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November 12-13, 2004

Las Vegas, Nevada
Participants:

Mike Johnson (U. Arkansas) - Absent, Written report received

Mindy Brashears (Texas Tech) and Guy Loneragan (West TAMU) – present, oral presentation

Jim Dickson (Iowa State) – present, oral presentation, no report yet

Jeff LeJeune (Ohio State) – present, oral presentation 

Stuart Price (Auburn)– present, oral presentation, written report

Francisco Diez U. Minn)– present, oral presentation, written report

Marlene Janes (LSU) – present, oral presentation, written report

Curt Weller (U. Nebraska)– present, oral presentation

Randy Worobo (Cornell) – present, oral presentation, ppt report

Melissa Newman (U. Kentucky) – present, oral presentation, written report

Xiuping Jiang (Clemson U) – present, oral presentation, written report

Susan Snider (U. Delaware)– present, oral presentation, written report

Karl Siebert (Cornell) – present, oral presentation, 

Zhinong Yan (Michigan State) – present, oral presentation, written report

Joe Eifert (Virginai Tech) – present, oral presentation, no report yet

Denise Smith (U. Idaho) – present, oral presentation, written report

Susan Barefoot (Clemson U.) Administrative Advisor

Ram Rao (USDA) CSREES Representative

Comments from Administrative Advisor (Barefoot, Clemson U.)

Need to have proposal completed at minimum of 6 months prior (due to the approval process). Current project expires Sept 2005. NIMSS web site needs attention: it is one tool for “selling” our proposal for next year.

Comments from CSREES Representative (Rao, USDA CSREES)

•
Two emphasis areas for NRICGP include (1) Control of L. monocytogenes, (2) Food Biosecurity- prevention, response, risk management, public education. 2005 RFA is out. Proposals due Dec 17 - Awards Aug or September

•
CSREES portfolio review in Food Safety for past five years (Feb 22-24, 2005). Required by OMB Budget/performance integration; Conducted by outside review panel; Need ½ page impact reports to help Rao with justification.

•
NRI Budget = $180 MILLION 20% MUST BE SPENT ON INTREGRATED ACTIVITIES! Need input for 2006 RFA. 
Who are the stakeholders & what are their needs? Partnerships? Basic knowledge gaps? Conference grants – how do they help?

•
USDA Secretary Honors award, need to nominate S-295 etc.

Conference Report (Barefoot): The conference - FOOD SAFETY: FROM THE SURFACE UP – will be held February 23-25, 2005 at Springmaid Beach Resort, Myrtle Beach, SC. Presenters will include members and prospective members of the S-295 Technical Committee J. Eifert (VPI), G. Loneragan (WTAMU), M. Brashears (Texas Tech), X. Jiang (Clemson), R. Worobo (Cornell), L. Harris (UC-Davis), J. Dickson (Iowa State), P. Dawson (Clemson). More than 100 participants from industry, academia and regulatory are expected.
Project Reports


Alabama – Auburn University (Stuart Price, Haroldo Toro, Fred Hoerr, Shelly McKee): Salmonella species are a common cause of bacterial food-borne illness in humans in the United States.  One important source of Salmonella is uncooked poultry.  Both competitive exclusion and vaccination can reduce, but not exclude, Salmonella from poultry.  We hypothesize that bacteriophage treatment will augment the effect of competitive exclusion and vaccination in further reducing Salmonella in poultry, and thus reduce human Salmonella infections. Specific aims were to (1) isolate and characterize Salmonella-specific bacteriophage and develop a cocktail of distinct bacteriophage for use in treating chickens experimentally infected with Salmonella, and (2) evaluate the effect of bacteriophage treatment alone and with competitive exclusion on Salmonella counts in experimentally infected chickens.


A cocktail of distinct bacteriophage with different host ranges that induce different plaque types on Salmonella typhimurium cultures was developed.  The killing activity of selected bacteriophages on Salmonella cultures differed significantly as determined by in vitro killing assays.  The bacteriophage cocktail was administered by the oral route to chicks several days prior to and after Salmonella challenge.  Bacteriophages were readily isolated from the feces of treated chickens within 48 h of administration.  


A competitive exclusion product consisting of a defined culture of seven different microbial species was used either alone or in combination with bacteriophage treatment.  Salmonella counts in the intestine, cecum, and pooled liver and spleen tissue were enumerated in Salmonella-challenged chickens treated with bacteriophage, the competitive exclusion product, or both.  In two trials, a beneficial effect of the bacteriophage treatment on weight gain performance was evident.  A reduction in Salmonella counts was detected in bacteriophage-treated, competitive exclusion product-treated, and in the combined treatment group as compared to non-treated birds.  Further work is needed to refine this approach and to incorporate vaccination into a multi-focused strategy to reduce Salmonella from infected chickens.


These preliminary results suggest that isolation of Salmonella-lytic bacteriophages is straightforward, and amplification of bacteriophage species is amenable to scale-up for the production of large quantities of virus necessary for use by producers.  Both bacteriophage and competitive exclusion treatments reduced the number of Salmonella in experimentally infected chickens, indicating that refinement of these treatments to produce an additive pathogen reduction effect is feasible.
Arkansas- University of Arkansas (M.G. Johnson with B. Lungu. R. Nannapaneni, R. Story, K. Wiggins and R. Ivy). Primary focus is on control and destruction of Listeria monocytogenes as a post-heat processing recontaminating bacterial pathogen on RTE foods. The bacteriocin nisin is used in combination with GRAS status food chemicals in edible food coatings composed of the corn protein zein. Potassium sorbate actually decreased the kill caused by nisin. Nisin and sodium lactate combinations killed Listeria monocytogenes cells less effectively in a model food system (1 g pieces of turkey franks) than nisin alone. Sodium diacetate mixed with nisin resulted in a good kill but addition of sodium lactate diminished kill. 
Delaware - University of Delaware (Rolf D. Joerger and S. Snider). The objectives of this research are to provide a basis for reducing foodborne pathogens in animals by characterizing microbiota that serve as potential preventive natural barriers to colonization by foodborne pathogens. In-situ hybridization experiments designed to reveal the location of specific phyologenetic groups of bacteria within the cecae have been completed. Eleven oligonucleotide probes complementary to 16S rRNA sequences for groups of bacteria inhabiting the chicken cecum have been applied to sections of the cecae from chickens ages one to six weeks. We are currently in the process of analyzing approximately 800 images obtained by fluorescent microscopy. Groups of bacteria consistently present in the cecum binding specific probes changed with chicken age. Bacteroides (Bac303), Veillonella (Veil223) and Phascolarctobacterium (Phasco741) probes only occasionally bound to cecal bacteria.  Hybridization signals obtained with Ruminococcus group probes (Rfla729 and Rbro730) were generally not as intense as signals from other probes. Images are currently being analyzed to assess non-specific binding and location of specific groups of bacteria within the cecum and at boundaries between cecal tissue and the cecal lumen.

Our analysis of the E. coli populations in the cecae of birds of different ages has been completed. Repetitive element-anchored polymerase chain reaction (rep-PCR) with the BOXA1R primer was used as the analytical tool.  Computer-assisted analysis of the fingerprint patterns obtained from the E. coli isolates indicated that 18 clusters of patterns with a dissimilarity index >0.3 were present. The diversity of the fingerprints indicated that cecal mucus is inhabited by several types of E. coli in individual birds and in birds housed together. Evidence for the preferential localization of specific E. coli types within the cecal mucus was not found, and ability to tightly associate with the cecal mucus is present in a range of E. coli. Knowing which bacteria are localized at the cecal wall will aid in the selection of bacteria for competitive exclusion products.

Iowa - Iowa State University (James S. Dickson):  
Fresh meat products can become contaminated with the pathogen E. coli O157:H7 during the slaughter process, so identification of an E. coli O157:H7 indicator to verify the effectiveness of process controls in slaughter establishments would be extremely useful.  Bacterial cultures (113 total) were isolated and identified from hides of 20 beef cattle. Thirteen isolates representing four genera Escherichia, Enterobacter, Providencia, and Serratia were selected based on similar growth and biochemical characteristics to five clinical strains of E. coli O157:H7.  Temperature sensitivity of individual isolates and the five E. coli O157:H7 strains at 55 and 65oC was determined.  D65 values for all thirteen isolates were not significantly different from the D65 values of the E. coli O157:H7 strains.  E. coli isolates were the only isolates whose D55 values were not significantly different from the D55 values of the E. coli O157:H7 strains. E. coli isolates P3 and P68 showed greater temperature resistance at 55oC than the other E. coli isolates but were not significantly different (P>0.05) from E. coli O157:H7 WS 3331.  The remaining E. coli isolates P1, P8, and P14 were not significantly different (P>0.05) from E. coli O157:H7 ATCC 35150, ATCC 43894, ATCC 43895 and WS 3062.  

Pre-rigor lean and adipose beef carcass tissue was artificially contaminated with stationary phase cultures of the five E. coli beef cattle isolates or a cocktail of five E. coli O157:H7 strains in a fecal inoculum.  Each tissue sample was processed with the following microbial interventions: 90oC water; 90oC water followed by 55oC, 2% lactic acid; 90oC water followed by 20oC, 2% lactic acid; 20oC water followed by 20oC, 2% lactic acid; 20oC water followed by 20oC, 20ppm chlorine; 20oC water followed by 20oC, 10% trisodium phosphate. The appropriateness of the E. coli isolates as potential E. coli O157:H7 indicator was dependent upon the microbial intervention.  For all microbial intervention methods applied irrespective of tissue type, the mean log10 reductions of at least two E. coli isolates were not significantly different (P>0.05) from the mean log10 reduction of the E. coli O157:H7 cocktail.  Due to the frequent employment of multiple microbial intervention methods in industry no single isolate can realistically represent the effectiveness of all microbial interventions of E. coli O157:H7.  Thus, use of a combination of E. coli isolates may be required to accurately predict effectiveness of microbial intervention methods on the reduction of E. coli O157:H7 from beef carcass tissue.


Kentucky – University of Kentucky (Melissa Newman): Research addressed preventive natural barriers to the colonization of foodborne pathogens with specific focus on the use of yeast cell wall preparations to cure antibiotic resistance in E. coli and Salmonella.  Growth rate and curing percentages were examined in plasmid containing multiple-antibiotic resistant E. coli from swine (32) and Salmonella (16) isolates in the presence and absence of purified (P-YCWP) and non-purified Yeast Cell Wall Preparations (YCWP). Most E. coli isolates (70%) were resistant to more than seven antibiotics and 62% of the Salmonella were resistant to more than 4 antibiotics. None of the YCWP concentrations used affected growth of E. coli or Salmonella spp. isolates compared with control. Adding 0.1% glucose (p<0.0001) to the medium significantly increased growth rates. Although growth was not obviously affected by addition of YCWP, altered antibiotic sensitivity was detected by the Kirby Bauer procedure. However, this alteration was not associated with plasmid disappearance. Persistance of plasmids following treatment translated into the absence of curing for E. coli. However, YCWP (0.3 and 0.5%) demonstrated a curing effect for Salmonella spp. which were previously resistant to ampicillin and streptomycin by Kirby Bauer, replica plating and DNA electrophoresis techniques when compared to controls. Ampicillin (Amp) and streptomycin (Str) resistant Salmonella grown in antibiotic containing media (Amp or Str) were not significantly different compared to controls (no-antibiotics) and their growth rate pattern did not change throughout time. However, those grown in the presence of ampicillin and YCWPs demonstrated a 4 log reduction in microbial population with no differences due to YCWP concentrations (p>0.001). This observation represents ry of ampicillin sensitivity. Salmonella grown in the presence of streptomycin and YCWPs 50% recove demonstrated an 8-log reduction in microbial population with no differences due to YCWP concentrations (p>0.001), representing 65% sensitization or curing. Curing of selected Salmonella spp. was confirmed by the loss of plasmids compared with non YCWPs treated isolates (controls) by DNA electrophoresis. The number of plasmids lost in Salmonella ranged from 1 to all (7) depending upon the isolate. This study suggests that YCWPs could be 1) a potential curing agent for enteric pathogens such as Salmonella spp. 2) an important tool to overcome antibiotic resistance and 3) a natural strategy to enhance the effectiveness and success of antibiotic therapies for control of bacteria infections.

The bacterial resistance that has represented the greatest clinical problem is attributed to plasmid DNA that can transfer antibiotic resistance determinants between bacteria mainly via conjugation. There is growing need to control, prevent or minimize the development and spread of antibiotic resistance plasmids within bacterial communities. This study evaluated natural YCWPs as a method of preventing the transfer of antibiotic resistant plasmids in vitro and in a feces model system. In vitro mating experiments containing treated cultures with YCWPs at concentrations between 0.3 and 0.5% were able to inhibited donor and recipient attachment and delay conjugation (p<0.001). The inhibition provided by YCWP was bacterial density dependent and as the bacterial population increased over the time, more YCWP was required to prevent plasmid transfer. The kinetics of YCWPs inhibition during E. coli conjugation process was explained by Michaelis-Menten model and Lineweaver-Burk plot applied to only at low recipient concentrations, where the relationship between the number of transconjugants and the recipient cells was linear. The feces model experiment demonstrated that 0.3% and 0.5% P-YCWP was significantly more effective in reducing conjugation than YCWP. Transconjugant formation was 1 to 2 log less in the feces model than the transconjugant obtained in broth system, probably due to the stress (pH, aw, oxygen, nutrients and natural microflora) in the simulated natural environment. This study concluded that P-YCWP and YCWP are useful in effective strategies to reduce conjugation between E. coli not only in broth but also in a feces model. YCWPs could also be a non-antibiotic alternative, for the control and reduction of antibiotic resistance transfer, as well as a potential functional ingredient in diet formulations for pigs.


Efficacy of various intervention methods applied to carcasses during slaughter were assessed. Eight market age cattle slaughtered in the University of Kentucky abattoir were inoculated with fecal slurry containing two strains of nalidixic acid resistant Escherichia coli on three locations of the chuck on each side of the carcass. Trial 1 revealed that a 10 s hot water spray was just as effective as the 20 s spray in removing E.coli, as there was no distinguishable difference in population. The shorter flame singe (10 s) was as effective as the 20 s application and the two chlorine solutions (100, 200 ppm) had similar results. The 2% lactic acid spray reduced E. coli populations significantly more than the 1% treatment. Trial 2 compared the four most efficient levels of each intervention method. Efficacy of the intervention methods was observed in the following order: Hot water (10 s) > Chlorine (50 ppm) = Lactic acid (2%) > Flame (10 s). The effect of carcass area was significant following the post treatment hot water rinse. However after treatment applications, hot water rinse, and 24 h chill (2ºC) there was no significant difference between treated and untreated carcasses or between carcass areas. 


 SEQ CHAPTER \h \r 1Production of the long-chain alcohols octanol, decanol and dodecanol by E. coli was examined.  As a follow up to earlier studies on the emission of long-chain alcohols from broth cultures of Gram-negative enteric bacteria, E. coli was examined for the production of 1-octanol,   1-decanol, and 1-dodecanol.  Ten strains of E. coli cultured in tryptic soy broth were assayed for volatile metabolites using solid phase microextraction.  Long-chain alcohols were produced by all strains with 1-decanol predominating with production ranging from 23.6 ng ml-1 to 148 ng ml-1.  The production of long-chain alcohols followed the exponential growth phase of the broth culture.  Doubling the concentration of glucose (5g l-1) in the broth had no effect on the concentration of long-chain alcohols produced.  Addition of octanoic, decanoic, or dodecanoic acids (as K+ salts) to the broth (100 mg l-1) markedly increased the production of the corresponding alcohols by E. coli ranging from a 13-fold increase for decanol to a 51-fold increase for dodecanol.  However, decanol remained the predominant alcohol detected in all assays.  These neutral volatile alcohols may have application as vapor-phase indicators for certain classes of bacteria, particularly, Gram-negative enteric bacteria.


Louisiana - Louisiana State University Agricultural Center (Marlene E. Janes): In this study we investigated the effects that pH, temperature and salt content have on the activities of bacteriophages isolated from oysters against virulent Vibrio vulnificus, attenuated Vibrio vulnificus or Vibrio parahaemolyticus.  

Transmission electron microscope observations showed the bacteriophages active against V. vulnificus and V. parahaemolyticus were predominantly icosahedral with thin flexible tails.  Bacteriophages Vvo, Vvt and Vp retained activity at a pH of 7 and 8 after 36 days at all temperatures tested.  All bacteriophages immediately lost activity at pH 3 and pH 4 for all temperatures tested.   Bacteriophages lost activity by day 28 when stored at 45°C in all salt concentrations tested.  Bacteriophages Vvo and Vvt stored at 4°C in salt concentrations of 6 to 22% and at 30°C in salt concentrations of 6 to 10% remained active throughout day 52.  Bacteriophage Vp remained active in salt concentrations of 6 to 30% at 4°C and in salt concentrations of 6 to 22% at 30°C by day 52.  Our results showed that bacteriophages Vvo, Vvt, and Vp lost activity at an acidic pH and were sensitive to elevated temperatures.  Bacteriophage Vp was more salt tolerant than phages Vvo and Vvt. In the summer months the oyster industry is threatened by closure of water ways and recall of oysters due to V. vulnificus and V. parahaemolyticus contamination. These results indicate that bacteriophages active against the virulent V. vulnificus are naturally found in oysters and could possibly be used as a processing aid to control this pathogen in live oysters.  In the future we plan to use newly isolated bacteriophages against V. parahaemolyticus and V. vulnificus in contaminated shell stock oysters.  Destroying these human pathogens in shell stock oysters will reduce the economic loss due to recalls, protect the oyster industries reputation and the health and welfare of consumers.     


On September 9, 2003, the Food Safety and Inspection Service (FSIS) held a meeting concerning pre-harvest food safety issues.  This meeting focused on the gaps in research needed for the reduction of E. coli O157:H7 and other pathogens such as Listeria monocytogenes in livestock prior to slaughter.  One focus of FSIS is the development of Best Management Practices (BMP’s) to control foodborne pathogens in livestock before slaughter.  The reservoirs responsible for the colonization of cattle with E. coli O157:H7, Listeria monocytogenes or Salmonella species are still poorly understood (Rasmussen and Thomas, 2001).  Reservoirs of E. coli O157:H7 in feedlot areas included feces (0.8%), feed bunks (1.7%), water troughs (12%), and incoming water supplies (4.5%) (Van Donkersgoed et al., 2001).  Buchko et al., 2000, found that when cattle were inoculated with E. coli O157:H7, they could isolate E. coli O157:H7 from 3 of 30 animal drinking water samples, 3 of 30 water trough biofilm swabs, 5 of 30 feed samples, and 30 of 30 manure samples taken from the pens.  They also found that the mouth swabs were positive for E. coli O157:H7 (30 of 180 samples).  A better understanding on how these pathogens survive in biofilms found in cattle water troughs could lead to the development of BMP’s for their control. We investigated the growth of Listeria monocytogenes, enterohemorrhagic Escherichia coli O157:H7 or Salmonella typhimurim in biofilms from cattle water troughs that were placed onto various surfaces then stored at 4°C or 37°C.  


By day 20 at 37°C L. monocytogenes had grown to 7  log CFU/g in biofilms on glass, rubber, or tin whereas L. monocytogenes counts were reduced to 4.68 log CFU/g on the surface of wood which was significantly different from the other surfaces.  However, when grown in biofilms on the surface of copper, L. monocytogenes counts were at non-detectable levels from 8 to 20 days at 37°C.  At 4°C L. monocytogenes was able to grow and maintain counts above 7.0 Log CFU/g on the surface of glass, rubber and tin over the 28 day study.  Conversely, when biofilms were placed on the surface of wood and copper then stored at 4°C L. monocytogenes counts were reduced to non-detectable levels by day 14 for copper and day 21 for wood. Escherichia coli O157:H7 grew to above 8.0 log CFU/g by day 8 in biofilms placed onto the surface of wood, glass, rubber and tin at 37°C and maintain high counts on these surfaces through out the 20 day study.  However, when grown in biofilms on the surface of copper, E. coli O157:H7 counts were at non-detectable levels from 8 to 20 days at 37°C.  Escherichia coli O157:H7 initial counts of about 7.0 log CFU/g in the biofilms on the different surfaces slowly dropped when stored at 4°.  By day 28 at 4°C E. coli O157:H7 counts had reached non-detectable levels in biofilms on the surface of copper, wood and tin.  The E. coli O157:H7 counts were 2.50 log CFU/g for glass and 3.54 for rubber by day 28 at 4°C.  An initial 3.50 log CFU/g of S. typhimurim grew to greater than 9.0 log CFU/g when inoculated into biofilms on wood, glass, rubber and tin by day 4 at 37°.  By day 20 at 37°C S. typhimurim counts were significantly lower in biofilms on the surface of wood and copper with a 1.0 to 1.5 log CFU/g reduction compared to the other surfaces.  At 4°C an initial inoculation of about 6.5 log CFU/g for S. typhimurim was reduced to 3.71 Log CFU/g for biofilms on glass, 4.59 log CFU/g for biofilms on rubber, and 3.49 Log CFU/g on tin by day 28.  Salmonella typhimurim inoculated into biofilms placed on the surface of copper or wood at 4°C were reduced to non-detectable levels by day 28. Our results suggest that copper ions are released slowly over time into cattle water trough biofioms and exhibit antimicrobial effects against L. monocytogenes, E. coli O157:H7 and S. typhimurim at both temperatures tested.  Furthermore, these results showed that wood had antimicrobial effects against L. monocytogenes, E. coli O157:H7 and S. typhimurim when grown in cattle water trough biofilms stored at refrigerator temperatures.    Biofilms from cattle water troughs can support the growth of L. monocytogenes, E. coli O157:H7 and S. typhimurim.  These results suggest that methods need to be developed to control these pathogens in biofilms in cattle water troughs.  Copper could possibly be used to control these foodborne pathogens in cattle water trough biofilms.

Processors are looking for a number of ways to decrease post-cooking contamination of ready-to-eat meat products with L. monocytogenes because of the recent Food Safety Inspection Service (FSIS) “Compliance Guidelines to Control Listeria monocytogenes in Post-lethality exposed Ready-to-eat Meat and Poultry Products.”  One possibility would be the use of acidified sodium chlorite (ASC) solutions that have been approved by the Food and Drug Administration as an antimicrobial agent on processed, comminuted or formed meat food products (21 CFR part 173.325).  This study investigated the effect of acidified sodium chlorite against the growth of Listeria monocytogenes on the surface of cooked roast beef.  

On day 14, L. monocytogenes counts were significantly reduced for all concentrations of ASC when inoculated on the surface of spicy and regular roast beef as compared to control non-treated counts.  At day 28 the 500, 750, and 1000ppm ASC treated spicy roast beef samples had greater than 4.0 Log CFU/g reductions in L. monocytogenes counts whereas the same concentrations of ASC treated regular roast beef samples only had about 2.5 Log CFU/g reductions in L. monocytogenes counts compared to the controls.  Comparisons between spraying and dipping ASC ready-to-eat roast beef samples that were inoculated with L. monocytogenes showed that the bacterial counts only at day 7 for the same concentrations of ASC were significantly different from each other with the spray treatment having a greater reduction in bacterial counts.  In addition, L. monocytogenes counts were not significantly different for the vacuumed or non-vacuum for the same concentrations of ASC over the 28 day experiment.  Evaluation of the color of the roast beef demonstrated that there was little change in color.  The color variation that was detected is considered normal.  

Sensory responses for ASC treated samples were evaluated 28 days after storage.  A hedonic score value of 6 means the product was slightly liked, while a score of 7 and 8 means the product was moderately liked and like very much, respectively.  The product pulled off the line that day was liked very much by the panel (score of 8).  In comparing the samples there was an overall 1.5 point reduction in the ASC treated samples scores as compared to the fresh sample pulled from the production line.  Still, in total there was very little variation between the different products.  

Our results have shown that ASC is effective in inhibiting the growth of L. monocytogenes when this pathogen was grown on the surface of cooked roast beef at refrigerator temperatures.  Furthermore, ASC had no effect on the sensory properties of the cooked roast beef products.  With the recurring recalls of ready-to-eat meat and poultry products due to contamination by L. monocytogenes there is a clear need to develop additional methods to prevent economic loss and possible deaths that can occur from foodborne listeriosis infections.  The method reported here should prove helpful in this quest.

Minnesota- University of Minnesota (Francisco Diez-Gonzalez): 
Development of a probiotic system based on colicinogenic Escherichia coli strains was undertaken to identify colicinogenic E. coli strains that would strongly inhibit serotype O157:H7.  By isolating colicinogenic E. coli from different animal species we would select colicin types that are not normally present in the cattle’s intestine and to which E. coli O157:H7 would be more sensitive. 


A cattle trial using artificially inoculated calves was conducted to determine the effect of feeding E7-producing colicinogenic E. coli on the fecal shedding of serotype O157:H7.  The experiment was divided into three periods and in period 1, 6 calves were used as controls and 8 animals received 107 CFU/g of a mixture of 8 colicinogenic E. coli in the feed, and both groups were inoculated with 1011 CFU nalidixic acid-resistant (Nalr) E. coli O157:H7 7 days after the treatment started. In period 2, the groups were switched as treatment and control groups a day after period 1 and the dose was increased 10-fold. After 5 days without treatment, in period 3 the treatment group from period 2 continued receiving the increased dose of colicinogenic E. coli for 7 more days and then both groups were re-inoculated with the same dose of pathogenic strains. The count of Nalr- E. coli O157:H7 was consistently higher for all three periods for control groups, but a comparison of control and treatment groups indicated statistically significance (P < 0.05) for a difference of 1.15 log cycles at day 21 of period one. However, when the average of the data was compared between the control group during period 1 and the treatment group of period 3 that included the same 6 animals, differences of approximately 1.5 log cycles were observed. This latter comparison had an overall significance of P < 0.002. The calves were euthanized after period 3 and Nalr- E. coli O157:H7 was detected in 44% and 64% of the intestinal tissue samples of the treatment and control groups, respectively, and this difference was statistically significant (P < 0.04). These results indicate that feeding colicinogenic E. coli can reduce the fecal shedding of serotype O157:H7.
A collection of 96 Escherichia coli O157:H7 strains was assessed for resistance potential against colicinogenic E. coli developed as a probiotic for use in cattle. E. coli O157:H7 strains were screened for colicin production, colicin types, colicin resistance and potential for resistance development.  Thirteen of 14 previously characterized colicinogenic E. coli strains inhibited 74 O157:H7 strains. Thirteen E. coli O157:H7 strains were colicinogenic and 11 had colicin D genes.  PCR products for colicins B, E-type, Ia/Ib and M were also detected.  During in vitro experiments, the ability to develop colicin resistance against single-colicin producing E. coli strains was observed but occurred rarely against multiple-colicinogenic strains.  O157:H7 strains did not acquire colicin plasmids or resistance during a cattle experiment. E. coli O157:H7 could develop single-colicin resistance, but development of simultaneous resistance against multiple colicins appears unlikely.  Colicin D appears to be the predominant colicin produced by colicinogenic E. coli O157:H7 strains.

A novel mixture of colicinogenic strains has been developed that could be used to treat cattle to reduce fecal shedding. This unique probiotic mixture is based on the ability of anti-O157 colicins, the identification of specific colicins, their lack of virulence factors, the combination of a diverse type of colicins, and their ability to inhibit other E. coli strains. The potential for resistance development against colicin-based strategies for E. coli O157:H7 control may be very limited if more than one colicin type is used.

Michigan – Michigan State University (Zhinong Yan, Elliot T. Ryser and Ewen C.D. Todd):  Since 1998, over 130 recalls involving more than 80 million of pounds of ready-to-eat meat and poultry products were issued due to Listeria contamination with three of these recalls related to major outbreaks of listeriosis.  Virtually all of these recalls have been attributed to post-processing contamination at the manufacturing facility. This research addresses a critical information gap that has been identified in all Listeria risk assessments, namely, the rate of transfer and spread of Listeria during processing and handling at the manufacturer. This study, which expands on our recent work, assesses quantification of L. monocytogenes from ham (a model meat product) to high-density polyethylene (HDPE) and polyurethane (PU) - two materials used in food contact surfaces and conveyor belts in meat fabrication facilities. Factors affecting Listeria transfer assessed in this study include ham moisture content (0, 15 and 30% added water), the type of contact surface (HDPE and PU), contact pressure (500, 1000, 3000, 5000, 7000 Pa), contact time (15 and 60 seconds), and initial L. monocytogenes inoculum levels (103 and 106 CFU/cm2).  A series of transfer coefficients will then be generated under varying conditions and subjected to mathematical modeling to determine transfer potentials for Listeria cross contamination within meat processing facilities with these results used to fill one of the major data gaps identified in the current 'Draft FSIS Risk Assessment for Listeria in Ready-to-Eat Meat and Poultry Products.  This research, funded through the National Alliance for Food Safety and Security (NAFSS), is a collaborative effort between Michigan State University and the Eastern Regional Research Center of ARS.

Nebraska -University of Nebraska-Lincoln (Curtis L. Weller): Validation of the effectiveness of HACCP systems in food processing plant environments.  A two-dimensional axisymmetric transient heat conduction model was developed to simulate air chilling of large ready-to-eat meat products of ellipsoidal shape. A finite element scheme, using 1,600 linear triangular elements with 861 nodes, was implemented in Matlab® 6.5 to solve the model. The model considered a variable initial temperature distribution and combined convective, radiative and evaporative boundary conditions.  Predicted values agreed well with experimental data collected in actual processing conditions.
Performance of model validity resulted in maximum deviations of 2.54°C and 0.29% for temperature and weight loss histories, respectively. The validated model was used to assess the extent of deviations from stabilization performance standards established by the FSIS, caused by unexpected equipment failure or electrical power outage. A total of 48 simulations also were carried out to establish critical product sizes and operating conditions for compliance with FSIS performance standards. It was concluded that, for cured meat products, small processors should be able to meet the stabilization requirements for any typical commercially available product size, even under "worst-case" simulated chilling conditions. Conversely, for non-cured meats, products should have a maximum weight of 2.25 kg (with typical dimensions of: major axis = 21.2 cm, minor axis = 13.9 cm) in order to comply with FSIS standards, particularly for temperatures between 54.4°C to 26.6°C.

Numerous small meat processors in the United States have difficulties complying with the stabilization performance standards for preventing growth of Clostridium perfringens by 1 log10 cycle during cooling of ready-to-eat (RTE) products. These standards were established by the FSIS in 1999. In recent years, several attempts have been made to develop predictive models for growth of C. perfringens within the range of cooling temperatures included in the FSIS standards. Those studies mainly focused on microbiological aspects, using hypothesized cooling rates. Conversely, studies dealing with heat transfer models to predict cooling rates in meat products do not address microbial growth. Integration of heat transfer relationships with C. perfringens growth relationships during cooling of meat products has been very limited. Therefore, a computer simulation scheme was developed to analyze heat transfer phenomena and temperature-dependent C. perfringens growth during cooling of cooked boneless cured ham. The temperature history of ham was predicted using a finite element heat diffusion model. Validation of heat transfer predictions used experimental data collected in commercial meat-processing facilities. For C. perfringens growth, a dynamic model was developed using Baranyi’s non-autonomous differential equation. The bacterium’s growth model was integrated into the computer program using predicted temperature histories as input values. Predicted growth curves obtained from dynamic modeling showed good agreement with validated results for three different cooling scenarios. Mean absolute values of relative errors were below 6%, and deviations between predicted and experimental cell counts were within 0.37 log10 CFU/g. For a cooling process that was in exact compliance with the time-temperature guidelines included in the FSIS stabilization performance standards, a mean net growth of 1.37 log10 CFU/g was predicted. This study introduced the combination of engineering and microbiological modeling as a powerful tool applicable in food safety programs. The integrated model can be used to provide valuable insights into air chilling of RTE meats for risk assessment and HACCP plans.

The USDA Food Safety Inspection Service requires meat processors to follow time-temperature compliance guidelines to meet stabilization performance standards. The FSIS has proposed that by following these guidelines, allowable growth of C. perfringens is limited to a 1-log10 multiplication during cooling after cooking of ready-to-eat meat products. Numerous small meat processors have difficulties complying with these performance standards. Several attempts, mainly focused on microbiological aspects, have been made to develop predictive models for growth of C. perfringens within the range of cooling temperatures of the guidelines. Conversely, studies dealing with heat transfer models to predict cooling rates in meat products, do not address microbial growth. Integration of heat transfer relationships with C. perfringens growth relationships during cooling of meat products has been very limited. The objective of the most recent work was to integrate a heat transfer model and a C perfringens growth model into a user-friendly computer program for accurate prediction of cooling rates and potential growth of the microorganism during cooling of cooked boneless ham.

The heat transfer component was developed in Matlab® 6.5 using finite element analysis to model two-dimensional axisymmetric transient heat conduction. Validation used experimental data collected in commercial meat-processing facilities. For C.perfringens growth, a dynamic model was constructed using Baranyi’s non-autonomous differential equation. The bacterium’s growth model was integrated into the computer program by using predicted temperature histories as input values. For cooling cooked hams from 66.6°C to 4.4°C using forced air, the maximum deviation between predicted and experimental core temperature data was 2.54°C. Predicted C. perfringens growth curves obtained from dynamic modeling were in good agreement with validated results for three different cooling scenarios. Mean absolute values of relative errors were below 6%, and deviations between predicted and experimental cell counts were within 0.37 log10 CFU/g. For a cooling process that was in exact compliance with the FSIS stabilization performance standards, a mean net growth of 1.37 log10 CFU/g was predicted. This work introduced the combination of engineering modeling and microbiological modeling as a useful quantitative tool for general food safety applications such as risk assessment and HACCP plans.
New York – Cornell University (K. Seibert and R.W. Worobo): Acids are important in food preservation and different acids affect various pathogens differently. Real foods contain mixtures of acids either from their origin or from direct additions of acids influence microbial growth. A study was carried out to determine the binary mixtures of acids on the growth of two surrogates for pathogens. They were a non-pathogenic E. coli and Listeria innocua as surrogate for L. monocytogenes. Two acids with dissimilar minimum inhibitory concentrations (MIC’s) were chosen for each organism. The organisms were grown under the same conditions, at 37C in brain heart infusion at pH 5.25. MIC’s of individual acids were determined and several binary mixtures were then prepared with different concentrations of the acids each of several MIC ratios. The results appeared to be a reasonable fit to expectations for simple additivity (i.e. 0.5 + 0.5 = 1.0), perhaps with a small tendency toward curvature. Simple additivity is a reasonable model for binary mixtures of acids. 
Worobo’s research addressed safety of juice, sprout decontamination, and antimicrobial peptides. The effect of apple varietals on UV inactivation in apple cider was examined. Juice from eight apple varieties (Northern Spy, Red Delicious, Macintosh, Rome, Rhode Island Gold, Cort, Empire, Golden Delicious) typically used for cider was prepared and subjected to ultraviolet light processing. Three strains of E. coli O157:H7 were used as challenge organisms.  Variables were pH and UV exposure level. Malic acid was used as acidulant for pH (3.0-5.5); UV exposure was from 1-14 mJ. No varietal effects were observed; 5-log inactivation regardless of pH, total acidity or soluble solids (Brix). 

A method for decontaminating sprouts was examined. Seeds and finished sprouts of mung bean & alfalfa were inoculated with a 5-strain cocktail of E. coli O157:H7-GFP and Salmonella-GFP species by dip inoculation and subjected to a mild heat treatment (72 hours @ 55°C).  After heat treatment, pathogens were below detection levels. No resurgence of pathogens occurred after sprouting. Germination efficiency was not affected. Scale-up validation testing is being performed.
The search for broad spectrum antimicrobial peptides continues to assess antibacterial and antifungal activities produced by bacteria isolated from honey. Specific honey isolates showed high activity and a broad spectrum of activity. Target indicator strains included
mycotoxigenic and pathogenic molds (human and plant), heat-resistant ascospore producing molds (Penicillium spp., Aspergillus spp., Taleromyces, Byssochlamys spp.). Fungal inhibitors were examined for protease sensitivity, size, and spectrum. Further characterization is ongoing.
Ohio- The Ohio Agricultural Research and Development Center (Jeffrey LeJeune): Farm management practices that reduce the prevalence of foodborne pathogens in live animals are predicted to enhance food safety.  To ascertain the potential role of livestock bedding in the ecology and epidemiology of Escherichia coli O157:H7 on farms the survival of this pathogen was determined in used-sand and used-sawdust dairy cow bedding.  A longitudinal study was conducted to compare the prevalence of E. coli O157:H7 in mature dairy cattle housed on 20 commercial dairy farms that used either sand or sawdust bedding materials.  Escherichia coli O157:H7 persisted at higher concentrations in used-sawdust bedding than in used-sand bedding.  The overall average herd-level prevalence (3.1% vs. 1.4%) and the number of sample days yielding any fecal-positive tests for E. coli O157:H7 (22/60 vs. 13/60 days) was higher in sawdust-bedded herds. The choice of bedding material used to house mature dairy cows may impact the prevalence of E. coli O157:H7 on dairy farms.

Pre-harvest management factors are predicted to impact the prevalence of foodborne pathogens in cattle sent to slaughter.  We simultaneously examined the prevalence and antibiotic resistance patterns of Campylobacter jejuni, Salmonella spp. and E. coli O157:H7 isolated from cull dairy cattle at two livestock auctions in NE Ohio, USA.  Between April and September 2002 a total of 1026 fecal samples were collected. The antibiotic resistance phenotype of foodborne pathogens isolated was determined.  Campylobacter jejuni was isolated from 48/686 (7%) fecal samples; Salmonella spp. was isolated from 39/585 (6.7%) samples; and E. coli O157 isolated from 21/1026 (2.1%) samples.  Of the 585 samples tested for all three pathogens, at least one pathogen was identified in 86/585 (15%) of the samples. One sample was positive for both E. coli O157 and C.  jejuni and five samples yielded both C. jejuni and Salmonella spp.  Herd size of origin could be traced for approximately 75% of samples collected.  Salmonella spp. was isolated at higher frequencies from herds larger than 60 cattle than those smaller than this size (9.0% vs. 3.5%).  In contrast, E. coli O157 and C. jejuni were isolated at similar frequencies, regardless of herd of origin size. Approximately 90% of Salmonella and E. coli O157 isolates were sensitive to a panel of 16 antibiotics.  36% of Campylobacter jejuni isolates were resistant to tetracycline.  In this study, antibiotic resistance among foodborne pathogens isolated from cull diary cattle was rare.  Although dairy herd of origin size was positively associated with Salmonella prevalence, herd size was not found to be strongly associated with E. coli O157:H7 and C. jejuni prevalence in market dairy cattle.  These results can be used to assess the food safety risks associated with the slaughter of cull dairy cattle.

Molecular markers of E. coli O157 pathogenesis: The antiterminator Q gene of bacteriophage 933W (Q933) was identified upstream of the stx2 gene in 90% of human disease-origin E. coli O157:H7 isolates but only in 44.5% of bovine isolates. Shiga toxin production was higher among Q933-positive isolates than Q933-negative isolates.     This genetic marker may provide a useful molecular tool for epidemiological studies.

Wildlife have been proposed as possible vectors responsible for the transmission of foodborne pathogens between livestock operations.  Convenience samples of 72 fecal specimens collected from squirrels, opossums, rabbits, woodchucks, raccoons, mice, deer, raptors, and other wild birds, were obtained upon entry into several wildlife rehabilitation centers in Ohio.  None of the samples was positive for E. coli O157; however, 11/72 (15%) contained Salmonella enterica.   As these species of animals are common visitors to farms, the possibility of these animals disseminating Salmonella species between farms is likely.  Control measures to preclude fecal contamination of livestock feeds and water by wildlife should be strengthened.  

Contamination of the food supply with pathogens and antimicrobial resistant bacteria has emerged as an important health concern.  We compared the microbiological quality of 77 samples of ground beef derived from conventionally-raised cattle with 73 samples of ground beef derived from “organic” cattle raised without the use of antimicrobials.  Contamination with coliforms (log10 of 1.7 CFU/g) and E. coli (log10 0.51 CFU/g) and Shiga toxin2-producing E. coli (6% prevalence) was similar in both sample groups.  Neither Salmonella sp., E. coli O157, nor vancomycin-resistant enterococci were isolated from any sample. Prevalence of E. coli resistant to ampicillin (39%), amoxicillin /clavulanic acid (23%), ceftriaxone (5%), tetracycline (19%), streptomycin (19%), kanamycin (11%), sulfamethoxazole/trimethoprim (2%), and gentamicin  (1%) was similar in both groups.  E. coli resistant to ciprofloxacin was not identified.  Resistance to ceftiofur and chloramphenicol was more prevalent in beef from conventionally-raised cattle at 18% and 30% respectively, compared to 5% and 12% prevalence in beef from cattle raised without antimicrobials.  These results do not correlate with the frequency of subtherapeutic use of these two antibiotics in beef production.  Other factors in addition to, or in lieu of, the subtherapeutic use of specific antimicrobials in the pre-harvest stages of beef production may contribute significantly to the occurrence of antimicrobial resistant bacteria in ground beef.


Effects of a commercial probiotic supplement on intestinal E. coli and growth in the weaned pig: Methods to optimize swine growth without the use of subtherapeutic antibiotics are currently desired.  The use of a commercially available probiotic feed supplement was tested and compared to subtherapeutic antibiotic feeding for its effect on fecal E. coli concentrations, protection from Salmonella and rotavirus infections, and piglet growth under experimental and field conditions.  Under experimental conditions, probiotic-fed piglets had higher total intestinal volatile fatty acid (VFA) concentrations than antibiotic-fed pigs, but similar to VFA concentration to control-fed pigs. Paradoxically, the total fecal E. coli concentration was significantly lower in the antibiotic-fed group than the two other groups.  Prevalence of Salmonella and rotavirus following experimental challenge was similar in all groups.  In the field study, fecal E. coli concentrations, prevalence of Salmonella, and growth production parameters among pigs fed probiotics, antibiotics, or control diets were similar. Pigs fed antibiotics outperformed probiotic fed pigs, but the performance of the antibiotic fed pigs was not significantly different than the pigs on the control diet.  Although the feeding of some probiotic bacteria to livestock are effective at achieving the desired outcomes, the results of this study suggest that the effectiveness of direct feed microbials is strain and possibly farm specific and highlights the need to individually validate probiotic formulations.  Additional details concerning the mechanisms by which probiotics and subtherapeutic antibiotics modulate the ecological balance of bacterial flora in the gastrointestinal tract are required to understand how beneficial effects associated with certain feed additives are mediated. 

South Carolina - Clemson University (Paul L. Dawson and Xiuping Jiang): Effectiveness of handwashing techniques was compared.  The recommended Servsafe method was compared with no washing, cold water rinsing and warm water rinsing on the removal of fluorescent-labeled Escherichia coli from hands after handling inoculated ground beef.  Effects of several different hand washing techniques on E. coli remaining on bare hands and gloves after exposure to ground beef or liquid solution contaminated with a non-pathogenic strain were evaluated. The efficacy of alcohol-based hand sanitizers to replace hand washing was also evaluated.  The recommended “ServSafe” method for food service handwashing was directly compared to no washing, a cold water rinse and a warm water rinse for removal of E. coli after handling inoculated ground beef (~106cells/g). ServSafe, warm water rinse and cold water rinse reduced E. coli cells on hands by 98.0, 64.4 and 42.8 % log10 cfu/ml, resulting in <1, 1.4, and 2.1 log10 cfu/ml E. coli on hands, respectively, compared to 3.6 log10 cfu/ml on unwashed hands.  When food service gloves were worn during handwashing treatments, gloves retained more bacteria than when ungloved hands were rinsed or washed.  A range of 2.9 to 3.4 log10 cfu/ml remained on hands when ethanol-based sanitizers were used instead of handwashing.  Of all handwashing treatments tested in these experiments, the ServSafe recommended method was most effective in removing E. coli from hands and levels remaining after washing by this method were below the threshold of detection. 


A second project evaluated the effect of bacterial residence time, food contact time and surface types on transfer of bacteria to food. Three experiments were conducted to determine; 1. Effect of media on the survival of Salmonella Typhimurium on tile, 2.  Residence time on wood, tile or carpet and food contact time effects on transfer of S. typhimurium to bologna, and 3. Residence time and food contact time effect on S. Typhimurium transfer to bread. Food  was exposed to either tile, wood or carpet and bread was exposed to tile that had been inoculated with S. Typhimurium and held for 0, 2, 4, 8, or 24 hours prior to contact for 5, 30 and 60 sec.  Over two log cfu/ml 10 mL rinse of S. Typhimurium were recovered at 28 days on tiles previously inoculated with one mL of an ~ 8 log cfu/ml culture.  Furthermore, the more nutrient dense medium resulted in a greater number of surviving S. Typhimurium over the 4 week period largely due to an initial lag in the cell death rate in the first hours of exposure.  Inoculum residence time (0-24 hours) had a significant effect on the number surviving cells and the number picked up by the food on both tile and carpet.  When bologna was exposed to tile immediately after inoculation approximately 7.3 logs cfu/ml rinse solution were transferred to bologna.  The transfer rate steadily decreased as the bacterial residence time increased from 2, 4, 8, and 24 hours with a transfer of 6.5, 4.8, 4.6, and 3.9 log cfu/ml of rinse solution, respectively. For bologna exposed to tile, there was generally an increase in cells transferred between 5 and the 30 and 60 second exposure times but over 99% of the cells were picked up after 5 seconds of exposure. Carpet exhibited a very low (<0.5%) percent transfer rate to bologna compared to wood and tile (5-68%). However since carpet retained a higher number of cells, the absolute number of cells transferred to bologna from carpet were greater than the number from wood and tile when contact was 24 hours after inoculation. Bologna exposed to carpet picked up more bacterial cells at 60 and 30 seconds compared to 5 seconds exposure, however these differences were all within 1 log value except for the 24 hour residence time.  Bread exposed to tile exhibited similar transfer rates as bologna. 

At each incremental increase in residence time, there was a decrease (p<0.05) in the number of S. Typhimurium cells recovered from bologna in contact with wood and tile. This trend did not hold for carpet where initial S. Typhimurium levels recovered from bologna after contact at time 0 were lower than that for tile and wood.  At 0, 2, and 4 hours, there was no difference in bacteria transferred to bologna from carpet however at 8 hours residence time, the carpet transferred about 1.5 log cfu/ml rinse (2.5 cfu/slice) more than wood.  There was a similar trend for transfer of bacteria from tile and wood to bologna in that there was a rapid decrease in the transfer rate between 0, 2 and 4 hours after which the transfer rate levels of from 4 and 24 hours residence time.  Carpet displayed a different transfer rate curve over time with very little change between 0 and 4 hours of residence time followed by a steady decrease in transfer rate through 24 hours. 


One contact surface (tile) was evaluated for transfer of S. Typhimurium to white bread.  The residence time of S. Typhimurium on tile was the only factor that had a significant effect (p<0.0001) on the number of cells transferred and the percent of cells transferred to bread.  Overall, contact time effect did not have a significant effect on cell transfer to bread except at the 8 hour residence time where the 5 sec contact time differed by more than 0.5 log cfu/ml rinse (1.5 cfu/slice) less than the 30 and 60 sec contact times.  A contact time effect was found at the 8 hour residence time for all surfaces (bologna and bread).  This was not the case for any other residence time. In addition, the transfer rate curves for bread and bologna exposed to inoculated tile were remarkably similar despite obvious differences in surface properties and surface moisture levels.  Both bologna and bread exposed to tile displayed two straight line phases between residence times of 0 and 4 hours and between 4 and 24 hours.   This implies that bacterial transfer from surfaces to food is more dependent on the “source” surface (bacterial levels present and surface properties) and less dependent on the characteristics of the “destination” food properties.  Moore et al. (2003) also reported differences in bacterial transfer rates from surfaces to food due to source surface residence time as well as an effect due to “wet” vs. “dry” lettuce.  However, the “dry” lettuce had a higher transfer rate when contact with the contaminated surface was at bacterial residence times of 1 hours or less, while “wet” lettuce had higher transfer rates at 2-hour residence times.  Thus, residence time and the source surface properties had an overriding effect on transfer rate.  Differences between the current study and that of Moore et al. (2003) include the food materials used (bologna/bread and lettuce, respectively) and bacterial residence times (0-24 hours and 0 - 2 hours, respectively). 


While food contact time had no effect on the percentage of S. Typhimurium transferred bacterial residence time prior to food contact did affect the percentage of cells transferred and exhibited a similar trend for all surfaces. The percentage of bacterial cells transferred decreased as from initial rates as the intermediate residence times were reached, then the rates increased at the latter residence times (Table 1). The 4 hour residence time had the lowest percentage transfer of available cells for tile and wood for both bologna and bread.  Carpet displayed a similar trend however the percentage transfer was so low for carpet that these differences are not different from a practical standpoint.  All percentage transfer rates for carpet at different residence times were below 0.5%.  However, this did reveal that while carpet did not transfer a high percentage of bacterial cells present, actual numbers transferred were in the same range as other surfaces and that carpet retained a greater percentage of viable bacteria longer.  This is particularly evident in the first 8 hours when over 8.4 log cfu/ml rinse were recovered from carpet compared to tile and wood which cell recovery decreased from ~6.5 to 4.5 log cfu/ml rinse between 0 and 8 hours (Figure 4).  Therefore while the “wicking” effect of carpet may have reduced the percentage of cells transferred upon food contact, this effect also created an environment that allowed bacteria to survive resulting in total levels 10 to100 times greater than wood and tile after 24 hours. The data collected on handwashing effectiveness and bacterial transfer to food from different surfaces will be used to develop training material for food service workers in conjunction with ServSafe programs.
Prevalence of antibiotic resistant commensal bacteria in farm environment: The use of antibiotics in livestock production results in a large percentage of commensal microbial flora becoming resistant, and those resistant bacteria can serve as a resistant gene pool to transfer these genes to foodborne pathogens or other bacteria in the environment. Farm environment could be a significant source of ceftriaxone-resistant bacteria for the livestock. A total of 110 ceftriaxone-resistant bacteria (MIC≥128 μg/ml) were isolated from Clemson University dairy and poultry farms and tested for  resistance to 9 antibiotics: ampicillin, ceftriaxone, streptomycin, kanamycin, gentamicin, chloramphenical, tetracycline, ciprofloxacin and nalidixic acid. The presence of class 1 integrons was screened by PCR amplification using a pair of primers complementary to conserved segments. Commensal bacteria with reduced susceptibility to ceftriaxone (MIC>16 µg/ml) ranged from 0.06%~3.94% in chicken feces to 2.1% to 12% in dairy feces. Among environmental samples, feed and drinking water contained ca. 2 to 6% and 5 to 8% ceftriaxone resistant bacteria, respectively. The most prevalent resistance pattern among isolates (31.8%) included resistant to all nine antibiotics. Class 1 integrons were detected among some multiple antimicrobial resistant isolates. Ceftriaxone resistance isolates included Abiotrophia adiacens, Aerococcus viridans, Cedecea lapage, Chryseomonas luteola, Salmonella species, Shigella species, Stenotrophomonas maltophilia, and Streptococcus zooepidemicus. Results from this study indicated that farm environment serves as a reservoir for ceftriaxone resistance and multiple antibiotic resistance in commensal species.

Microbiological analysis of wild-caught SC shrimp versus farm-raised imported shrimp: Twenty-one shrimp samples of SC shrimp and imported shrimp were analyzed for total bacterial counts; bacteria resistant to ceftriaxone, tetracycline, and chloramphenicol; and bacterial indicators and pathogens (coliforms, E. coli, V. parahaemolyticus, Listeria, and Salmonella).  Thirteen farm-raised imported frozen shrimp samples were purchased from supermarket chain stores or seafood outlets and analyzed within three days of purchase. The wild-caught South Carolina fresh and frozen samples were purchased either from Charleston or from local distributors and analyzed on the same day. 

Statistical analyses show no significant (p< 0.05) difference between the total bacterial counts of wild-caught South Carolina shrimp samples and farm-raised imported samples. Total bacterial counts of all samples did not exceed the limits (1 x 107 CFU/g) recommended by the International Commission on Microbiological Specifications for Foods.  Resistance of isolates from farm-raised imported samples to chloramphenicol, kanamycin, nalidixic acid and tetracycline was greater than resistance of isolates from wild-caught South Carolina samples.  Most isolates from imported shrimp samples were resistant to multiple antibiotics. Vibrio parahaemolyticus was detected in one wild-caught South Carolina shrimp sample and was resistant only to ampicillin.  Another Vibrio spp. isolate was detected in one wild-caught South Carolina sample and was not resistant to any one of the nine antibiotics tested. No Listeria and Salmonella were detected in wild-caught South Carolina samples.


Vibrio vulnificus was detected in one sample farm-raised imported shrimp and was resistant to two antibiotics, i.e., nalidixic acid and trimethoprim. Salmonella spp. was detected in one of the farm-raised imported samples and was resistant to 4 antibiotics- ampicillin, ceftriaxone, gentamicin and streptomycin. Listeria ivanoii was detected in two farm-raised imported samples. One strain was resistant to ampicillin, naldixic acid, tetracycline and trimethoprim, and another strain was resistant to six antibiotics, i.e., ampicillin, ceftriaxone, chloramphenicol, naldixic acid, tetracycline and trimethoprim. Listeria innocua was detected in one of the farm-raised imported samples and was resistant to both ceftriaxone and nalidixic acid. 


The occurrence of multiple antibiotic resistances in imported shrimp sample isolates suggests the possible use of antibiotics in raising shrimp in these countries.


Texas – Texas Tech University and West Texas A&M (Mindy Brashears and Guy Loneragan):  Various interventions to reduce pathogens in ground beef were examined.  Treatments had no impact on sensory properties; high acid treatments were not more effective than low acid treatments. Acid treatments and acidified sodium chloride yielded similar results. 
Combinations of acid and acidified sodium chloride were studied, but no benefit was observed. Combined cultures of lactic acid bacteria were effective in reducing both Salmonella and E. coli O157:H7 in fresh ground beef and sensory properties were not changed. Dr. Brashears is working with the USDA and FDA for approval and other work is underway.
Virginia – Virginia Tech (Robert C. Williams, Susan S. Sumner, Merle D. Pierson, Joseph D. Eifert): Survival of Listeria monocytogenes, Listeria innocua, and lactic acid bacteria species in chill brines was examined.  The objective of this study was to determine the effect of a three strain cocktail of lactic acid bacteria Enterococcus faecalis, Carnobacterium gallinarum, and Lactobacillus plantarum on the survival of Listeria monocytogenes and Listeria innocua in brines stored under low temperatures up to 10 days. Three brine concentrations (0%, 7.9%, and 13.2% NaCl) were inoculated with ~7.0 log10 cfu/ml of one of five cocktails (L. innocua, L. monocytogenes, lactic acid bacteria (LAB), L. monocytogenes + LAB, or L. innocua + LAB) and stored for 10 days at either 4°C or 12°C. No reductions of L. monocytogenes were seen in 7.9 or 13.2% NaCl with LAB; however, reductions of L. monocytogenes were seen in the 0% NaCl with LAB (1.43 log at 4°C and 3.02 log at 12°C). L. innocua was significantly less resilient to environmental stresses than L. monocytogenes, both with and without LAB present (p<0.05). This research indicates these strains of lactic acid bacteria are not effective at reducing L. monocytogenes in brines at low temperatures. Furthermore, the use of L. innocua as a model for L. monocytogenes is not appropriate under these environmental conditions. 

The efficacy of ultraviolet light treatment for the reduction of L. monocytogenes in raw fluid goat milk was examined.  The influence of temperature on bacterial reduction in UV irradiated milk was tested.  Commercially processed skim, reduced fat (2%), and whole milk samples were inoculated with a naladixic acid resistant E. coli O157:H7 surrogate (ATCC 25922), maintained at or brought to 4C and 20C, respectively, and then exposed to a UV light dose between 5.3-6.3 mJ/cm2 for approximately 1.5 sec using the CiderSure 3500 apparatus (FPE Inc., Macedon, NY).  Bacterial populations before and after UV exposure were enumerated and the results indicated that processing temperature was not significantly related to bacterial reduction.  The results did indicate that skim milk samples had a greater bacterial reduction, regardless of processing temperature compared to reduced fat milk and whole milk samples.  Solids such as milk fat, protein, lactose and minerals, in the milk have a greater effect over bacterial reductions than processing temperatures.


Traditional goat cheeses are produced using unpasteurized milk, which increases the food safety concerns for these types of products.  Fresh goat’s milk was inoculated to 107 cfu/ml with Listeria monocytogenes (L-2289) and exposed to UV light using the CiderSure 3500 apparatus.  Inoculated milk was exposed to an ultraviolet dose range between 0 and 20 mJ/cm2 to determine the optimal UV dose.  A greater than 5-log reduction was achieved (p<0.0001) when the milk was passed through the machine 12 times for a cumulative exposure time of roughly 18 sec and a cumulative UV dose of 15.8 +/- 1.6 mJ/cm2.  The results of this study indicate that UV irradiation could be used for the reduction of L. monocytogenes in goat milk.

Organoleptic consequences of goat milk treated with UV technology were assessed.  Goat milk samples were processed using an ultraviolet fluid processor 12 consecutive times for an exposure time of approximately 18 sec and targeted UV dose of 15.8 +/- 1.6 mJ/cm2.  Sensory studies were conducted and a highly significant difference was determined between the odor of fresh goat milk and milk that had been exposed to UV light.  The extent of lipid oxidation and hydrolytic rancidity was measured by thiobarbituric acid reactive substances (TBARS) and acid degree values (ADVs).  Results indicated that as the UV dose increased, there was a significant increase in TBARS values and ADVs of the milk samples.  Milk samples were processed using the UV processor under the same conditions as previously described but without exposure to the UV source to determine if the agitation from pumping was causing off-flavors.  The ADVs from these samples increased at the same rate as the UV irradiated samples; however, sensory studies indicated that the increase of free fatty acids (FFA) was not enough to cause detectable off-odors in the milk.  Solid phase microextraction and gas chromatography (SPME-GC) was utilized to quantify the production of volatile compounds that were formed due to UV processing.  The formation of pentanal, hexanal and heptanal was identified after as little as 1.3 mJ/cm2 UV dose.  Peak areas were measured and analyzed after 7.8 mJ/cm2 and 15.6 mJ/cm2 and were determined to increase significantly as UV dose increased (p <0.05).  The chemical analyses supported the findings from the sensory studies.  The outcome of this research showed that UV irradiation at the wavelength 254 nm, was detrimental to the sensory quality of milk.  When developing novel technologies; safety, sensory properties and consumer acceptance are important factors for the success of the technology.

Alternative processing technologies and chemical preservatives were examined as methods to improve the safety of fruit juices. Fresh apple cider and orange juice were tested for the presence of E. coli O157:H7 and Salmonella. Juices were inoculated with nalidixic acid-resistant test cultures and treated with chemical preservatives either before or after application of the following alternative processing technologies:  UV, ozone, or high pressure processing. Juice portions containing no preservatives, will serve as controls.  Inoculated juices will contain one of the following treatments: sodium benzoate (NaB), potassium sorbate (KS), dimethyl dicarbonate (DMDC), hydrogen peroxide (HP), or cinnamic acid (CA).  Inoculated test juices will be treated at 4 and 25C. These storage temperatures (4 and 25C) are selected as representative of proper refrigeration and unrefrigerated temperatures, respectively. Data obtained from this work is currently being analyzed.  However, preliminary analysis show that the efficacy of ultraviolet light and antimicrobial agents are dependent on one another. Some antimicrobial agents (e.g., potassium sorbate) have a negative effect on UV efficacy.  Also, the point in the processor where antimicrobial agents are added, i.e., before or after treatment with UV, influences pathogen reduction. 

This research team intends to explore methods to improve recovery and detection of Cryptosporidium parvum from foods.   Cryptosporidium parvum is an important food-borne parasite that causes gastrointestinal illness in humans. While C. parvum infections have been most commonly associated with contaminated water, the number of food borne cryptosporidiosis cases has increased in recent years. While there have been a number of efforts to optimize detection of C. parvum in fecal material, finished drinking water, and untreated turbid surface waters, little work has been performed to improve detection of C. parvum in food products, especially produce. Therefore, development and improvement of current methods for C. parvum in foods is needed.

The objectives of this work are to optimize (1) oocyst removal methods (detergent elution, glycine, and phosphate buffered saline elution, sonication, pulsification, stomaching, and agitation), (2) oocyst concentration methods (immunomagnetic separation, sucrose gradient centrifugation, NaCl flotation, and centrifugation) and (3) detection methods (real-time PCR, immunomagnetic fluorescence, and flow cytometry) to improve detection of C. parvum in apple juice, lettuce, and strawberries.  Ultimately, this work will improve detection and recovery of Cryptosporidium parvum from foods and contribute to improved safety of fresh produce and fruit juices.

Packaging products under vacuum and modified atmosphere packaging conditions can significantly extend the shelf life of refrigerated fish products.  The U.S. Food and Drug Administration currently requires that un-pasteurized refrigerated fishery products must be packaged using films with a minimum oxygen transmission rate (OTR) of 10,000 cc/m2/24h@70C, unless time/temperature indicators are used as a control procedure, or inoculated pack studies have been conducted under moderate temperature abuse conditions showing that the product is safe when using a higher barrier film.  A study was completed to determine if Clostridium botulinum toxin development precedes microbiological spoilage and sensory rejection in fully cooked battered and breaded Alaskan pollock and raw aquacultured flounder fillets.  These fish products were either aerobically packed, vacuum packed or packaged in a 100% CO2 atmosphere.  Flounder fillets were stored at either 4 or 10C while pollock portions were stored at 8 and 12C. Additional samples were inoculated with nonproteolytic C. botulinum and analyzed qualitatively for botulinum toxin using a mouse bioassay.  

For both products, toxin production was detected before microbiological spoilage under some combinations of storage temperature and modified atmosphere (vacuum or 100% CO2).  In many cases, microbiological spoilage did not correspond to organoleptic evaluations of product.  The study concluded that for refrigerated raw flounder fillets:  1) Absolute sensory spoilage will occur prior to toxin formation in refrigerated raw flounder fillets packaged using a  film with an OTR > 3,000 cc/m2/24h@70C or greater, when stored at 39F (4C) or 50F (10C);  2)  Use of 100% CO2 atmosphere is not recommended for refrigerated raw flounder fillets, since toxin can form prior to sensory spoilage;  3) Using  reduced oxygen packaging (ROP) films with < 3,000 cc/m2/24h at 70C is not recommended for packaging refrigerated raw flounder fillets, since toxin can form prior to sensory spoilage.  And, for fully cooked refrigerated batter and breaded Pollock portions: 1) It is not recommended to ROP refrigerated fully cooked batter and breaded fish portions; 2) There was no correlation between aerobic plate counts and toxin formation; 3) Toxin formed in the aerobic packaged product prior to sensory rejection (OTR 6,000 cc/m2/24h at 70C) at 53°F (12°C), and in the vacuum packed product (OTR 7.3 cc/m2/24h at 70C), when stored at  47°F (8°C) and at 53°F (12°C); 4) Toxin did not form in Pollock portions stored at 47°F (8°C) and at 53°F (12°C), when the package atmosphere was 100% CO2.
This study demonstrated that storage temperature, species of fish, initial bacterial load, package atmosphere and packaging film oxygen transmission rate all must be considered during product development and for prescribed storage conditions.  The following general guidelines are appropriate for all ROP refrigerated fishery products:  1) Refrigerated storage of ROP fishery products requires storage temperatures of 40° F (4°C) or less to ensure product safety from the time of packaging, through distribution and storage by the consumer; 2) Safe handling of all ROP refrigerated fishery products requires the maintenance of  proper product temperatures from packaging through consumption; 3) A “Keep Refrigerated” label is required on each  master carton and on each individual package; 4) A “Use By Date” on each package is highly recommended.
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