact with a sterile metal 
disk at the pressure and contact time already 
mentioned and eluted. The extent of acquisition and 
transfer was calculated, using plaque assays. 

Results: Neither bare nor gloved flngerpads 
transferred any detectable levels of FCV from the 
disks with dried inocula. In contrast, both gloved and 
bare fingerpads could transfer up to I 00 PFU to a 
clean disk from one with still wet inocula. 

Signiffcance:While gloving by foodhandlers Is 
essential, gloves themselves could readily acquire, 
retain and transfer pathogens. Our testing, closely 
simulating interactions between hands and settings 
where foods are handled, further reinforce this. The 
findings have direct relevance to good food manufac
turing and handling practices and to the education and 
training offoodhandlers. 

PS-39 Construction of Internal Amplification 
Control and RNA Standard for Detection 
of Norovirus by Quantitative Real-time 
RT-PCR 

BLANCA ESCUDERO-ABARCA, Helen 
Rawsthorne, and Lee-Ann Jaykus, North 
Carolina State University, 313 Schaub Hall, 
Raleigh, NC 27695-7624, USA 

For reliable quantitative detection of foodborne 
pathogens by use of molecular amplification methods, 
a synthetic nucleic acid standard and an internal 
amplification control (IAC) must be designed. The 
former is used to standardize the assay, while the 
latter is critical for evaluating potential false negative 
results caused by matrix-associated Inhibitors. This 
study reports the construction of a synthetic RNA 
standard and an IAC to be used in quantitative real
time RT-PCR ( qRT-PCR) for the detection of the 
genogroup (GIi) noroviruses (NoV), important agents 
of acute non-bacterial gastroenteritis. A previously 
reported qRT-PCR method (using primers JJV2F and 
COG2R) which targeted the highly conserved ORF 1-
ORF2 junction of the genome was used.This method 
produced an 87 bp product that was detected with an 
Internal probe (RING2-TP) labeled with 6-carboxy
fluoresceln (FAM) in a TaqMan format.The synthetic 
RNA standard (398 bp) contained the target region 
and was produced by RT-PCR amplification, using a 
forward primer labeled with the T7 promoter for 
production of the standard by In-vitro transcription. 
The IAC (230 bp) was designed by introducing 
diagnostic primer sites as 5' over-hanging ends of the 
NoV GIi amplification primers with complementary 
3' ends to plasmid pUCl9. This produced a DNA 
fragment which could be amplified with the assay 
primers, but the rest of the sequence corresponded 
to pUC 19 rather than to the target. The probe for 
the IAC was labeled with 6-carboxy-hexachloro
fluorescein (TET). Based on the RNA standard, the 
assay detection limit was < 13 RNA copies per 
reaction with a quantitative linear detection range 
from IO 1-105 copies. The IAC could be Incorporated 
into the qRT-PCR reaction without loss of the detect
Ion sensitivity at an optimal concentration of 200 
copies per reaction. The method performs well for 
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the detection of Gil NoV in naturally and artificially 
contaminated clinical and food specimens. The 
approach provides a molecular means of quantitative 
detection of the Gil NoV while simultaneously 
monitoring assay performance. 

Quantitative Evaluation of Human 
Norovirus Persistence in DifferentTypes 
of Water 
SOLANGE E. NGAZOA and Julie Jean, 
Universite Laval, Dept Food Science and 

Nutrition, Comtois Bldg., Room 1406, 
Quebec, QC, GI K 7P4, Canada 

Norovirus (NoVs) are the most commonly Identi
fied foodborne pathogens causing acute gastroenteri
tis. It was clearly shown that several types of food 
commodities may be involved in the transmission of 
No Vs to human. More recently, water has caused 
several NoVs outbreaks. Human NoVs are not grown 
in cell culture, and the use of virus models has not 
completely explained the environmental survival of 
human NoVs. Real-time TaqMan is currently the most 
sensitive method to detect low viral concentration, 
and their application was explored in No Vs clinical 
samples and naturally contaminated shellfish. Further
more, quantitative RT-PCR is a valuable tool for the 
detection of reduced infectivity. In this study, we 
evaluated the persistence of human NoV-GII in several 
spiked water samples, using TaqMan real-time Reverse 
Transcriptlon-PCR and conventional Reverse Trans
criptlon-PCR. Mineral, tap, river and sewage treated 
water samples were inoculated with geno-group II 
No Vs at a final concentration of I 00 RT-PCR 
detectable units and incubated at 4'C, 25'C and 
-20'C. Samples were taken after 30 and I 00 days and 
analyzed for the presence of No Vs by one of the 
molecular methods previously mentioned. NoV was 
shown to persist for two months in mineral and tap 
water for all temperatures tested. However, no 
viruses were detected after I 00 days.At 4'C and 
-20'C, viral inactivation was lower than at 25'C. 
Lower viral reduction was observed at 4'C in river 
and sewage treated water samples after I month. Our 
study clearly shows that NoVs can persist In water 
samples for over 2 months in different environmental 
cond-itions.We have also shown that molecular 
techniques based on real-time amplification and 
detection of target sequences are very reliable for 
the quantification of human NoV. 

Persistence of Hepatitis A Virus on Foods 
and Food Preparation Surfaces 

EFSTATHIA PAPAFRAGKOU, Driss Elhanafi, and 

Lee-Ann Jaykus, North Carolina State University, 

Chemical and Biomolecular Engineering, Raleigh, 

NC 27695, USA 

Human enteric viruses are increasingly recog
nized as the causative agents for a large proportion 
of food borne disease worldwide. Of these, hepatitis A 
virus (HAY) is one of the most epidemiologically 
relevant foodborne viral pathogens.The ability of 
enterlc viruses to survive and persist in foods and in 
the environment most likely contributes to their high 
degree of transmisstbility. In an effort to further 
explore this hypothesis, we initiated a study to 
evaluate the environmental persistence of HAY on 
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common food preparation surfaces (stainless steel, 
ceramic, and formica) and on representative food 
items (lettuce and sliced deli meat) over their 
anticipated shelf lives. Food items were artificially 
inoculated with a stock culture of cytopathic HAY 
strain HM-175 diluted 20% in reconstituted artificial 
feces, followed by storage for up to 2 weeks at 
refrigeration (4°C) and room (22 ± 2'C) tempera
tures. Surface coupons (stainless steel, ceramic and 
formica) were likewise inoculated and held at room 
temperature for up to 6 weeks.At defined time points 
the virus was eluted from the foods or surfaces, 
processed for virus concentration with the Pathatrix'" 
system in conjuction with positively charged magnetic 
beads, and assayed for detection of viral RNA by use 
of quantitative real-time reverse transcription (RT)
PCR. HAY was found to be quite stable for a two 
week storage period on foods, at both ambient and 
refrigeration temperatures. On environmental 
surfaces, there was a slow but pronounced 2-3 log 
reduction in virus titer for six weeks under ambient 
conditions, and the viral RNA remained detectable 
even at the end of the experimental period. The 
findings confirm that HAY is quite environmentally 
stable, a characteristic that likely contributes to its 

transmissibility by foodborne routes. 

PS-42 Growth Phenotypes, Genotypes and Cold 
Adaptation Gene Expression Responses 
in Two Listeria monocytogenes Strains of 
Human and Food-processing Environment 
Origin 

TAURAI T ASARA and Roger Stephan, Institute 

for Food Safety and Hygiene,Winterthu

rerstrasse 272, CH-8057 Zurich, Switzerland 

/ntroduction:The ability of L monocytogenes to 

colonize and proliferate in food environments at low 

temperatures poses a significant challenge to microbial 
control in food products. Therefore, an Improved 
understanding of the growth and gene expression 
responses of L monocytogenes strains in cold stress 
environments might provide some insights Into the 
cold adaptation features of these microbes. 

Purpose:To investigate the growth phenotypes 
and gene expression responses of two L monocyto
genes strains under cold stress Induced by incubation 
at refrigeration temperature at 4'C, 

Methods: Strain Lm 22/3A of human origin and 
Lm 760 from a food-processing environment were 
comparatively evaluated in terms of: 

(i) Growth phenotypes at 4'C 
(ii) Genotypes, using PFGE, REP and ERIC 

PCR, and DNA sequencing 
(iii) Cold adaptation gene expression 

responses 
Results: Compared to Lm 22/3A, the Lm 760 

strain displayed superior cold stress adaptation and 
growth capacity at 4'C, Despite clear differences in 
cold adaptation phenotypes, there were no detectable 
genetic differences between the two strains. Further
more the two strains surprisingly displayed similar 
cold stress dependent expression induction of several 
cold adaptation gene targets (sigB, betL, sigL, cspLA, 
cspLB, CspD and bg/G genes).While in contrast to the 
poor cold adaptation phenotype, cells of the Lm 22/ 

3A strain displayed an even better induction of 
membrane based cold adaptation transporter proteins 
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encoded by the gbuA and oppA genes, the more cold 
resistant Lm 760 strain, on the other hand, mounted 
stronger induction of Important cold adaptation genes 
opuCB, fr/, trxB and pgpH at 4°C compared to the Lm 
22/3A. 

Signif,cance:These data suggest that better 
expression levels of opuCB, fr/, trxB and pgpH genes at 
4'C in Lm 760 may confer cold stress adaptation 
advantages though their increased functional capacity 
under cold stress in this strain compared to Lm 22/ 
3A. 

Growth Characteristics of Listeria mono
cytogenes, Listeria welshimeri and Listeria 
innocua Strains in Broth Cultures and a 
Sliced Bologna-type Product at 4 and 7°C 

Ursina Nufer, Roger Stephan,and TAURAI 

T ASARA, Institute for Food Safety and Hygiene, 
Vetsuisse Faculty University of Zurich, 
Winterthurerstrasse 272, CH-8057 Zurich, 

Switzerland 

lntroduction:The ability of Listeria organisms to 
grow at low temperatures presents a significant 
challenge to food safety, especially with regard to the 
foodborne pathogen L monocytogenes.An improved 
understanding of the contribution of field strain 
diversity in terms of growth responses under food 
related environments is important for more realistic 
predictions of risks associated with food products 
that may become contaminated with different types 
of field strains. 

Purpose:To evaluate the growth characteristics 
in a collection of field Listeria spp. strains of L mono
cytogenes, L. innocua and L welshimeri derived from 
an industrial meat processing plant. 

Methods:The growth of 6 L monocytogenes, 6 
L. welshimeri and 5 L. innocua strains was analyzed in 
BHI broth cultures held at 4'C and 7'C.The growth 
potential in two of the L monocytogenes strains was 
assessed with food challenge tests on regular form
ulation and potassium lactate treated bologna type 
products. 

Results: Significant variations were detected in the 
growth of various field-derived strains of the different 
Listeria species. Some of the L monocytogenes field 
strains displayed better tolerance of the cold stress 
environment characterized by short lag phases and 
faster proliferation to reach high colony counts much 
earlier.These discrepancies were more apparent at 
4'C than at 7'C.These properties were also retained 
in one of the L. monocytogenes food strains in food 
challenge tests on sliced bologna type sausages. 

Signif,cance:These findings further emphasize the 
influence of previous history and strain diversity on 
subsequent growth of L monocytogenes organisms 
under refrigeration temperatures. This stresses the 
need for more evaluation of field strains growth 
behavior and for incorporation of such information 
in relevant predictive growth models for L monocyto
genes risk assessment In naturally contaminated food 
products. 

PS-44 Modeling the Influence of Antimicrobials 
on the Spoilage Microflora of Cooked, 
Cured Meat Product 
MARIOS MATARAGAS,A.Tornaros, 
P. Skandamis, and E. H. Droslnos,Agriculture 
University of Athens, I era Odos 75,Athens, 
Attica I 1855, Greece 

Introduction: Cooked, cured meat products are 
perishable, Ready-to-Eat (RTE) products.Their salt 
content (2%), pH values (6.2-6.4) and water activity 
(0.98-0.99) are not inhibitory to the growth of 
spoilage microorganisms. Lactic acid bacteria (LAB) 
have been identified as spoilage organisms in cured 
meat. Shelf-life prolongation of RTE foods is of 
paramount importance to the meat industry. 

Purpose: To evaluate the feasability of adding 
sodium chloride (NaCl), sodium lactate (SL) and/or 
adding sodium diacetate (SdA} to the batter to 
decelerate LAB growth and to extend the product 
shelf life. 

Methods:A model was developed by using the 
binary logistic regression method to predict the LAB 
growth limits in a sliced vacuum-packaged cooked, 
cured meat product as a function of temperature 
(0 to I 2'C), NaCl (0.5 to 3.5%), SL (0 to 3%) and SdA 
(0 to 0.3%). Fractional factorial Box-Behnken design 
was used to reduce the experimental trials to 140. 
Kinetic behavior of LAB at 4, 8, 12 and I 6'C and at I 0, 
90 and I 00% ( control) probability of growth was also 
studied.Antimicrobials were used during the commer
cial preparation of the batter. To predict the desired 
probabilities of growth, the concentrations of NaCl, SL 
and SdA were obtained from the logistic model. 

Resu/ts:The logistic model demonstrated the 
optimum combination of antimicrobials to inhibit LAB 
growth and to avoid product technological issues that 
could be raised from their arbitrary/empirical addition 
(e.g., pH decrease below 6.0 [SdA] and salty taste 
[NaCl and SL]). Kinetic behavior results showed that 
the product shelf life might increase by 30-40 days. 

Signif,cance:The data suggest that addition 
of antimicrobials to the cooked, cured meat product 
may contribute to product shelf-life prolongation. 

PS-45 Comparison of Hydrostatic and Hydrody
namic Pressure to Inactivate Foodborne 
Viruses 
MANAN SHARMA, Kalmia E. Knie!, A. E. H. 
Shearer, M. Solomon, and D. G. Hoover, Food 
Technology and Safety Laboratory, USDA-ARS
BARC-EAST, Bldg., 20 I, I 0300 Baltimore Ave., 
Beltsville, MD 20705, USA 

Introduction: Viruses cause the majority of cases 
of foodborne illness in the United States. The lack of 
culturability of some foodborne viruses requires the 
use of alternate models, like non-pathogenic surro
gates or bacteriophage, for inactivation studies. High 
pressure technology is currently being implemented in 
deli meat processing and may be an effective method 
to inactivate viruses in foods. 

Purpose: The effect of high hydrostatic pressure 
(HHP) and hydrodynamic pressure (HDP), In combina
tion with chemical treatments, was evaluated for 
inactivation of food borne viruses, non-pathogenic 
surrogates, and bacteriophage in a pork sausage 
product. 
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Methods: One-inch pieces of pork sausage were 
dipped in 2% lactoferrin, I 00 mM EDTA, or water, and 
then inoculated with either 50 µI offeline caliclvirus 
(FCV), hepatitis A virus (HAY) or bacteriophage (MS2, 
fl 74, orT4) and dried. Each piece was packaged 
individually and subjected to pressure by either HDP 
at I 0°C, HHP (500 MPa, 5 min, 4°C), or untreated. 
Viruses or bacteriophage were recovered by vortex
ing and assayed byTCID50 using cell culture or plaque 
assay with E.coli as a host strain. 

Results: An average of 3.2 and 0.8 log HAY and 
2.1 and 1.0 log FCV was inactivated by HHP and HDP, 
respectively.There was no significant difference in 
virus inactivation based on dipping in lactoferrin, 
EDTA, or water. There were no differences in 
inactivation of bacteriophage due to pressure 
treatments. HHP reduced fl 74 by 1.9 and 1.0 log 
PFU/g sausage after dipping in water and lactoferrin, 
respectively. No other combination of pressure and 
chemical treatments reduced bacteriophage titers by 
more than I log PFU/g sausage. 

Significance: This study is the first to directly 
compare the inactivation of viruses and bacteriophage 
by two pressure processes (HHP and HDP). Inocula
tion of viruses and bacteriophage on a meat product 
may have protected them from higher levels of 
inactivation by pressure treatments. 

A High Pressure Processing Inactivation 
Model for Hepatitis A Virus 

STEPHEN F.GROVE,Alvin Lee,Cynthia M. 
Stewart, and Tom Ross, University of Tasmania, 
Food Science Australia, Private Bag 16, 
Werribee,VIC 3030, Australia 

Introduction: Hepatitis A virus (HAY) causes acute 
Infectious hepatitis in humans and has been Implicated 
in a number of widespread outbreaks, particularly 
from the consumption of raw shellfish (e.g., oysters). 
The commercial success of applying high pressure 
processing (HPP} to improve food safety and quality 
while extending shelf life has generated interest in the 
effectiveness of HPP in eliminating viral contamination 
from shellfish. 

Purpose:The purpose of this study was to develop 
an HPP inactivation model for HAY and evaluate the 
model in oyster meat artificially inoculated with HAY. 

Methods: HAY suspended in buffered media 
containing either 15 or 30 parts per thousand (ppt) 
NaCl was subjected to pressures between 300 and 
500 MPa at ambient temperature (approximately 
I 8-20°C) for treatment times between 60 s to 600 s. 
Weibull and log-linear models were fitted to inactiva
tion data, and the most appropriate model was 
evaluated by treating HAY artificially inoculated into 
Pacific oyster (Crassostrea gigas) homogenate, adjusted 
to 15 or 30 ppt NaCl, with HPP. 

Results: Greater sensitivity to HPP was observed 
at 15 ppt NaCl than at 30 ppt NaCl. HAY was undet
ectable (3.5-log10 TCID5/ml reduction to < I .47-
TCID5/ml) within 300 s and 360 s treatment at 500 
MPa at 15 ppt and 30 ppt, respectively. 

The Weibull model provided the better fit than 
the log-linear model to inactivation data for individual 
pressure/salinity treatments, but the fitted curve 
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shapes were qualitatively inconsistent between treat
ments making interpolation between pressures diffi
cult and unreliable. Assuming log-linear inactivation 
enabled a model to be developed that could describe 
the entire data set including interpolation between 
specific treatment conditions. The log-linear model 
was evaluated using HAY-inoculated oyster homo
genates, providing generally fail-safe predictions at 
pressures 2=375 MPa. 

Significance:The log-linear model developed may 
be useful for oyster processors intending to use HPP 
as an intervention process. 

Inactivation of Cycfospora Surrogate on 
Produce byTwo NonthermalTreatments 

KALMIA E. KNIEL,Adrienne E. H. Shearer, 
Jennifer L. Cascarino, Gary Wilkins, and Mark C. 
Jenkins, University of Delaware, 044 Townsend 
Hall, 531 South College Ave., Newark, DE 19716, 
USA 

lntroduction:The protozoa Cyclospora cayetanensis 
has caused many cases of gastroenteritis in humans. 
Of specific interest are the cases in the US and 
Canada associated with contaminated raspberries and 
basil. Cyclospora infects only humans, making it difficult 
to obtain and a laboratory health hazard; therefore, 
the related poultry protozoa Eimeria acervullna was 
used as a surrogate. 

Purpose: Ultraviolet light (UV) and high hydro
static pressure (HHP) are both safe technologies with 
potential for use on raspberries and basil in packing 
houses, in the field, and in retail. Their effectiveness 
on E. acervulina oocyst inactivation was assessed by 
use of a live bird assay. 

· Methods: Raspberries and basil were individually 
inoculated with sporulated E. acervulina oocysts at a 
high ( I 06) and low ( I 04) dose. Inoculated and control 
produce were treated with UV (up to 160 mW/cm2) 

or HHP (550 MPa). Oocysts were recovered from 
produce and fed to 3 wk old Sex-Sal male chickens, 
which were scored for weight gain, oocyst shedding, 
and lesions. Control birds were sham inoculated. 

Results: Oocysts exhibited enhanced excystation 
on raspberries but not on basil, perhaps an indication 
of enhanced infectivity. Oocysts on raspberries 
treated with 160 mW/cm2 showed reduced infection, 
while oocysts alone yielded no lesions. These birds all 
had healthy weight gain but shed oocysts. HPP 
treatment (550 MPa, 2 min, 4°C) of basil completely 
inactivated oocysts, and birds fed treated raspberries 
showed no clinical signs of infection. The lnoculum 
level is important, as birds fed raspberries and basil 
inoculated with I 04 oocysts treated with HHP were 
completely asymptomatic and those fed basil with I 06 

oocysts treated with HHP shed oocysts. 
Significance: This study suggests that UV light and 

HHP may be ways to treat produce at risk for 
Cyc/ospora contamination. Both treatments yielded 
healthy animals; however, HHP was more effective, as 
observed in studies using high lnoculums. 
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Putative Innovations in Extraction of 
Genomic DNA of Lactic Acid Bacteria 

TERESA M. BRAGA, Fatima Lopes,Teresa 
Crespo,Ana Gomes, and Xavier Malcata, Escola 

Superior de Biotecnologia, Rua Dr Antonio 
Bernardino de Almeida, Porto, 4200-072, 

Portugal 

Assessment of safety criteria encompassing 
bacteria at large - and probiotic bacteria in particu
lar-includes screening for virulence factors, which 
Includes DNA extraction as a crucial step. Cell wall 
lysis is a key stage therein; In the case of some Lactic 
Acid Bacteria (LAB), including probiotic ones, it may 
even become critical, likely because of the S-layer and 
O-acetylated MurNAc residues of their constituent 
peptidoglycans.Thls report encompasses a protocol 
for DNA extraction from LAB, especially from the 
genera Laetobacil/us and Bifidobaeterium, in which the 
combined effects of lysozyme and mutanolysin permit 
high concentrations of clean DNA to be attained in 
a short period of time. Twenty-two (potentially pro
biotic) LAB strains were tested in this study: 16 
Laetobacillus, 5 Bifidobacterium and I Laetococcus. Upon 
extraction of DNA following the novel protocol, its 
concentration was measured, using an Ultraspec 2100 
pro UVNisible spectrophotometer; DNA was also 
observed via electrophoresis on I% agarose gel, 
where bands were visualized with ethidium bromide 
under UV irradiation, which permitted one to 
conclude that the DNA obtained was clean.The 
average concentrations of DNA obtained were 4826 
mg/ml for lactobacllll, 5204 mg/ml for bifidobacteria 
and 9082 mg/ml for /actococcus.The proposed method 
allows good extraction of genomic DNA, with high 
yields, and although the protocol does not include a 
purification step, the DNA obtained is essentially 
clean. 

Use of Molecular Typing for Classification 
of Environmental Isolates of Penicillium 
spp. 
Suzanne Jordan, Robert Limburn, Patricia 
Anslow, Phil Voysey, and ROY BETTS, Campden 

and Chorleywood Food Research Association, 
Station Road, Chipping Campden, 
Gloucestershire, GLSS 6LD, UK 

lntroduction:The peniclllia are ubiquitous within 
the environment and have been isolated from a 
diverse range of food types in which they lead to 
product spoilage. Spoilage is one of the key issues 
faced by the food industry in terms of product 
wastage and its associated financial losses.To date, 
most of the molecular analysis of molds has been 
performed with clinically relevant organisms, and this 
study will analyze the use of DNA-based typing 
method for food related Isolates. 

Purpose:To evaluate a molecular-based typing 
method for Penicillium spp. food and environmental 
isolates. 

Methods: DNA extracted from a selection of 
phenotypically related and unrelated Penicillium spp. 
isolates was amplified by use of a mold specific primer 
set. and the resulting products were resolved using 
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chip-based electrophoresis. The fragment patterns 
generated were analyzed to determine the relatedness 
of Isolates, using Pearson correlation. 

Results: Data from this study demonstrated that 
molecular typing can be used to cluster isolates with 
similar phenotypic characteristics, giving similarity 
scores of 97.2-99.3%. The profiles showed a wide 
diversity among the penicillia, with significant differ
ences in the fragment patterns, which was also 
reflected in the similarity scores, which were as low 
as 50.2%. 

Significance:The results indicate that molecular 
typing has the potential to be used for Penicillium spp. 
isolated from foods and the processing environment. 

Detection and Enumeration of Microor
ganisms in Ready-to-Eat Foods, Ready
to-Cook Foods and Fresh-cut Produce 
in Korea 

Chang-Min Kim, MYUNG-SUB CHUNG, Hang
Min Kim, Dong-Soo Lee,Won-Young Choi, and 
Sang-Do Ha, Korea Health Industry Develop

ment Institute, 57-1 Noryangjin-Dong, Dongjak
Ku, Seoul, I 56-050, South Korea 

This study was executed to investigate levels 
of total aerobic plate count (APC), coliforms and 
various pathogens in convenience foods such as 
Ready-to-Eat foods (RTE), ready-to-cook foods (RTC), 
and fresh-cut produce (FCP) in Korea.A total of 244 
samples, consisting of 145 RTE samples, 39 RTC 
samples, and 60 FCP samples were purchased from 
supermarkets in six different provinces. The levels 
of APC in RTE varied between 1.9 ~7.8 log CFU/g, 
whereas the levels in RTC and FCP were in the range 
of 6.3 ~8.1 log CFU/g. Even though coliforms were 
not detected in approximately 50% of samples, the 
remaining samples were contaminated by coliforms 
up to 5 log CFU/g. E.coli was the most frequently 
detected microorganism in convenience foods, 
followed by Staphylococcus aureus. Salmonella spp. and 
Listeria monocytogenes were detected in only one 
sample and Vibrio parahaemolyticus was not detected in 
any samples.These results showed that convenience 
foods such as RTE, RTC, FCP could be contaminated 
by various pathogenic bacteria in Korea. Therefore, 
precautionary measures are necessary for consumer 
protection, such as improving the sanitary condition 
of the processing plants of RTE foods, RTC, and FCP 
foods in Korea. 

Survival of Bif,dobacterium adolescentis 
I S703T in Uncoated Gelatin and 
Alginate-coated Gelatin Microspheres 
during Exposure to Simulated Gastro
intestinal Conditions 

Nana T.Annan,Antonela Borza, and LISBETH 
TRUELSTRUP HANSEN, Dalhousie University, 

Food Science, Dept. of Process Engineering and 
Applied Science, 1360 Barrington St. D-321, 
Halifax, NS B3K 4Y3, Canada 

Survival of the fastidious probiotlc bifidobacteria 
in food products and during exposure to the acidic 
upper part of the gastrointestinal tract can be 
problematic and negatively affect the delivery of these 

Journal of Food Protection Supplement A - 240 
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health promoting bacteria to the consumer. In this 

study, uncoated gelatin and alginate-coated gelatin 

micro-spheres were produced to encapsulate the 

problotic Bi(,dobacterium adolescentis 15703T in an 

attempt to enhance survival. Alginate coating of 
gelatin mlcrospheres was obtained by two methods 
using cross linking of alginate by either external ca•2 

or internal ca•2 diffusion methods. Microsphere sizes, 

encapsulation yields of cells and confocal laser micro

scopy images of coated and uncoated microspheres 

were obtained.The survival of free and encapsulated 

cells was determined in simulated gastric juice and 
during sequential incubation in simulated gastric and 

Intestinal juices. Confocal laser microscopy revealed a 

thin uniform alginate coating along the periphery of 

the gelatin matrix. Microsphere sizes (49.0-53. I µm) 

were consequently not significantly (P > 0.05) different 

while encapsulation yields ranged from 30-43%. After 

120 min in simulated gastric juice, free cell counts 
decreased by 3.45 log (CFU/ml) units compared to 
decreases of 2.55, 1.75 and 1.21 log units for gelatin 

microencapsulated cells in uncoated, alginate-coated 

by internal and external Ca•2 sources, respectively. 

Sequential incubation in simulated intestinal juice after 

60 min in simulated gastric juice resulted In the 

disintegration of the alginate coating at the neutral pH 

of the intestinal juice. Reduction In viable numbers of 

released bacteria indicated sensitivity to the presence 

of bile salts in the simulated intestinal juice.Alginate 

coated microspheres achieved higher surviving 

numbers of cells after 240 min in simulated Intestinal 

juice, I 07
·
6 and I 07.4 CFU/ml by external and Internal 

Ca•2 sources, respectively, while I 06.4 and I 06·7 CFU/ml 

were obtained for free cells and uncoated gelatin 

encapsulated cells, respectively. In conclusion, micro

encapsulation in alginate-coated gelatin microspheres 

significantly improved survival of B. adolescentis during 

exposure to simulated gastrointestinal conditions. 

pH Contribution in the Evaluation 
of Quorum Sensing in Milk 

C. Michaelidis,V. Stergiou, D. M. Kagkli, and 

GEORGE-JOHN E. NYCHAS,Agricultural 

University Athens, Lab of Microbiology & 
Biotechnology of Foods, 75, lera Odos str, 

Athens,Attiki I 1855, Greece 

Introduction: The occurrence of autolnducers 
(e.g.,AHL) or autoinducer-like compounds in foods 
during storage and their potential role in spoilage have 

been only recently questioned in the literature.The 

contribution of Gram-negative bacteria in the spoilage 
of high pH products (e.g., meat, milk) is of great 
importance, and so far the role of the above 
mentioned substances is not fully understood. 

Purpose: The current study aims to (I) make an 

initial qualitative assessment of raw, pasteurized and 

UHT milk, by correlating the levels of microflora in 
milk with the type of the AH Ls detected in cell-free 

milk supernatants and to (2) provide further informa
tion regarding the behavior of AH Ls and intrinsic 

factors that occur during storage. The influence of pH 
on the biological activity of AHLs was investigated. 

Methods: The levels of total viable counts, 
Enterobacteriaceae and pseudomonads were assessed 

for raw, pasteurized and UHT milk, while the occur-

241 - Journal of Food Protection Supplement A 
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rence of Quorum sensings in cell-free milk superna

tants (CFMS) was detected by use of Agrobaeterium 
tumefaciens A I 36 and Chomobacterium violaceum 
CV026 reporter strains.The effect of pH on the 
stability of AHL-like compounds was also investigated 

in CFMSs and pure cell free cultures of A. tumefaciens 

KYC6 and C. violaceum 31532 producer strains. 
Results: The A. tumefaciens but not the 

C. violaceum responded to CFMS in all milk types 

regardless of fat concentration and heat processing. 
The effect of the pH on Quorum Sensing compounds 

(e.g.,AHL) was significant with both reporters and 
occurred only after the acidification of CFMS samples 

for a certain time period (ca 4 h). 
Significance: By understanding the factors affect

ing the properties of certain AH Ls compounds in food 

systems, specific autoinducer Inhibitors could be used 

on food preservation. 

Determination of Surrogate Organisms 
for Listeria monocytogenes Treated with 
Ultra-high Pressure and Pulsed-electric 
Field 

JOY G. WAITE, Beatrice H. Lado, and Ahmed 

E.Yousef,The Ohio State University, 2015 Fyffe 

Court, Columbus, OH 43210, USA 

Ultra-high pressure (UHP) and pulsed-electric 

field (PEF) are promising alternative processing tech
niques that are being optimized to enhance safety and/ 

or shelf stability of treated food. It is crucial to 
recognize the pathogens of concern (targeted patho

gens) for food treated with these technologies. 
Additionally, it is equally important to identify low-risk 

surrogate microorganisms that can be used in lieu of 
the targeted pathogens in food processing facility.The 

objective of this study was to determine appropriate 

surrogate organisms for Listeria monocytogenes for 
UHP and PEF processing. Candidate surrogates tested 

include four Lactobaci/lus spp., a Pediococcus sp. and a 

Listeria innocua strain. Candidate surrogates and nine 

L. monocytogenes strains were treated with UHP and 

PEF and processing sensitivity of these microorgan

isms was determined. For UHP, strains were sus

pended in 0.1 % NaCl or citrate-phosphate buffer (pH 

7.0 or pH 4.5) and processed at 500 MPa with a 

holding time of I minute. For PEF, each strain was 

suspended in 0.1 % NaCl or 50% acid whey and was 

individually processed with a continuous PEF appara

tus at 25 kV/cm. Inactivation by PEF and UHP was 

strain-dependent and varied with media composition 

and pH. Pressure treatments of L monocytogenes 

strains suspended In 0.1 % NaCl Inactivated 3.8 to 6.0 

log CFU/ml, whereas treatment In citrate-phosphate 

buffer (pH 7.0) Inactivated 0.3 to 2.0 log CFU/ml only. 

When PEF-processed in 0.1 % NaCl at 23'C, L. mono
cytogenes populations decreased 0.7 -5.3 log CFU/ml. 

Listeria monocytogenes V7 and OSY-8578 were among 

the most resistant strains to both UHP and PEF 

treatments and would be Ideal target organisms. 

Listeria innocua and L plantarum were similar to the 
target organisms In resistance to UHP and PEF 
treatments and would be good surrogate organisms 

for both processes. In the case of UHP, a Pedlococcus 

sp. was the most resistant bacterium tested, with 
< 0.25 log Inactivation. 
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Carriage of Escherichia coll O 157 by 
European Starlings 

JACOB KERN, Michael Kauffman, and Jeffrey 
Lejeune, The Ohio State University, Food Animal 
Health Reserach Program, 1680 Madison Ave., 
Wooster, OH 44691, USA 

lntroduet/on:The sources of novel strains of 
Escherichia coli O 157 on closed dairy herds and on 
vegetable production sites are unknown. Wild birds, 
particularly European Starlings (Sturnus vulgarls), are 
known to frequent farms and can carry E.coli O 157 
and other foodborne bacterial pathogens. 

Purpose:The objective of this study was to 
determine (I) the minimum Infectious dose required 
for E.coli O 157 to colonize starlings; (2) the duration 
of E.coli O 157 shedding by starlings; and (3) the 
magnitude of E. coli O 157 shedding by starlings. 

Methods:Wild-caught European starlings were 
Individually housed and orally inoculated with various 
doses of E.coli O 157. E.coli O 157 present in the 
excrement of individual birds was determined by 
quantitative culture methods. 

Results: Birds that were given I 04 or less CFU 
(n = 30) shed the organisms for less than three days, 
whereas birds dosed with 105 or more CFUs (n = 20) 
excreted the organisms for IO days. The average 
magnitude of E.coli O 157 among positive birds, 3 log 
CFU/g, did not differ with inoculum dose. The con
centration of E. coli O 157 in bird guano stored at 
room temperature decreased by 2-log units over a 
2-week period, E.coli O 157 was transferred between 
starlings and calves following cohabitation for one day. 

Significance: European starlings can readily acquire 
E.coli O 157 from bovine sources and subsequently 
serve as a vector for dissemination of this pathogen 
to other livestock operations and to crops. 

Microbiological Analysis of United States 
Currency Collected from Food Service 
Establishments 

BRANDON KINLEY,Amanda Leland,and 
Xiuping Jiang, Clemson University, 97 Heritage 
Riverwood Drive Apt. N., Central, SC 29630, USA 

Introduction: Money changes hands frequently. 
Several studies have revealed the microbial contami
nation of both dollar bills and coins. The contami
nated money handled by cashiers in food establish
ments may transmit foodborne pathogens to food 
products or consumers. 

Purpose: This study determined the contamina
tion levels of US dollar bills with potential foodborne 
pathogens such as Escherichia coli, Salmonella, Bacillus 
cereus, and Staphylococcus aureus, and their antibiotic 
susceptibility as well. 

Methods: Ten $5 and $20 bills were collected 
from each of six locations (3 grocery stores and 3 
restaurants). Bacterial enumeration was conducted 
using the pour-plate method. For specific pathogen 
detection, each sample was incubated in enrichment 
broth overnight at 35°C.A loopful of enrichment 
culture was streaked onto MacConkey agar, Bacillus 
selective agar, and Baird Parker agar with potassium 
tellurite and egg yolk for detection of E. coli/coliforms, 
B. cereus, and S. aureus, respectively.The standard FDA
BAM procedures were followed for Salmonella 
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detection.All suspected pathogenic Isolates were 
gram-stained, and they were then tested for antibiotic 
susceptibility on trypticase soy agar (TSA)/ciprofloxa
cin (4 µg/ml),TSA/tetracycline ( 16 µg/ml), and TSAI 
penicillin (4 µg/ml). 

Results: The average total bacterial counts for 
$5 and $20 bills were 4.03 x I 03 and 2.41 x I 03/bill, 
respectively. B. cereus, S. aureus, Salmonella, and E.coli/ 
coliforms were positive In 28.3, 31.6, 13.3, and 31.7% 
of $5 bills, respectively, and in 21.7, 30, 40, and 43.3% 
of $20 bills, respectively. Further antibiotic suscepti
bility tests revealed that about 58.3, 3.6, 0, and 1.5% 
of B. cereus, S. aureus, Salmonella, and E.coli isolates, 
respectively, were resistant to tetracycline. Over 90% 
of all above isolates were resistant to penicillin, but 
only S. aureus isolates showed resistance to cipro
floxacln. 

Significance: Our data indicate that money serves 
as a source of microorganisms and can potentially aid 
in the transmission of harmful bacteria to food 
products and consumers. 

Microbiological Quality of Pork Meat from 
Mexican Supermarkets 

Luisa Solis, Norma Heredia, SANTOS GARCIA, 
Rocio Amador, Sagrario Garda, and Rodolfo 
Puente, Facultad de Ciencias Biologicas, 
Universidad Autonoma de Nuevo Leon,Apdo. 
Postal 124-F, San Nicolas, NL 66451, Mexico 

Introduction: Microbiological contamination of 
meat products is undesirable, and mishandling can 
occur at any point in the food chain.The presence or 
proliferation of any pathogen presents an important 
risk for the consumer. 

Purpose:This study was conducted to investigate 
microbiological quality and the presence of several 
pathogens in retail fresh pork meat. 

Methods:A total of one hundred and fifty samples 
of raw pork meat were purchased from local super
markets in the city of Monterrey N.L. Mexico and the 
metropolitan area from January to November 2006. 
All samples were examined for mesophiles, total 
coliforms, fecal collforms, molds and yeasts, and the 
presence of several pathogens, such as Salmonella spp., 
Staphylococcus aureus, Campylobaeter spp., Escherichia 
coli O I 57:H7, Listeria spp., Yersinia spp., Shigella spp. and 
C/ostridlum perfringens.The presence of Salmonella spp., 
L monocytogenes and S. aureus in foods was deter
mined by use of the Mexican Official Methods, 
whereas for the other bacteria, the Bacteriological 
Analytical Manual (BAM) protocols were used. 

Results: More than 80% of the samples had less 
than I 04 CFU/g mesophiles. Seventy-five percent of 
the samples had less than I 03 CFU/g coliforms and 
90% contained less than I 03 CFU/g fecal coliforms. 
Eleven raw pork meat samples were contaminated 
with, S. aureus (7.3%), 15 had Salmonella spp. ( I 0%), 6 
had Campylobaeter spp. (3.3%), 14 had E.coli O I 57:H7 
( 13.3%), 48 had Listeria spp. (32.6%), 38 had Yersinia spp. 
(25%), 3 had Sh/gel/a spp. (2%) and 24 had C/ostridium 
perfringens ( 16%). Six samples were contaminated with 
4 different pathogens. 

Significance: Pathogens were present in a con
siderable number of commercial raw meat samples. If 
improper cooking or handling occurs, this could be a 
source of Infection for consumers. 

Journal of Food Protection Supplement A - 242 
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PS-57 Microbiological Evaluation of Infant 
Bottles Used for Feeding Powdered 
Formula: Implications for Enterobacter 
sakazakii 

ELIZABETH C. REDMOND, Christopher 
j. Griffith, and Steven Riley, University of 

Wales Institute-Cardiff, Food Research and 

Consultancy Unit, Western Ave., Cardiff, 

Wales CF52YB, UK 

Introduction: Microbial contamination of powder
ed infant formula (PIF) with bacteria such as Entero
bacter sakazakii has been known to cause a relatively 
rare but often fatal infection in neonates. This has 
implications both for the quality assurance procedures 
during PIF manufacture and subsequent preparation 
and storage by end users; another potential source 
could be incorrectly cleaned bottles used to hold PIF. 

Purpose: The aim of this study was to evaluate 
the cleanliness and microbial load of"in-use" bottles 
in relation to how they are cleaned and sterilized. 

Methods:To establish the baseline microbial 
contamination of"used" plastic feeding bottles, I 00 
uncleaned bottles and I 00 sterilized bottles used for 
feeding PIF to infants aged < 6 months with PIF were 
obtained from parents and nurseries. Each bottle was 
sampled in 4 sites (inner screwcap, bottle interior; 
bottle outer rim, teat interior) to determine aerobic 
plate counts (APC), Enterobacteriaceae and S. aureus 
counts and levels of residual adenosine triphosphate 
(ATP). 

Resu/ts:APC counts (n = 400) from uncleaned 
bottles ranged from 4.0 x I 02 to 2.9 x I 05• Counts 
of < 1.0 x I 02 Enterobacteriaceae were isolated from 
< 7% of bottles and no S. aureus was identified. Micro
bial counts were variable according to sampled bottle 
site.ATP values for screwcap Interiors were as high as 
20,188 relative-light-units (RLUs), whereas outer rims 
attained a maximum of 2486 RLUs. Teat and screwcap 
interiors were the most heavily contaminated sites 
sampled. Data indicates that after use there was 
considerable microbial and organic soil remaining in 
the bottles. Of the bottles reportedly cleaned and 
sterilized by parents/nurseries, some had In excess of 
7.5 x I 04 APCs; no Enterobacteriaceae or S. aureus were 
detected;ATP values up to 1535 RLUs were obtained. 
Contamination was most frequently detected from 
the screwcap and teat interiors, whereas bottle 
interiors were least likely to be contaminated. 

Significance: Results cumulatively indicate the 
presence of organic soiling and the potential for cross 
survival of bacteria between infant feeds.This high
lights the need for education on effective bottle 
decontamination procedures. 

PS-58 Microbial Analyses of Fungi in Cereal Bars 

SILVANA M. SREBERNICH, M. M.S. R. Soares, 

and M. M. Concon, Pontiflcia Universidade 

Cat6lica de Campinas, Nutrition College, Rua 

Pedreira, 309, Campinas, Sao Paulo 13050-544, 

Brazil 

Introduction: Cereal bars are products accepted 
and consumed worldwide by individuals of different 
ages for the most diverse purposes. However, due to 

243 - Journal of Food Protection Supplement A 

the high level of cereals in its composition, fungi can 
grow and produce mycotoxins that can be carcino
genic. 

Purpose:To verify the presence of fungi In 
reduced-calorie and regular cereal bars and indentify 
any fungi in the samples. 

Methods:The experiments were carried out in 
duplicates using 20 cereal bars (IO reduced calorie 
and IO light) of IO different brands from the Brazilian 
market.The samples were diluted and incubated for 3 
to 5 days at 25°C in potato dextrose acidified agar 
(PDA) medium.After incubation, counting of the CFU/ 
g and identification though the morphophysiological 
analysis of each isolated colony of fungus, using classic 
microbiological techniques of Identification, were 
performed. 

Results: It was verified that 4 samples of IO for 
both types of bar (reduced calorie and regular) pre
sented some contamination by six different species of 
fungi.The contaminations varied from 1.7 to 3.2 log 
CFU/g and from 2 to 3.9 log CFU/g for reduced 
calorie and regular cereal bars, respectively. The fungi 
Penicillium sp. and Aspergillus sp. were identified in 50% 
and 12.5% of the contaminated samples, respectively, 
while the yeast Candida sp. was found in 37.5% 
of the samples. Also identified were Rhizopus spp., 
Cladosporium spp. and Mucor spp. 

Signi(tcance:The detection of six different species 
of fungi in cereal bars indicates that improvement in 
the quality control of these foods Is necessary, mainly 
because of the presence of Aspergi//us spp. and 
Pen/c/1/ium spp., which, because of their ability to 
produce mycotoxins have carcinogenic potential. 

PS-59 Incidence of Listeria in Rural Home 
DSC Environments with and without 

Ruminant Animals 

MAWILL RODRIGUEZ-MARVAL, lfigenla 

Geornaras, Patricia Kendall, Lydia Medeiros, 

Jeff Lejeune, and john N. Sofos, Colorado State 

University, 9 Animal Science Bldg., 
Fort Collins, CO 80523-1 171, USA 

lntroduction:A major portion of foodborne 
disease cases may occur at home, but research 
examining the home environment as a source of 
pathogens, such as Listeria monocytogenes, is limited. 
It would be useful to evaluate differences in pathogen 
prevalence between homes with and without 
ruminants, since ruminants may be L monocytogenes 
carriers. Such knowledge could be used to provide 
consumers with recommendations for proper cleaning 
and food handling. 

Purpose:The objective of this study was to 
determine L monocytogenes incidence in household 
environments of residents with/without direct contact 
with ruminants or their environment, and to correlate 
its presence with household type and environmental 
variables. 

Methods: Fifty-four Colorado households (27 
each with and without ruminants) were visited every 
3-4 weeks in January-June 2006 (four visits each). 
During the first visit, observations of kitchen and 
refrigerator cleanliness were recorded, and partici
pants were surveyed about eating and food-handling 
habits.At each visit, environmental (refrigerator, 
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Carriage of Escherichia coll O 157 by 
European Starlings 

JACOB KERN, Michael Kauffman, and Jeffrey 
Lejeune, The Ohio State University, Food Animal 
Health Reserach Program, 1680 Madison Ave., 
Wooster, OH 44691, USA 

lntroduct/on:The sources of novel strains of 
Escherichia coli O 157 on closed dairy herds and on 
vegetable production sites are unknown. Wild birds, 
particularly European Starlings (Sturnus vulgaris), are 
known to frequent farms and can carry E.coli O 157 
and other foodborne bacterial pathogens. 

Purpose:The objective of this study was to 
determine (I) the minimum Infectious dose required 
for E. coli O 157 to colonize starlings; (2) the duration 
of E.coli O 157 shedding by starlings; and (3) the 
magnitude of E.coli O 157 shedding by starlings. 

Methods:Wild-caught European starlings were 
Individually housed and orally inoculated with various 
doses of E.coli O 157. E.coli O 157 present in the 
excrement of individual birds was determined by 
quantitative culture methods. 

Results: Birds that were given I 04 or less CFU 
(n = 30) shed the organisms for less than three days, 
whereas birds dosed with I 05 or more CFUs (n = 20) 
excreted the organisms for IO days. The average 
magnitude of E.coli O 157 among positive birds, 3 log 
CFU/g, did not differ with inoculum dose. The con
centration of E.coli O 157 in bird guano stored at 
room temperature decreased by 2-log units over a 
2-week period. E.coli O 157 was transferred between 
starlings and calves following cohabitation for one day. 

Significance: European starlings can readily acquire 
E. coli O 157 from bovine sources and subsequently 
serve as a vector for dissemination of this pathogen 
to other livestock operations and to crops. 

Microbiological Analysis of United States 
Currency Collected from Food Service 
Establishments 

BRANDON KINLEY, Amanda Leland, and 
Xiuping Jiang, Clemson University, 97 Heritage 
Riverwood Drive Apt. N., Central, SC 29630, USA 

Introduction: Money changes hands frequently. 
Several studies have revealed the microbial contami
nation of both dollar bills and coins. The contami
nated money handled by cashiers in food establish
ments may transmit foodborne pathogens to food 
products or consumers. 

Purpose: This study determined the contamina
tion levels of US dollar bills with potential foodborne 
pathogens such as Escherichia coli, Salmonella, Bacillus 
cereus, and Staphylococcus aureus, and their antibiotic 
susceptibility as well. 

Methods: Ten $5 and $20 bills were collected 
from each of six locations (3 grocery stores and 3 
restaurants). Bacterial enumeration was conducted 
using the pour-plate method. For specific pathogen 
detection, each sample was incubated in enrichment 
broth overnight at 35'C.A loopful of enrichment 
culture was streaked onto MacConkey agar, Bacillus 
selective agar, and Baird Parker agar with potassium 
tellurlte and egg yolk for detection of E. coli/coliforms, 
B. cereus, and S. aureus, respectively.The standard FDA
BAM procedures were followed for Salmonella 
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detection.All suspected pathogenic Isolates were 
gram-stained, and they were then tested for antibiotic 
susceptibility on trypticase soy agar (TSA)/ciprofloxa
cin ( 4 µg/ml), TSA/tetracycline ( 16 µg/ml), and TSAI 
penicillin (4 µg/ml). 

Results: The average total bacterial counts for 
$5 and $20 bills were 4.03 x I 03 and 2.41 x I 03/bill, 
respectively. B. cereus, S. aureus, Salmonella, and E. coli! 
coliforms were positive In 28.3, 31.6, 13.3, and 31.7% 
of $5 bills, respectively, and in 21.7, 30, 40, and 43.3% 
of $20 bills, respectively. Further antibiotic suscepti
bility tests revealed that about 58.3, 3.6, 0, and 1.5% 
of B. cereus, S. aureus, Salmonella, and E. coli isolates, 
respectively, were resistant to tetracycline. Over 90% 
of all above Isolates were resistant to penicillin, but 
only S. aureus isolates showed resistance to cipro
floxacln. 

Significance; Our data indicate that money serves 
as a source of microorganisms and can potentially aid 
in the transmission of harmful bacteria to food 
products and consumers. 

Microbiological Quality of Pork Meat from 
Mexican Supermarkets 

Luisa Solis, Norma Heredia, SANTOS GARCIA, 
Rocio Amador, Sagrarlo Garcia, and Rodolfo 
Puente, Facultad de Ciencias Blologicas, 
Universldad Autonoma de Nuevo Leon,Apdo. 
Postal 124-F, San Nicolas, NL 66451, Mexico 

Introduction: Microbiological contamination of 
meat products is undesirable, and mishandling can 
occur at any point in the food chain.The presence or 
proliferation of any pathogen presents an important 
risk for the consumer. 

Purpose:This study was conducted to investigate 
microbiological quality and the presence of several 
pathogens In retail fresh pork meat. 

Methods:A total of one hundred and fifty samples 
of raw pork meat were purchased from local super
markets In the city of Monterrey N.L. Mexico and the 
metropolitan area from January to November 2006. 
All samples were examined for mesophiles, total 
collforms, fecal coliforms, molds and yeasts, and the 
presence of several pathogens, such as Salmonella spp., 
Staphylococcus aureus, Campylobacter spp., Escherichia 
coli O I 57:H7, Listeria spp., Yersinia spp., Shigella spp. and 
Clostridium perfringens.The presence of Salmonella spp., 
L monocytogenes and S. aureus in foods was deter
mined by use of the Mexican Official Methods, 
whereas for the other bacteria, the Bacteriological 
Analytical Manual (BAM) protocols were used. 

Results: More than 80% of the samples had less 
than I 04 CFU/g mesophiles. Seventy-five percent of 
the samples had less than I 03 CFU/g coliforms and 
90% contained less than I 03 CFU/g fecal coliforms. 
Eleven raw pork meat samples were contaminated 
with, S. aureus (7.3%), 15 had Salmonella spp. ( I 0%), 6 
had Campylobacter spp. (3.3%), 14 had E.coli O I 57:H7 
( 13.3%), 48 had Listeria spp. (32.6%), 38 had Yersinia spp. 
(25%), 3 had Shige/la spp. (2%) and 24 had Clostridium 
perfringens ( 16%). Six samples were contaminated with 
4 different pathogens. 

Significance: Pathogens were present in a con
siderable number of commercial raw meat samples. If 
improper cooking or handling occurs, this could be a 
source of infection for consumers. 

Journal of Food Protection Supplement A - 242 
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PS-57 Microbiological Evaluation of Infant 
Bottles Used for Feeding Powdered 
Formula: Implications for Enterobacter 
sakazakii 

ELIZABETH C. REDMOND, Christopher 
J. Griffith, and Steven Riley, University of 
Wales Institute-Cardiff, Food Research and 
Consultancy Unit, WesternAve.,Cardiff, 
Wales CF52YB, UK 

Introduction: Microbial contamination of powder
ed infant formula (PIF) with bacteria such as Entero
bacter sakazakii has been known to cause a relatively 
rare but often fatal infection in neonates.This has 
implications both for the quality assurance procedures 
during PIF manufacture and subsequent preparation 
and storage by end users; another potential source 
could be incorrectly cleaned bottles used to hold PIF. 

Purpose: The aim of this study was to evaluate 
the cleanliness and microbial load of "in-use" bottles 
in relation to how they are cleaned and sterilized. 

Methods:To establish the baseline microbial 
contamination of"used" plastic feeding bottles, 100 
uncleaned bottles and I 00 sterilized bottles used for 
feeding PIF to infants aged< 6 months with PIF were 
obtained from parents and nurseries. Each bottle was 
sampled in 4 sites (inner screwcap, bottle Interior; 
bottle outer rim, teat interior) to determine aerobic 
plate counts (APC), Enterobacteriaceae and S. aureus 
counts and levels of residual adenosine triphosphate 
(ATP). 

Results:APC counts (n :::: 400) from uncleaned 
bottles ranged from 4.0 x I 02 to 2.9 x I 05• Counts 
of < I .0 x I 02 Enterobacteriaceae were isolated from 
< 7% of bottles and no S. aureus was Identified. Micro
bial counts were variable according to sampled bottle 
site.ATP values for screwcap interiors were as high as 
20,188 relative-light-units (RLUs), whereas outer rims 
attained a maximum of 2486 RLUs.Teat and screwcap 
interiors were the most heavily contaminated sites 
sampled. Data indicates that after use there was 
considerable microbial and organic soil remaining in 
the bottles. Of the bottles reportedly cleaned and 
sterilized by parents/nurseries, some had In excess of 
7.5 x I 04 APCs; no Enterobacteriaceae or S. aureus were 
detected;ATP values up to 1535 RLUs were obtained. 
Contamination was most frequently detected from 
the screwcap and teat interiors, whereas bottle 
interiors were least likely to be contaminated. 

Significance: Results cumulatively indicate the 
presence of organic soiling and the potential for cross 
survival of bacteria between Infant feeds.This high
lights the need for education on effective bottle 
decontamination procedures. 

PS-58 Microbial Analyses of Fungi in Cereal Bars 

SILVANA M. SREBERNICH, M. M.S. R. Soares, 
and M. M. Concon, Pontificia Universidade 
Cat61ica de Campinas, Nutrition College, Rua 
Pedreira, 309, Campinas, Sao Paulo 13050-544, 
Brazil 

Introduction: Cereal bars are products accepted 
and consumed worldwide by individuals of different 
ages for the most diverse purposes. However, due to 
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the high level of cereals in its composition, fungi can 
grow and produce mycotoxins that can be carcino
genic. 

Purpose: To verify the presence of fungi In 
reduced-calorie and regular cereal bars and indentify 
any fungi in the samples. 

Methods:The experiments were carried out In 
duplicates using 20 cereal bars (IO reduced calorie 
and IO light) of IO different brands from the Brazilian 
market. The samples were diluted and incubated for 3 
to 5 days at 25°C in potato dextrose acidified agar 
(PDA) medium.After incubation, counting of the CFU/ 
g and Identification though the morphophysiological 
analysis of each isolated colony of fungus, using classic 
microbiological techniques of identification, were 
performed. 

Results: It was verified that 4 samples of IO for 
both types of bar (reduced calorie and regular) pre
sented some contamination by six different species of 
fungi. The contaminations varied from 1.7 to 3.2 log 
CFU/g and from 2 to 3.9 log CFU/g for reduced 
calorie and regular cereal bars, respectively. The fungi 
Penlcillium sp. and Aspergillus sp. were identified in 50% 
and 12.5% of the contaminated samples, respectively, 
while the yeast Candida sp. was found in 37.5% 
of the samples. Also identified were Rhizopus spp., 
C/adosporium spp. and Mucor spp. 

Significance:The detection of six different species 
of fungi in cereal bars indicates that improvement in 
the quality control of these foods is necessary, mainly 
because of the presence of Aspergi/lus spp. and 
Penlcilllum spp., which, because of their ability to 
produce mycotoxins have carcinogenic potential. 

PS-59 Incidence of Listeria in Rural Home 
DSC Environments with and without 

Ruminant Animals 

MAWILL RODRIGUEZ-MARVAL, lfigenla 
Geornaras, Patricia Kendall, Lydia Medeiros, 
Jeff Lejeune, and John N. Sofas, Colorado State 
University, 9 Animal Science Bldg., 
Fort Collins, CO 80523-1 171, USA 

lntroduction:A major portion of foodborne 
disease cases may occur at home, but research 
examining the home environment as a source of 
pathogens, such as Listeria monocytogenes, is limited. 
It would be useful to evaluate differences in pathogen 
prevalence between homes with and without 
ruminants, since ruminants may be L monocytogenes 
carriers. Such knowledge could be used to provide 
consumers with recommendations for proper cleaning 
and food handling. 

Purpose:The objective of this study was to 
determine L monocytogenes incidence in household 
environments of residents with/without direct contact 
with ruminants or their environment, and to correlate 
its presence with household type and environmental 
variables. 

Methods: Fifty-four Colorado households (27 
each with and without ruminants) were visited every 
3-4 weeks in January-:]une 2006 (four visits each). 
During the first visit, observations of kitchen and 
refrigerator cleanliness were recorded, and partici
pants were surveyed about eating and food-handling 
habits.At each visit, environmental (refrigerator, 
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kitchen sink and countertop, washing machine, and 
shoes), food, and fecal samples (from ruminants and 
household members) were collected and analyzed for 
L monocytogenes presence, using the US Dept. of 
Agriculture Food Safety and Inspection Service 
procedure (one sample/type/visit). Statistical analysis 
following the PROCFREC procedure in SAS® was 
used to correlate environmental variables with the 
probability of L monocytogenes presence. 

Results: L. monocytogenes was isolated from all 
types of samples except human stools. Forty-four 
percent ( 12/27) of non-ruminant households had at 
least one Listeria spp. positive sample, compared to 
37% ( I 0/27) of ruminant households. No difference 
(P > 0.1) was found in incidence between ruminant 
and non-ruminant households, and only one house
hold of each type had positive samples on multiple 
visits. L monocytogenes incidence in food and ruminant 
fecal samples was 1.6% ( I 0/642) and 8.3% (9/ I 08), 
respectively. 

Significance: Since the household environment is 
a potential source of L monocytogenes contamination, 
consumers should be informed/educated In this 
regard to prevent infection with this pathogen. 

Microbiological Quality of Selected Foods 
from United Kingdom Retail Premises, 
with a Focus on Listeria monocytogenes 

SATNAM SAGOO, Christine Little, lain 
Gillespie,jim Mclauchlin, and Kathie Grant, 
Health Protection Agency - Centre for Infect
ions, Dept. of Gastronintestinal Infections, 61 
Colindale Ave., London, NW9 SEQ, UK 

lntroduction:Although listerlosis is a rare disease 
in the UK, a rise in the number of listeriosis cases in 
the UK has occurred over the last five years, particu
larly In people over 60 years.This Is a cause for 
concern in view of the increased risk posed to this 
vulnerable group and the severity of the disease. 

Purpose:The reason for the increase in listerlosis 
is unclear. In an attempt to understand this increase, 
an on-going study that focused on Ready-to-Eat foods 
that have been linked to the recent rise and/or case 
food histories was initiated from May 2006 onwards, 
with the aim to investigate the microbiological quality 
of these products. 

Methods; Ready-to-Eat foods (sliced meats, sand
wiches, cheeses, butter, probiotic drinks, and confec
tionery products containing cream) were sampled, 
based upon a Shopping Basket approach, from retail 
premises and examined for presence and levels of 
Listeria spp., including Listeria monocytogenes. 

Results: 1894 samples were examined during the 
first six months (May to October 2006), and 3% and 
6% of samples contained L monocytogenes and other 
Listeria spp. respectively. 0.3% of samples failed EC 
legal food safety criteria due to the presence of 
L. monocytogenes in excess of I 00 CFU/g (range 
I 02- I 04 CFU/g); all of these samples were sliced 
pre-packed meats.A further 2 (0.1 %) samples were 
unsatisfactory due to high levels of Listeria spp. 
(L welshimeri 1.8 x I 02 CFU/g, L. lnnocua 3.7 x I 02 

CFU/g). 
Significance: Results from the first six months of 

sampling indicates that the control of L monocytogenes 
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in foods consumed by vulnerable groups is essential 
to minimize the potential for this bacterium to be 
present and multiply, particularly in pre-packed sliced 
meats at the point of consumption, to levels hazard
ous to health. 

Aspergillus flavus and Penlcllllum spp. 
Associated with Musty Off Flavors 
in Navy Beans 

COESHAA. FAIRLEY, Philip Perkins, Bonnie 
H. Ownley, P. Michael Davidson, and David A. 
Golden,The University ofTennessee, Dept. 
of Food Science and Technology, 2605 River 
Drive, Knoxville,TN 37996-4591, USA 

Introduction: Musty off flavors and odors assoc
iated with navy bean products are undesirable. 
Geosmin and 2-methylisoborneol (2-MIB) are 
associated with the earthy/musty off odors and flavors 
in municipal water supplies and have been reported as 
a source of mustiness in wheat grain, apple cider, and 
cheese, with their production being attributed to 
actlnomycetes, penicillia, and apsergilli. The microor
ganisms responsible for production of these products 
in dry navy beans have not been identified. 

Purpose: The purpose of this study was to 
Identify the microorganisms associated with the 
production of geosmin and 2-MIB in raw navy beans. 

Methods: Moldy and "good" (control; non-moldy) 
navy beans were plated in triplicate on actlnomycetes 
isolation agar, potato dextrose agar, dichloran rose 
bengai agar, and Czapek agar and incubated at 25'C 
for 5 days. Microorganisms were identified as to genus 
and species, using traditional methods.Additionally, 
good navy beans were inoculated (I/I 0) with "moldy" 
navy beans (moldy-2), moistened with water, and 
incubated for 5 days at 25'C; microorganisms were 
recovered and identified. A gas chromatographic 
method employing solid phase microextraction was 
developed to confirm the presence of geosmin and 
2-MIB. 

Results: Aspergillus flavus, Penicillium expansum, and 
Penicillium commune were isolated from moldy and 
moldy-2 beans but not from control beans, Geosmin 
was not detected in control beans but was detected 
in moldy and moidy-2 beans at 8-130 ng/kg, with a 
relative recovery of 12-65%. 2-MIB was detected in 
control and moldy and mold-2 navy beans at 17-132 
ng/kg and 70-1 00 ng/kg, respectively, with a relative 
recovery of of 2-48% and 20-70%. 

Significance: These data suggest that geosmin is 
the source of mustiness in raw navy beans. Contami
nation of navy beans with A. flavus, P. expansum, and/or 
P. commune is responsible for geosmin production 
during storage, demonstrating the need for proper 
storage practices to reduce off flavors In finished 
bean products. 

Occurrence of Carnobacterium spp. on 
Retail Samples of Ready-to-Eat Meats 

DENISE R. CARLSON, Liru Wang, Michael Stiles, 
and Lynn McMullen, CanBiocin Inc., IO I 5, 8308 -
I 14th St., Edmonton,AB, T6G 2E I, Canada 

Lactic acid bacteria (LAB) are associated with a 
wide variety of meat products, particularly those 

Journal of Food Protection Supplement A - 244 
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stored in the absence of oxygen.The purpose of the 
investigation was to determine the prevalence of 
Carnobacterium spp. on Ready-to-Eat meat products 
purchased In the retail marketplace. Samples were 
purchased during three different sampling periods (3 
month intervals).A total of 70 products were selected 
from different retailers. The product categories (and 
number of samples tested) included: bologna (8), 
chicken ( I 0), ham ( 17), pork (4), roast beef (7), salami 
(I), turkey ( 11) and wieners ( 12). Products were 
obtained from 15 different establishments in Canada. 
Products were purchased and stored at 4°C until 
approximately one week prior to the best-before 
date. At that time, samples were prepared and plated 
onto APT, MRS and CTSI (selective for Carnobacterium 
spp.). Plates were incubated anaerobically for 48 or 
72 h. A total 547 isolates were selected for further 
analysis by molecular typing techniques.The first step 
utilized a multiplex PCR procedure that amplified 
bands characteristic of both Leuconostoc and 
Carnobacterium spp. The I 6S-23S intergenlc spacer 
region (ISR) of potential carnobacteria was amplified 
to identify the 9 different species of Carnobacterium. 
Approximately 25% of the LAB tested were Carnobac
terium spp. and carnobacteria were detected in all of 
the product categories tested except the salami. This 
study Illustrates that carnobacteria are an important 
component of the LAB microflora at the end of the 
shelf life of vacuum-packaged Ready-to-Eat meat 
products. 

Influence of Pressurization Rate and 
Pressure Pulsing on Inactivation of 
Bacillus amyloliquefaciens Spores during 
Pressure-assisted Thermal Processing 

WANNASAWAT RATPHITAGSANTI, J. Ahn, 
A. E.Yousef, andV. M. Balasubramaniam,The 
Ohio State University, Dept. of Food Science 
and Tech., 2015 Fyffe Road, Columbus, OH 
43210, USA 

Pressure-assisted thermal processing (PATP) is 
an emerging food processing technology in which a 
combination of pressure (500-700 MPa) and tempera
ture (90-120°C) is used to inactivate bacterial spores. 
Systematic studies on the influence of various process 
parameters on PATP spore inactivation will improve 
our understanding of the process.The objective of this 
study was to examine the role of pressurization rate 
and pressure pulsing In enhancing PATP bacterial 
spore lethality. Bacillus amyloliquefaclens Fad 82 spore 
suspensions were prepared in deionized water at 
three inoculum levels ( I 09, I 08, and I 06 CFU/ml), 
treated with two pressurization rates ( I 8.1 and 3.7 
MPa/s), and held at 600 MPa and I 05'C for 0, 0.5, I, 2, 
3, and 5 min. Experiments were carried out with 
custom-fabricated high pressure microbial kinetic 
testing equipment. Single and double pulses with the 
equivalent pressure hold time (I and 3 min) were 
investigated by use of the spore suspension contain
ing I 08 CFU/ml. Spore survivors were enumerated by 
pour plating, using trypticase soy agar, after incubation 
at 32°C for 2 days. During short pressure holding 
times(< 2 min), PATP treatment with the slow press
urization rate provided enhanced spore reduction 
compared to that of the fast pressurization rate. 
However, these differences diminished with extended 
pressure hold times.After 5 min pressure holding 

24S - Journal of Food Protection Supplement A 

PS-64 

PS-65 

time, B. amyloliquefaclens population decreased 6.2 log 
regardless of pressurization rate and inoculum level. 
Double pulse treatment enhanced spore lethality by 
approximately 2 to 4 log In comparison to single pulse 
for a given pressure holding time. Closer examination 
of the pressure-temperature histories revealed that 
process temperature during second pulse was about 
7-8°C higher during the first pulse. Additional lethal 
temperature exposure during the second pulse come
up portion might also contribute to enhanced lethality. 
In conclusion, pressurization rate and multiple pulsing 
influence the efficacy of PATP treatment. 

The Survival of Shigella sonnei in Frozen 
Media before and after UltravioletTreat
ment 

KATHLEENT. RA)KOWSKI, USDA-ARS-ERRC
FSITRU, 600 E. Mermaid Lane,Wyndmoor, PA 
19038, USA 

Shigella sonnei is a water and foodborne pathogen 
that can cause dysentery, a type of dlarrhelc illness. 
Until recently, edible ice, by definition a food, was not 
a food safety concern. However, Sh/gel/a spp. were 
reported to survive in ice and were epidemiologically 
linked to diarrhelc Illnesses. In order to determine the 
survival of frozen S. sonnei F6 I 29 (SF6 I 29), several 
suspending liquid media were used. An 18 h culture of 
SF6 I 29 was suspended in the test media and slow and 
quick frozen at -9°C and -70°C, respectively. On a 
weekly basis, samples were thawed at room tempera
ture (24 ± I ·q and plated on eitherTSA or brain 
heart infusion agar supplemented with 0.1 % Congo 
red. SF6 I 29 survived for over 3 wks while frozen in 
0.85 and 2.0% saline, Butterfield and buffered peptone 
buffers, vegetable broth and autoclaved water stored 
either at -9 or -70°C. SF6129 did not survive in filter 
sterilized tap water which contained residual chlorine, 
but did survive in the tap water when the residual 
chlorine was removed by either autoclaving or 
delonization. When SF6 I 29 was suspended and frozen 
in Butterfield buffer, ultraviolet treatment (254 nm at 
1.2 joules) was effective in reducing the bacterial 
counts by 3 log.The results of this study showed that 
SF6 I 29 can survive for reasonable long periods of 
time (3-6 wks) in Ice made from various liquids. UV 
treatment may provide a decontamination Interven
tion technique that would provide the consumer 
with pathogen free edible ice. 

Exploration of Hurdles to Improve 
Storage Stability of Braised Kidney Beans, 
a Korean Seasoned Side Dish 

Kl-EUN LEE, Duck Soon An, Eun Soon Lyu, Sun 
Kyung Chung, and Dong Sun Lee, Kyungnam 
University, Dept. of Food Science and Biotech
nology, 449 Wolyoung-dong, Masan, Geongnam 

63 1-70 I , South Korea 

Braised kidney beans are a popular traditional 
Korean side dish, prepared by heating and mixing 
Ingredients. Systematic investigation of process 
optimization, packaging and storage conditions has 
the potential to Improve product safety and stability 
during storage and distribution. Therefore, this study 
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aimed to find the combinations of preservation 
hurdles giving maximum storage stability without 
deterioration of the sensory quality. Formulation 
adjustment, modified atmosphere packaging and 
refrigerated storage were examined as potential 
hurdles to preserve the product. Several quality 
attributes were monitored during storage at I o·c to 
determine its primary quality index. Different 
formulations (concentrations of sugar, corn syrup and 
soy sauce) and packaging conditions (CO

2 
content) 

were tested with measurement of the primary quality 
index to find optimal hurdle conditions. Temperature 
dependence of quality was Investigated for the range 
of 5-20°C. Shelf life of the braised kidney beans was 
limited by the growth of yeast and mold, and the 
effect of hurdles on storage stability was quantified by 
using Baranyi's mathematical model.A formula 
consisting of 13% sugar, I 0% corn syrup and I 0% soy 
sauce based on the boiled beans was the best in 
inhibiting the microbial growth while maintaining 
sensory quality. Modified atmosphere of 60% CO2 
and 40% N2 at I 0°C could extend the shelf life by 
500% compared to air packaged control. Parameters 
of microbial spoilage and shelf life estimation function 
are given for the temperature range of 5-20°C.This 
study gave a quantified picture of microbial inhibition 
and shelf-life extension attained by different preserva
tion hurdles.The information may be useful for pre
dicting microbial spoilage of other seasoned side 
dishes using similar formulations. 

PS-66 Inhibitory Effects of Exopolysaccharide 
(EPS) Produced from Lactobacillus acido
philus on the Biofilm Formation of Shiga 
Toxin-producing Escherichia coli O I 57:H7 

HYUN SUNYUN,Younghoon Kim,Yunho Lee, 
Woojun Park, Sungsu Park, Sejong Oh, and Sae 
Hun Kim, Korea University, Division of Food 
Science, College of Life Science & Biotechnology, 
5-1 Anam-dong, Sungbuk-gu, Seoul, 136-713, 
Republic of Korea 

Introduction: Microbial blofilms are complex 
communities of microorganisms that have been 
attached to and grown on diverse surfaces. Since 
biofilms are resistant to antibiotics and are difficult to 
control in medical and industrial settings, antimicrobial 
compounds to remove the most resistant biofilms 
such as mature biofilm should be identified. 

Purpose:To determine inhibitory effects of exo
polysaccharlde (r-EPS) from Laetobaci/lus acidophilus A4 
on biofilm formation of Shiga-toxin producing (STEC) 
Escherichia coli O I 57:H7, a foodborne pathogen. 

Methods: STEC O I 57:H7 was allowed to grow 
on polystyrene 96-well microtiter plates in I /2 LB 
medium containing cell extract, cell bounded-EPS 
(cb-EPS) and r-EPS, respectively at 30°C for 48 h. 
Quorum sensing assay was performed with superna
tants presumably containing crude autoinducer 2. 
Blofilm formation was observed using the flow cell 
chamber (3 x 3 mm) system with a fluorescent 
microscope. 

Results: In the 96-well polystyrene microtiter 
plates containing 1.0 mg/ml of r-EPS, biofilms signifi
cantly decreased by 87%, compared to the plates 
containing cell extract and cb-EPS. Similar Inhibitory 
effect (95% decrease) was observed on a polyvinyl 

chloride surface. In these studies, neither growth rate 
nor Al-2 like activity was affected. In addition, Initial 
attachment and autoaggregatlon of STEC O I 57:H7 
were inhibited by r-EPS.These results correlate with 
the fact that biofilm formation was consistently 
reduced when r-EPS was applied to the continuous
flow chamber mode.These results suggest that r-EPS 
prevents blofilm formation of a wide range of Gram
negative pathogens. 

Significance: r-EPS as a natural blofilm Inhibitor can 
be used in controlling biofilms in food Industry In the 
future. 

PS-67 Black Sapote Puree Preserved by Hurdle 
Technology 

Y. D. Ramirez, G.G. Gastelum,T.N. Medina, 
R.Avila-Sosa, ENRIQUE PALOU,A. Lopez-Malo, 
and J.A. Guerrero, Universidad de las Americas 
Puebla, Sta. Catarina Martir, Cholula, Puebla 
72820, Mexico 

Black sapote (Diospyros digyna) Is a climacteric, 
very soft and rapidly perishable fruit grown In 
Southern Mexico and Central America. Due to its 
delicate flavor and several unfavorable changes 
associated with freezing and heat treatments, hurdle 
technology could be an alternative preservation 
process for black sapote. The purpose of this work 
was to develop a stable fresh-like black sapote puree 
by use of hurdle technology. Ripe sapotes were 
washed and hand peeled, the pulp was deseeded and 
the puree adjusted to pH 4.1 by adding citric acid.The 
puree was divided into three batches, one control; and 
the other two were adjusted to selected water 
activities (0.96 or 0.97) by sucrose addition.To the aw 
adjusted purees, I 00 ppm potassium sorbate were 
added. Samples were kept at 4°C during 15 days and 
periodically evaluated for native flora (mesophllic 
bacteria, yeasts and molds counts), pH, aw, soluble 
solids, titrable acidity, instrumental color, and sensory 
evaluation (5 point hedonic scale).The results were 
analyzed and compared by ANOVA. Microbial 
inhibition was observed during storage, and was 
significantly lower (P < 0.05) than for the control. 
Control sapote spoiled three days before the end of 
storage. The acidity of the preserved sapote puree 
with aw 0.97 was higher than for the puree with aw 
0.96.The sensory panel preferred the preserved 
sapote puree with higher acidity. Changes in instru
mental color were observed during storage with 
overall sensory acceptability (mean values higher than 
3.5) of purees not affected.The pH,aw, and soluble 
solids of preserved sapote purees did not change 
during storage.The hurdle technology preservation 
process for a fresh-like Sapote puree Is effective in 
both sensory and microbial stability, Increasing the 
shelf life of the product. 

PS-68 Effect of Phytosterols on Microbial Spoil
age of Pasteurized Fluid Mill< 

EMEFAA. MONU, Greg Blank, and Jerzy 
Zawistowski, University of Manitoba, 214-2945 
Pembina Hvvy.,Winnipeg, MB, R3T 3RI, Canada 

Introduction: Phytosterols have the ability to 
reduce serum cholesterol In humans and are now 
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being added to various foods worldwide, particularly 
dairy products. Based on recent studies of antioxidant 
activity, they may also have the potential to Impart 
other benefits often exhibited by phytochemicals, 
including antimicrobial activity. 

Purpose:The purpose of this study was to 
investigate the antimicrobial effect of several commer
cial phytosterol mixtures against spoilage bacteria in 
pasteurized milk. 

Methods; A commercial phytosterol preparation 
{CPP) containing B-sitosterol, campesterol, sltostanol 
and campestanol was added at a concentration of 1.8 
% (w/v), along with maltodextrln and carrageenan at 
0.186 and 0.018% (w/v) respectively, to pasteurized 
milk stored at 4-?'C.A time course growth study was 
initiated using appropriate controls and duplicated 
with milk containing a dispersible phytosterol mixture 
{mixture of CPP containing maltodextrin, carrageenan 
and a surfactant agent: sodium stearoyl lactylate (SSL; 
0.03%, w/v)) at a concentration of 0.72% (w/v).At 
predetermined intervals, milk samples were analyzed 
for standard plate count (SPC), psychrotrophs and 
Pseudomonos fluorescens (added as an inoculum). 

Results: CPP exhibited no effect on either SPC 
or psychrotrophs in milk. CPP and the dispersible 
mixture of CPP also had no effect on the growth 
of P. fluorescens (perhaps due to higher numbers). 
However, compared to the controls, the dispersible 
mixture of CPP with 0.03% (w/v) SSL, when Incorp
orated into milk, Inhibited SPC and psychrotroph 
growth by more than 4 log CFU/ml over 21 days, 
while SSL without CPP in milk exhibited no inhibitory 
effect. 

Significance: These results indicate that increased 
dispersibillty of phytosterols may increase the shelf life 
of milk by inhibiting microbial spoilage. Combined with 
the ability to lower serum cholesterol levels and their 
antioxidant activity, phytosterols have the potential to 
be used as multifunctional food ingredients. 

PS-69 Effect of High-hydrostatic Pressure on 
Pathogenicity and Structural Integrity of 
Eimeria acervulina, a Protozoan Parasite 
and Cyclospora cayetanensis Surrogate 

ADRIENNE E. H. SHEARER, Gary C.Wllkins, 

Mark C.Jenkins, and Kalmia E. Kniel, University 
of Delaware, Dept. of Animal and Food Sciences, 

531 S. College Ave., 045 Townsend Hall, Newark, 

DE 19716, USA 

Introduction: High-hydrostatic pressure processing 
(HPP) has been shown to inactivate various microor
ganisms and is utilized commercially for enhanced 
food safety and quality. Eimeria acervulina Is a proto
zoan poultry parasite that is closely related to, and has 
been used as a surrogate for, Cyc/ospora cayetanensis, a 
human pathogen associated with fresh produce. 

Purpose: HPP efficacy against E. acervullna was 
evaluated for Insight on potential application of HPP 
against foodborne human protozoan parasites. 

Methods: E. acervulina oocysts were treated by 
HPP at 550 MPa for 2 min at 4, 20, or 40'C In lab
oratory media and were evaluated for pathogenicity 
in chickens, their natural host.To help elucidate the 
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mechanism of HPP effects, the structural integrity of 
HPP-treated E. acervulina was evaluated with regard 
to ease of mechanical breakage, dye permeability, 
excystatlon, and microscopy. 

Results: Pressure treatment of E acervulina oocysts 
rendered the parasites nonpathogenic to chickens. 
Pressure treatment at 40'C also prevented fecal 
shedding of oocysts. No changes In the fragility and 
permeability of the oocyst wall or excystation of 
sporocysts were observed as a result of pressure 
treatment. Light and scanning electron microscopy 
revealed no changes to the whole oocyst or sporo
cysts. Recovery and the morphology of excysted 
sporozoites were altered by pressure treatment. 

Signi(,cance:These data illustrate that HPP is an 
effective method of inactivating E acervulina in 
laboratory media, and the sporozoite is at least one 
structure adversely affected by pressure. HPP is 
worthy of evaluation for inactivation of E. acervulina 
and related protozoan parasites in human foods. 

PS-70 Efficacy of Air Cleaning System for 
Control of Airborne Microbes in Meat 
Processing Environments 

JITU PATEL, Xiangwu Nou, and Gabriel Sanglay, 
USDA-ARS-BARC-East I 0300 Baltimore Ave., 
Bldg. 20 I, Beltsville, MD 20705, USA 

/ntroduction:Air Is a potential source of microbial 
contamination In meat processing plants.The airborne 
contamination of pathogenic and spoilage microorgan
isms in these operations may Impact public health. 
Intervention strategies to control all sources of 
contamination of meats, including airborne contami
nants, should be included for product safety and 
quality. 

Purpose:The objective of this study was to 
determine the effectiveness of AirOcare reactive 
oxygen species (ROS) generating equipment in 
reducing airborne bacteria in a meat processing 
environment. 

Methods: Equal volumes of Serratia marcescens and 
lactic cultures (Lactococcus lactis subsp. /actls and 
Lactobacillus plantarum were transferred to a 6-jet 
Collison nebulizer and meat processing room was 
aerosolized. Immediately after aerosol generation and 
at 2, 4, 8 and 24 h intervals, air samples were pulled 
from each location using Staplex 6 stage air sampler at 
a flow rate of 28.3 L/min. Aerial populations of lactic 
acid bacteria and S. marcescens were determined by 
use of MRS and R2A plates, respectively. Surviving 
bacterial populations were converted to log CFU/m3 

and analyzed by ANOVA. 
Results: More than 4 log reductions in S. marces

cens populations of this bacterium were observed 
within the first 2 h of treatment (P < 0.05) compared 
to I log reduction in the control treatment. The 
S. marcescens populations were reduced by ~4.5 log 
CFU/m3 after 24-h exposure to ROS. Approx. 
3 log CFU/m3 reductions In lactic acid bacteria was 
observed following 2-h exposure with ROS. Further 
exposure with ROS reduced lactic acid bacteria in air; 
however, the difference in their survival after 24-h 
exposure was not significantly different from control 
treatment. 
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Signif,cance:These findings reveal that reactive 
oxygen species treatment using the AlrOcare unit 
significantly reduces airborne S. marcescens and lactic 
acid bacteria In the meat processing environment 
within 2 h.The treatment is more inhibitory to 
S. marcescens than to the lactic acid bacteria. 

PS-71 Selection of Methods for Heat Process 
Evaluation 

JOY E. GAZE and Nick May, Campden & 
Chorleywood Food Research Association, 

Chipping Campden, Gloucestershire GL55 6LD, 

UK 

/ntroduction:This project is investigating the 
application of different methods of evaluation of 
bacterial destruction in heat processes. Comparisons 
are made between temperature probes, time-temp
erature indicators based on enzyme destruction 
(TTls) and bacterial spore reduction. 

Purpose:To obtain data on the evaluations and 
assess their applications and resolve any relative 
strengths and weaknesses in different heat processing 
regimes. 

Methods: Current studies are in the pasteuriza
tion area at two ranges, 65-75°C and 85-95°C, with 
samples held for 1.5 to 30 min. The temperature 
probes included two type T thermocouples, a needle 
probe ( I mm diameter) and a twisted pair wire (0.4 
mm).A Bacillus amyloliquefacies amylase and a Bacillus 
licheniformis amylase TTI were chosen. These were 
compared to spores of Clostridium butyricum and 
Bacillus pumilus. 

Resu/ts:The data analysis method used so far in 
the project has been to compare P values calculated 
from spore and TTI methods against those obtained 
from thermocouples. Good agreement has been found 
between mean values under isothermal conditions 
throughout the temperature range, with maximum 
discrepancy mean values of +/-P 5 and in most cases 
less than P I . Further analysis will Include the use of 
non-isothermal conditions to simulate the come-up 
time experienced in many food products and an 
assessment of the variation of D and z values in 
different substrates. 

Signif,cance:These data will confirm the suitability 
of these methods for verification/validation purposes. 
Any advantages and disadvantages for particular use 
will be highlighted and advice given. 

PS-72 Isolation and Identification of Radiation 
Resistance Bacteria from Gamma-irradi
ated Foods 

Jae Hun Kim, P. M.Jeong,J. N. Park,J. K. Park, 
J. W. LEE, and M. W. Byun, Radiation Application 
Research Division.Advanced Radiation Technol
ogy Institute, Korea Atomic Energy Research 
lnstitute,Jeongeup, 580-185, Korea 

/ntroduction:Although irradiation technique is 
widely used to sterilize foods, radiation resistance 
microbes will remain In the irradiated foods.There 
is a possible problem in achieving the shelf stability 
and safety of the Irradiated foods. 

Purpose:Thls study was conducted to provide 
Information on the radiation resistant microorganisms 
found in various Irradiated foods. 

PS-73 
DSC 

Methods: Cooked bean paste soup and Ready
to-Eat ham sandwiches were subjected to high dose 
gamma irradiation at 30 kGy for sterilization. Cooked 
and dried klmchl fried rice and beef fried rice were 
gamma-irradiated at a middle dose of IO kGy for 
pasteurization. Persimmon punch was irradiated with 
a low dose of 5 kGy. Each of 3 strains isolated from a 
single colony from irradiated samples usingTSA media 
were then pure cultured. Bacteria I 6S rRNA genes 
were analyzed using two primers, 27°F and l492R by 
PCR technique. The amplified I 6S rRNA gene was 
sequenced according to automated sequencing 
system, and a sequence similarity search was per
formed with the BLAST Gene Bank data library. 

Resu/ts:The results distinctly showed active 
isolates of Bacillus subtilis (2 strains) and Bacillus 
/icheniformis ( I strain) from kimchi fried rice, whereas 
the Bacillus lichenlformis ( I strain) and Enterococcus 
gilvus (2 strains) were observed In beef fried rice and 
persimmon punch bean-paste soup and ham sand
wiches showed the presence of dynamic Bacillus 
subtilis (9 strains). 

Significance: Spore-forming Bacillus spp. were 
identified as the highly radiation resistant bacteria 
throughout the various foods. Enterococcus gilvus was 
identified as a new type of radiation resistant 
microorganism. 

Quality and Mold Growth Effects Follow
ing Microwave Commercial Sterilization 
on White Enriched Bread for Military 
Rations 

ALEJANDRO ECHEVERRY, Donna G. Lakins, 
Christine Z.Alvarado,J. Chance Brooks, and 

Mindy M. Brashears,Texas Tech University, Dept. 
of Animal and Food Sciences, Box 42141, 

Lubbock,TX 79409, USA 

Meals Ready-to-Eat (MRE) are a self-contained, 
flexible package used by military personnel while in 
the field to store meals for an extended period of 
time. However, the inclusion of enriched white bread 
in an MRE posses many problems, especially with 
regard to shelf-life stability, due to mold growth. A 
new commercial technology of microwave sterilization 
was investigated to determine If mold growth was 
suppressed without detrimental effects on quality 
over a 60 day period. One loaf of bread was used for 
quality while the other was inoculated with approxi
mately I x I 04 CFU/g of a cocktail mixture of 3 
separate mold strains obtained from AT CC.At day 0, 
the bread was exposed to 0, 5, 6, 7, 8, 9 and IO s 
microwave (2.45 GHz; 12.2 cm wavelength) treat
ments.The treated and control bread were stored at 
25°C for 60 days and monitored for mold growth, 
moisture, water activity (aJ, softness, and sensory 
analysis.There was no quantifiable mold present at day 
0 in bread treated for IO s (P < 0.05). By day 60, the 
bread treated with IO s treatment had significantly 
lower counts (> than 3 log) than the bread treated 
with remaining treatments. Microwave treatment 
significantly decreased the moisture content of the 
bread but was not detectable by consumers.There 
was no difference in (aw) with microwave treatment 
though day 45, but differences were detected at day 
60 (0.87 and 0.85). There were no differences in 
softness (mm) of the treated and untreated bread 
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PS-74 

through day 60. Sensory analysis was conducted using 
the control and the microwave IO s treatment, with 
no difference detected. Microwave commercial 
sterilization can be used to extend the shelf life of 
white enriched bread from I week to a 2 month 
period shelf life with minimal mold growth and no 
detrimental effect on quality. 

Growth and Recovery of Lactobacillus 
fermentum, Zygosaccharomyces bailii and 
Aspergillus niger in a Low pH Juice Bever
age in the Presence of Sodium Benzoate 

PATRICIA L. RULE, bioMerleux, Inc., 595 
Anglum Road, Hazelwood, MO 63042, USA 

Sodium benzoate is a commonly used preser
vative in food and beverages to protect flavor and 
extend shelf life. It has low toxicity to humans and 
has very little taste making it a good preservative 
source. FDA has labeled it as GRAS (Generally 
Recognized as Safe) and has set allowable levels up 
to 0.1 %. It is even found in "edible" pharmaceutical 
products such as mouth wash and tooth paste. It has 
higher antimicrobial activity in lower pH products (pH 
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< 4.5 ) such as fruit juices, preservatives and salsa 
products.A retail study of different brands of straw
berry banana juice demonstrated anomalies In the 
recovery of lactlcs, yeast and mold from the product. 
although all listed sodium benzoate in the label. 
Lactobacillus fermentum survived and grew well In the 
similar juice products at a very low lnoculum level 
(3-31 CFU), whereas Zygosaccharomyces ba//il, and 
Aspergillus niger were completely inhibited or delayed 
by two days even at higher spoilage levels of I 00-300 
CFU suggesting that not all lactic acid bacteria and 
fungal spoilage organisms are created equal In their 
response to sodium benzoate containing juices. Since 
retail product does not specify the amount of sodium 
benzoate present in the product, a separate study Is 
being conducted to review the survival and recovery 
of L fermentum, Z bailii and A. niger at sodium benzoate 
concentrations of 0.1 %, 0.05% and 0.0 I% at three 
different pH levels (pH 2, 3 and 4) by continually 
monitoring the growth via CO2 production. The 
continuous monitoring of the CO2 byproduct of the 
spoilage organisms can provide Incite into the true 
bacteriostatic nature of sodium benzoate that cannot 
be observed by end point plating methods that 
primarily provide bactericidal information. 
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PROGRAM ADDENDUM 
AS OF JULY 2, 2007 

MONDAY MORNING - JULY 9 
SJ Food Defense Research and Application 

8:30 a.m. Presenter Change - Food Defense Research 
Activities at FDA-CFSAN - Faye Feldstein, FDA
CFSAN, Office of Food Defense, Communication, 
and Emergency Response, College Park, MD, USA 

••••••••••••••••••••• 
S4 Outreach Programs to Promote Dairy Products 

and Their Safety around the World 
Sponsored by the IAFP Foundation 

8:30 a.m. Speaker Change - Reducing Technical Barriers 
to Dairy Trade - Diane Lewis, U.S. Dairy Export 
Council, Arlington,VA, USA 

•••••••••••••••••• 
PI Dairy, Seafood, Produce and Education 

Poster Session 

Pl -08 Withdrawn 

Pl-22 

Pl-26 

Pl-45 

Pl-59 

Pl-65 

Pl-67 

Withdrawn 

Depuration in Cold and Ambient Water Changes the 
Microbiological Profile of Gulf Coast Oysters - will be 
presented by D. L. Marshall, Mississippi State University, 
Starkville, MS, USA 

Evaluation of the Effect of Lactic Acid Bacterial 
Isolates on the Growth of Escherichia coli O 157:H? 
and Salmonella enter/ca subsp. enter/ca on Alfalfa 
Sprouts - will be presented by Divya Jaroni, 
University of Nebraska-Lincoln, Gretna, NE, USA 

A Nationwide Study of UK Consumer Attitudes 
towards Food Safety In the Domestic Kitchen - will 
be presented by Christopher J. Griffith, University 
of Wales Institute-Cardiff, Cardiff,Wales, UK 

Does Recordkeeplng Improve Food Safety? - will be 
presented by Amy Stillings, Eastern Research Group, 
Inc., Lexington, MA, USA 

Withdrawn 

MONDAY AFTERNOON - JULY 9 
SB Recent Pivotal Decisions of the National 

Conference on Interstate Milk Shipments 
Nutcracker 3 

I :30 p.m. Presenter Change - The Safest Milk Supply for All the 
People - Steven Sims, FDA, College Park, MD, USA 

2:00 p.m. Presenter Change - International Grade A?... -
Dennis Gaalswyk, Quality Chekd Dairies Inc., Naperville, 
IL,USA 

2:30 p.m. Presenter Change - Big Changes for Aseptic Grade 
A Milk-Allen R. Sayler, International Dairy Foods 
Association, Washington, D.C., USA 

•••••••••••••••••• 
P2 Meat and Poultry Poster Session 
P2-03 Salmonella Contamination of Cattle between Feedlot 

and Abattoir - will be presented by Patricia 
Desmarchelier, Food Science Australia, Brisbane, 
Queensland,Australia 

P2-34 

P2-54 

P2-59 

P2-62 

P2-81 

Control of Foodborne Pathogens In Ground Beef 
Using Controlled Phase Carbon Dioxide - will 
be presented by Beth Ann Crozier-Dodson, Kansas 
State University, Manhattan, KS, USA 

Mechanisms of Salmonella Persistence during 
Chicken Slaughter - will be presented by Patricia 
Desmarchelier, Food Science Australia, Brisbane, 
Queensland, Australia 

Withdrawn 

Evaluation of Sponge-sampling Methods for Fleece 
and Carcasses of Sheep in a Commercial Abattoir -
will be presented by Patricia Desmarchelier, Food 
Science Australia, Brisbane, Queensland, Australia 

Time Change (Was P4-42) - Role of Crude Canela 
Extracts on Listeria monocytogenes Cell Invasion to 
CaCo-2 Cell Line - will be presented byVanlja Kallur, 
AlabamaA&M University, Normal,AL, USA 

TUESDAY MORNING -JULY I 0 
SI O The Impact of Emerging Food Trends on Food 

Safety 
Sponsored by /LSI North America Technical Committee 
on Food Microbiology 

9:00 a.m. Speaker and Title Change - Probiotlcs, the Different 
Challenges from an Industrial Perspective - Fabrizio 
Arigoni, Nestle Research Center, Lausanne, Switzerland 

•••••••••••••••••• 
Special Interest Session: Salmonella Growth, 
Persistence and Survival in Low-moisture Foods 
and Their Environments-Strategies for Control 

9:00 a.m. Title Change - Sa/mone//o:The Organism, Its Habitat 
and the Role ofTesting-ANN MARIE MCNAMARA, 
Silllker, Inc., South Holland, IL, USA 

I I :00 a.m. Title Change - The Re-birth of Salmonella - DON 
ZINK, FDA-CFSAN, College Park, MD, USA 

•••••••••••••••••• 
SI I Food Allergies:A Growing Food Safety Concern 

I I :00 a.m. Speaker Change - Food Allergy Management Best 
Practices - Larry Kohl, Walt Disney World Company, 
Lake Buena Vista, FL, USA and Paul Marra, Wegmans 
Food Markets, Inc., Rochester, NY, USA 

•••••••••••••••••• 
Pl Epidemiology and Risk Assessment, Novel 

Laboratory Methods, and Applied 
Laboratory Methods Poster Session 

P3- I 3 Author List Correction - Estimation of the Burden 
of Gastroenteric Diseases Study In Miyagi Prefecture, 
Japan, Using Physician Consultation Rates from a 
Retrospective Cross-sectional Telephone Survey -
KUNIHIRO KUBOTA, Hajime Toyofuku, Fumiko 
Kasuga, Emiko Iwasaki, Tomomi Nokubo, Shunichl 
Inagaki, Hei-chiro Kusakari, Mayumi Komatsu, Frederic 
].Angulo, Kaoru Morikawa, and Elaine Scallan, National 
Institute of Health Sciences,Tokyo,Japan 
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P3-33 

P3-60 

P3-61 
P3-62 
P3-77 
P3-78 

Quantification of Salmonella from Pig Feces by 
Real DSC-time PCR - will be presented by Maria 
Teresa Destro, Cornelia Bunge, and Burkhard Malorny, 
Federal Institute for Risk Assessment, Berlin, Germany 

A Comparative Study of Four Alternative Methods and 
the ISO 6579 Method for the Detection of Salmonella 
spp. In Food Products - will be presented by Jean
louis Pittet, bioMerieux, R&D Microbiologie 
lndustrielle, Marcy l'Etoile, Lyon, France 
Withdrawn 
Withdrawn 
Withdrawn 
A Study to Evaluate Direct Plating onto Chromocult® 
Coliform Agar for the Enumeration of Fecal Coliforms 
and Escherichia coli in Raw Shellfish - will be presented 
by Bree-Ann Lightfoot, Canadian Food Inspection 
Agency, Dartmouth, NS, Canada 

TUESDAY AFTERNOON - JULY I 0 
T4 

T4-03 

P4 

P4-l 3 

P4-42 

P4-70 

P4-73 

DairyTechnical Session 

Use of 3M'" Petrifilm'" Aerobic Count Plates for 
the Detection of Geobaclllus stearothermophilus in UHT 
Milk - will be presented by Santos Garcfa, Universidad 
Aut6noma de Nuevo Le6n, San Nicolas, NL, Mexico 

•••••••••••••••••• 
Beverages and Water, Antimicrobials, Sanitation 
and Non-microbial Food Safety Poster Session 

Antimicrobial Efficacy of Peroxy Foam against 
Foodborne Pathogens,Yeasts and Molds -will 
be presented by Mark Carter, Silliker, Inc., South 
Holland, IL, USA 

Moved to P2-8 I 

Withdrawn 

Author List Correction - Reduction of the 
Allergenicity of Hypoallergenic Formula by Gamma 
Irradiation - JU WOON LEE,J. H. Seo,J. H. Kim, H.J. 
Kim, B. S. Song, S.Y. Lee, and M.W. Byun, Korea Atomic 
Energy Research lnstitute,Jeongeup, Republic of Korea 

WEDNESDAY MORNING - JULY 11 
S 18 Preparing Scientists for the Legal Aspects 

of a Crisis: Step into an Interactive Mock 
Trial and Learn How to become an Expert 
Witness 
CHANGE OF PROGRAM 

8:30 a.m. Donna Garren, National Restaurant Association, 
Washington, D.C., USA 

8:45 a.m. Toni Hofer, Raley's and Bel Air, West Sacramento, CA, USA 

9:00 a.m. Melvin Kramer, Epihealth Associates, Baltimore, MD, USA 

9: 15 a.m. David A. Ernest, Bullivant, Houser, Bailey, Attorneys 
at Law, Portland, OR, USA 

9:30 a.m. Chris Domenic,Tsongas Litigation Consulting, Portland, 
OR,USA 
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I 0:00 a.m. Break 

I 0:30 a.m. Mock Trial and Summary 

•••••••••••••••••• 
S20 Food Safety @ the Speed of Thought - Creating 

Virtual Networks 

Meet Your Panel of Experts 

Collaboration with Global Teams and Use of Emerging 
Technologies - Frank Farro, Disney Parks & Resorts, 
Lake Buena Vista, FL, USA 

Hands-on Demonstration of TechnologyTools Used 
for Collaboration: How and Why You Should Use These 
Tools - WebEx Communications, Inc. 

Human Factors to Consider When Using Collaboration 
Tools -Allen Fazio, Disneyland Resort, Anaheim, 
CA,USA 

Panel of Information Technology Experts 

•••••••••••••••••• 
PS Food Defense, Pathogens and General Microbial 

Poster Session 

P5-40 Quantitative Evaluation of Human Norovirus Persist
ence in Different Types of Water - will be presented 
by Julie Jean, Universite Laval, Quebec, QC, Canada 

P5-54 Carriage of Escherichia coli O 157 by European Starlings 
-will be presented by Jeffrey LeJeune,The Ohio State 
Universlty,Wooster, OH, USA 

P5-57 Microbiological Evaluation of Infant Bottles Used 
for Feeding Powdered Formula: Implications for 
Enterobacter sakazakii - will be presented by 
Christopher J. Griffith and Steven Riley, University 
of Wales Institute-Cardiff, Cardiff, Wales, UK 

P5-72 Author List Correction - Isolation and Identification 
of Radiation Resistance Bacteria from Gamma
irradiated Foods - Jae Hun Kim, P. M.Jeong, J. N. Park, 
J. K. Park, J. K. Kim, J. W. Lee and M. W. Byun, Korea 
Atomic Energy Research Institute, Jeongeup, Korea 

WEDNESDAY AFTERNOON - JULY 11 
RT6 Food Safety Laws: Political Science or Food 

Science 
Sponsored by the IAFP Foundation 

ORDER OF PRESENTATIONS HAS CHANGED 

I :30 p.m. Viewpoint: National Academy of Sclences,Academic -
Michael P. Doyle, Center for Food Safety, University 
of Georgia, Griffin, GA, USA 

2:00 p.m. Viewpoint: Former US Food Safety Regulator - Mike 
Taylor, University of Maryland, School of Public Health, 
Baltimore, MD, USA 

2:30 p.m. Viewpoint: International, World Health Organization -
Peter Ben Embarek, World Health Organization, 
Geneva, Switzerland 

3:00 p.m. Roundtable Discussion- FrankYiannas, Walt Disney 
World Company, Lake Buena Vista, FL, USA-Moderator 

Questioner:Jenny Scott, GMA/FPA, Washington, D.C., USA 


