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Surrogates: when appropriate or necessary? 

• In-plant validation studies  
– usually almost always involve use of surrogates 
– introduction of the pathogen usually considered an unacceptable risk 

• E.g., continuous flat bed dry roaster 

 
 



Pathogens: when appropriate or necessary? 

• When parameters can be mimicked in the laboratory or on pilot scale equipment 
– E.g., oil roast, water blanch 

 

• In very rare cases pathogens may be used for in-plant validation where: 
– No surrogate exists 
– Contamination of equipment/facility is unlikely 
– Precautions are taken/planned in advance 
– Experiments are planned/executed with  

guidance of experts 

 
 

 

 



What makes an ideal surrogate? 

• Non-pathogenic 

• In low moisture foods (e.g., almonds) 
– Similar desiccation tolerance 

• Represents pathogen of concern or “target organism” 
– For almonds and other tree nuts: Salmonella 

• Similar inactivation characteristics and kinetics 
–  Predict target organism 

• Easy preparation 
– Stable high-density populations 
– Easy to enumerate 

Salmonella 

See: 
http://www.fda.gov/Food/ScienceResearch/ResearchAreas/SafePra
cticesforFoodProcesses/ucm094141.htm 

http://www.fda.gov/Food/ScienceResearch/


Almond Board Microbial Surrogate Development 2004-2007 

Potential Surrogates for Salmonella 
Culture Names and Source ID 

Salmonella culture Salmonella Enteritidis Phage Type 30 (ATCC BAA-1045)  (SE PT 30) 

Surrogate cultures 

Pantoea agglomerans SPS2F1  (PA) 
Pediococcus spp. NRRL B-2354   

(Reclassified as Enterococcus faecium) (PD) 
Enterococcus faecalis (ATCC 49452)  (EF) 
Lactobacillus plantarum (ATCC 14917)  (LP) 
Lactobacillus fermentum (ATCC 9338)  (LF) 
Streptococcus faecalis (ATCC 33186)  (SF) 



Potential Surrogates Screened (Dry Heat) 

Salmonella Enteritidis PT30 

Pantoea agglomerans 

Enterococcus faecium 
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Pantoea agglomerans and Enterococcus faecium were chosen for further study 



E. faecium NRRL B-2354/ATCC 8459 

• Originally Micrococcus freudenreichii Guillebeau  
– Isolated from milk and dairy utensils 
– Used as a surrogate for thermal processing of dairy products (1947) 

 

• Renamed Pediococcus sp. 

 

• Reclassified as Enterococcus faecium (Ma et al., 2007) 
– Evaluating use as a surrogate for meat 

 

• Deposited to 
– American Type Culture Collection ATCC 8459 
– Northern Regional Research Laboratory NRRL B-2354 

• USDA National Center for Agricultural Utilization Research 
 
 

http://atcc.org/Products/All/8459.aspx  
Annous and Kozempel. 1998. J. of Food Protection 61(5):578 

Ma et al. 2007. J. of Food Protection 70(4):952  
Kornacki, J. L. 2012. Food Safety Magazine. 

https://commons.wikimedia.org/wiki/File:Entercoccus_sp2_lores.jpg 
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Isolated from cheese1970 renamed pedio2007 renamed faecium (work from the Doyle lab)Long history of safe use as surrogate organism in almonds, ground beef, and cider, amongst other products.



Reduction of Salmonella Enteritidis PT30 and E. faecium NRRL B-2354  
(laboratory ovens, 2007) 
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Thermal treatment: 15 min, 280°F; Fisher Ovens 

Influence of storage time at 4°C on thermal tolerance of  
E. faecium NRRL B-2354 and Salmonella Enteritidis PT30 
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Thermal treatment: 15 min, 280°F; Fisher Ovens 

Influence of storage time at 4°C on thermal tolerance of  
E. faecium NRRL B-2354 and Salmonella Enteritidis PT30 
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15 min, 280°F in gravity feed (Fisher 625 G) or forced air (Fisher 725 F) oven 

Ovens are not equal - Enterococcus faecium NRRL B-2354  



Hot oil 121°C/250°F 
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Salmonella Enteriditis PT 30  

E. faecium NRRL B-2354 

Kaur and Harris, unpublished 
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E. faecium NRRL B-2354 has been used for many years as a successful surrogate organism for SalmonellaIn this example, work done by the lab of Dr. Linda Harris, *describe graph and medium and oil*, this thermal tolerance curve measures the effect this treatment has on each organism, almost the same, successful surrogate for this medium and this method of pasteurization



E. faecium NRRL B-2354 a useful surrogate in moist air heating 

• Conclusions 
• NRRL B-2354 is a conservative 

surrogate for SE PT30 in the 
targeted reduction range  
of 4 to 5 log 

 
• a potentially useful surrogate 

for steam heating 
 

Jeong et al. 2011. Journal of Food Protection 74(4):603. 
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Comparisons to other pathogens 
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Reductions during desiccation on almonds 

Moussavi and Harris, unpublished 
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Mean ± SD reduction of E. faecium, Salmonella Enteritidis PT30 and different �E. coli O157:H7 or L. monocytogenes strains on inoculated almonds before exposure to heat treatments (n = 6). Columns denoted with different letters are significantly different (P < 0.05).



Reduction of in hot water (176°F/80°C) E. faecium NRRL B-2354,  
E. coli O157:H7,  Listeria monocytogenes, and S. Enteritidis PT30 
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Reduction in oil (250°F/121°C) Listeria monocytogenes, E. coli O157:H7,  
E. faecium NRRL B-2354 and S. Enteritidis PT30  on almonds 
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Moussavi and Harris, unpublished 



E. faecium NRRL B-2354 is an  
appropriate surrogate for Salmonella  
in almonds 
• Jeong et al., 2011 Journal of Food Protection 

74(4):603 
– Moist air or steam processes (ambient or vacuum)  
 

• NFL and Deibel Laboratories, 2007 
– Dry-heat processes:  

• dry roast,  
• brine and pre-wet dry roast,  
• dry roast flavoring,  
• dry plasticizing 

 

Jeong et al. 2011.  

ABC, 2014 

http://www.almondboard.com/Handlers/Documents/Enterococcus-Validation-Guidelines.pdf 
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E. faecium: impact on human health  

Used in some food 
fermentations 

Sold as a probiotic 
(humans and animals) 

Antibiotic-resistant, 
opportunistic pathogen 



Each bacterial strain is genetically distinct 
Thermal tolerance 

Antibiotic resistance 
Virulence 

Strain specificity of E. faecium  

78% genetically related 70% genetically related 

Staley 1997 Cur Op Biotechnol 



How to evaluate bacterial strains for safety  

Phenotype Genotype 



Complete genome: 
Chromosome (2.6 Mbp)  
One plasmid (214 kbp)  
 
Genome of  
E. faecium ATCC 8459 
is over 99% identical 

Genome sequence of NRRL B-2354 

Kopit et al (2014) Appl Environ Microbiol  
Kim et al (2013) Appl Environ Microbiol 



Clinical 
 
Community 

Hierarchical clustering based on 128 E. faecium genomes 

NRRL B-2354 is a “community” strain  



NRRL B-2354 is distinct from other strains 

• 45 genes not found in >100 
other E. faecium genomes. 
Contained in loci (SPs) 
 

• Lacks cas –CRISPRs for 
viral recognition 
 

• Fewer mobile elements, 
virulence genes, and genes 
for antibiotic resistance 
than clinical strains 



Cultures grown on tryptic soy agar with 5% defibrinated horse blood 

Negative control: 
E. coli DH5α 

Positive Control: 
E. faecalis ATCC 

29212 

cyl genes are not present in NRRL B-2354 

NRRL B-2354 does not produce hemolysin 
NRRL B-2354 

Presenter
Presentation Notes
Thinking back to the EFSA document, the next step was Antibiotic sensitivity



acm E. faecium NRRL B-2354 

 acm E. faecium TX0082 – Clinical 

E. faecium NRRL B-2354 contains:  
  - scm (collagen I and IV adhesin) 
  - sagA (fibrinogen, fibronectin, collagen I adhesin) 
  - acm (collagen I adhesion)  

100% coverage, 99% nucleotide identity 

Virulence Factor: adhesion to human proteins 

Presenter
Presentation Notes
1.1 kbp insertion at the 5’ end when compared to clinical strain and …



NRRL B-2354 does not bind collagen 

Adherent cells were stained with crystal violet, positive control: clinical strain E. faecium TX0082, 
Tukey’s HSD, P < 0.05  

n=3 

Clinical 

Presenter
Presentation Notes
Bound to collagen type I, adhered cells stained with crystal violet and measured absorbance at 595nmResults agree with genome, non-functional, adhesion barely above background levelsWe also looked at the production of a hemolysin, a trait commonly seen in clinical strains



NRRL B-2354 does not form biofilms 

2000 bp 



NRRL B-2354 does not make pili 

Transmission electron microscopy 
B-2354 contains pil operon and efaA but lacks ebp genes  

NRRL B-2354  TX0082 



Minimum inhibitory concentration, BD Phoenix system, UC Davis Medical Center 

NRRL B-2354 is sensitive to antibiotics 

Presenter
Presentation Notes
As you can see, all were sensitive, but wanted to call attention toAminoglycosides Binds to 30S (some to 50S) ribosomal subunit, inhibit protein synthesis Cephalosporins (first generation) Similar to beta-lactams, inhibit peptidoglycan synthesis  Cephalosporins (second generation) Similar to beta-lactams, inhibit peptidoglycan synthesis Glycopeptides Inhibit peptidoglycan synthesis Macrolides Binds to 50S ribosomal subunit, inhibit protein synthesis Nitrofurans Damages bacterial DNA (reduced form is very reactive) Penicillins (and combinations) Similar to beta-lactams, inhibit peptidoglycan synthesis  Quinolones Inhibit DNA replication/transcription by inhibiting DNA gyrase Tetracyclines Bind to 30S ribosomal subunit and inhibit binding of aminoacyl-tRNA to mRNA-ribosome complex



Incubated in physiological saline, pH 2.4 

Clinical  

Limit of detection 

NRRL B-2354 is acid tolerant 



NRRL B-2354 is thermal tolerant 

50 °C 

60 °C 
 

Incubated in physiological saline, LOD = 20 CFU/mL 

Clinical  

Limit of detection 



Regulatory advice: E. faecium strain biosafety 

European Food Safety Authority (2012)* 
Absence of esp, hyl, IS16 (marker of hospital-

associated strains) 
Sensitive to ampicillin 

* Safety evaluation of E. faecium strains intended as additives in animal feed 



Conclusions 

E. faecium NRRL B-2354 (ATCC 8459) lacks phenotypic and 
genotype features of clinical strains 
 
According to our assessments E. faecium NRRL B-2354 
(ATCC 8459) is safe for use in thermal process validation tests 
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Presentation Notes
Based on our findings and combined with the long history of safe use of this organism, this strain could continue to be used as a surrogate for the validation of thermal processing.
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Overview 

• Review criteria to select a surrogate organism  
• Review ABC guidelines for preparation and evaluation of surrogate heat 

resistance 
• Summary of ongoing research at The National Food Laboratory to evaluate the 

appropriateness of Enterococcus faecium NRRL B-2354 as a surrogate for 
Salmonella Enteritidis PT30 on almonds 

Extended storage of surrogate-inoculated almonds 
Thermal resistance of surrogate on different almond types 

Presenter
Presentation Notes
Evaluation of Thermal Resistance of Surrogate on Four Different Almond TypesImpact of Extended Storage on Inoculated Almonds with Surrogate Organism What is the impact of almond types on thermal resistance of the surrogate?



Selection of a Surrogate 

• Identify the target organism 
Based upon food safety plan 
Outbreaks in similar ingredients/products 

• Food matrix composition/parameters 
Worst case scenario 

• Thermal process parameters 
• Select potential surrogate(s) 
Non-pathogenic 
Stable 
Easy to grow to high levels 
Similar thermal resistance to the target organism 

How is the appropriateness of a surrogate organism determined? 

Enterococcus faecium  

Pediococcus acidilactici 

Presenter
Presentation Notes
Evaluation of Thermal Resistance of Surrogate on Four Different Almond TypesImpact of Extended Storage on Inoculated Almonds with Surrogate Organism What is the impact of almond types on thermal resistance of the surrogate?



Selection of a Surrogate 

• Understand the thermal resistance of target organisms in the 
selected food matrix 

• Understand the thermal resistance of the surrogate organism to the 
same conditions 

Main goals when evaluating a surrogate: 

Surrogate organism should 
demonstrate similar or greater 

resistance to heat 

Presenter
Presentation Notes
Evaluation of Thermal Resistance of Surrogate on Four Different Almond TypesImpact of Extended Storage on Inoculated Almonds with Surrogate Organism What is the impact of almond types on thermal resistance of the surrogate?



Selection of a Surrogate for Almonds 

Consideration 
 Identify the target organism 

Food matrix 

Process parameters 

Selection of a surrogate 

 

Almonds 
S. Enteritidis PT30 

Whole kernel almonds 

Dry roasting  

E. faecium NRRL B-2354 
 

Presenter
Presentation Notes
Evaluation of Thermal Resistance of Surrogate on Four Different Almond TypesImpact of Extended Storage on Inoculated Almonds with Surrogate Organism What is the impact of almond types on thermal resistance of the surrogate?



ABC Surrogate Evaluation Guidelines 

ABC published a protocol, “Guidelines for Using Enterococcus faecium NRRL 
B-2354 as a Surrogate Microorganism in Almond Process Validation”, to 
provide guidance to the industry on the following points: 
  Preparation of E. faecium NRRL B-2354 culture for inoculation 

  Inoculation of almonds with the prepared E. faecium NRRL B-2354 culture 

  Heat resistance verification for E. faecium NRRL B-2354 on the inoculated almonds 

  Storage of the inoculated almonds prior to validation testing 

Can the protocols be refined further to provide more 
flexibility in their use for the validation of almond processes? 

Presenter
Presentation Notes
Evaluation of Thermal Resistance of Surrogate on Four Different Almond TypesImpact of Extended Storage on Inoculated Almonds with Surrogate Organism What is the impact of almond types on thermal resistance of the surrogate?



Reevaluate ABC Surrogate Evaluation Guidelines 

Reevaluate the following limitations of the protocol: 

The almonds inoculated with the surrogate should be used within two weeks 
of preparation and stored at 38-40°F (refrigeration temperatures). 
 Can inoculated almonds be stored beyond 14 days without sacrificing heat 

resistance?  
 Do inoculated almonds need to be stored at refrigeration temperatures? 

The heat resistance of E. faecium NRRL B-2354 and its correlation to S. 
Enteritidis PT30 was completed using whole intact almonds. 
 Can whole kernel inoculated almonds be used in plant validation studies for other 

almond types? 



Thermal Resistance of 
Surrogate on Almonds 
-Recent Studies at The NFL 
 



Study Design Overview 

S. Enteritidis PT30 
E. faecium NRRL B-2354 

Refrigeration 
Room temperature 

Up to 60 days Forced Air Oven 

280°F for 15 minutes 

Calculate  the log reduction to evaluate the 
thermal resistance of organisms on almonds 

Presenter
Presentation Notes
To develop a study protocol to evaluate the following:Stability over the extended shelf life of inoculated almonds (60 days)Storage temperatures: 4°C and 25°CComparative heat resistance of E. faecium and SEPT30Forced Air Oven vs. Gravity Oven



Extended Storage of Surrogate-Inoculated Almonds 

The current shelf life of almonds inoculated with E. faecium NRRL B-2354 can be 
extended from 14 to 60 days when stored at 4°C. 



Extended Storage of Surrogate-Inoculated Almonds 

E. faecium NRRL B-2354 is an appropriate surrogate for S. Enteritidis PT30 when the 
inoculated almonds are stored at 4°C. 

Presenter
Presentation Notes
The heat resistance of E. faecium NRRL B-2354 on inoculated almonds is similar to heat resistance of S. Enteritidis PT30 when the inoculated almonds are stored at 4°C, but not at 25°C.



Extended Storage of Surrogate-Inoculated Almonds 

The almonds inoculated with the surrogate should be used within two weeks 
of preparation and stored at 38-40°F (refrigeration temperatures). 
 Can inoculated almonds be stored beyond 14 days without sacrificing heat 

resistance?  
 Do inoculated almonds need to be stored at refrigeration temperatures?



Thermal Resistance of Surrogate on Different Almond Types 

Natural Dice 12-8 Natural Split 

NonPl 27/30 
(Nonpareil Whole 
Kernels without 
chip of scratch 

27/30) 

Monterey 
Whole/Broken 

(Monterey natural 
whole and broken, 

36aos) 



Thermal Resistance of Surrogate on Different Almond Types 

Almond type has an impact on the heat resistance of E. faecium NRRL B-2354 

Presenter
Presentation Notes
Heat resistance of E. faecium NRRL B-2354 or S. Enteritidis PT30 at each sampling time was significantly different (p<0.05) based upon almond type; however, the average log reduction for all cases was less than 2.5 log.



Thermal Resistance of Surrogate on Different Almond Types 

Heat resistance of S. Enteritidis PT30 is comparable to E. faecium NRRL B-2354 
on all four almond types. 

Presenter
Presentation Notes
Heat resistance of E. faecium NRRL B-2354 or S. Enteritidis PT30 at each sampling time was significantly different (p<0.05) based upon almond type; however, the average log reduction for all cases was less than 2.5 log.
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								91		98										94.5		94500000		7.98		7.58		0.55																				41		42		41.5		415000000		8.62		8.60		0.07

								52		81										66.5		66500000		7.82																								46		45		45.5		455000000		8.66

				90		90														90		9000000		6.95																								32		34		33		330000000		8.52

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												110		80						95		9500000		6.98		7.10		0.14		0.61		0.48												148		128						138		13800000		7.14		7.48		0.30		1.46		1.12

												180		180						180		18000000		7.26						0.33		0.14																33		54		43.5		43500000		7.64						0.96		0.30

												130		108						119		11900000		7.08						0.51																		46		46		46		46000000		7.66						0.94

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																68		51		59.5		59500000		7.77		7.80																						48		51		49.5		495000000		8.69		8.64

																72		60		66		66000000		7.82																								42		36		39		390000000		8.59

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																26		51		38.5		38500000		7.59		7.56		0.03																				73		51		62		620000000		8.79		8.62		0.17

																40		34		37		37000000		7.57																								35		45		40		400000000		8.60

																37		30		33.5		33500000		7.53																								29		29		29		290000000		8.46

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																40		30		35		35000000		7.54		7.50		0.11		0.02		0.06												35		45						40		4000000		6.60		6.78		0.17		2.02		1.84

												247		234						240.5		24050000		7.38						0.18		0.11												112		66						89		8900000		6.95						1.67		0.17

																44		32		38		38000000		7.58						-0.02														69		55						62		6200000		6.79						1.83

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																39		55		47		47000000		7.67		7.77		0.08																				58		59		58.5		585000000		8.77		8.78		0.07

																50		86		68		68000000		7.83																								70		72		71		710000000		8.85

																68		57		62.5		62500000		7.80																								43		60		51.5		515000000		8.71

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																30		27		28.5		28500000		7.45		7.37		0.08		0.31		0.40																101		107		104		104000000		8.02		7.87		0.23		0.76		0.91

												241		203						222		22200000		7.35						0.42		0.08																45		34		39.5		39500000		7.60						1.18		0.23

												200		195						197.5		19750000		7.30						0.47																		115		78		96.5		96500000		7.98						0.79

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																25		25		25		25000000		7.40		7.43		0.04																144		157						150.5		150500000		8.18		8.14		0.06

																18		35		26.5		26500000		7.42																				148		148						148		148000000		8.17

																35		25		30		30000000		7.48																				127		112						119.5		119500000		8.08

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																35		44		39.5		39500000		7.60		7.42		0.24		-0.16		0.01												133		165						149		14900000		7.17		7.43		0.39		0.97		0.71

												133		145						139		13900000		7.14						0.29		0.24																84		68		76		76000000		7.88						0.26		0.39

																25		41		33		33000000		7.52						-0.09														165		182						173.5		17350000		7.24						0.90

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																93		106		99.5		995000000		9.00		9.03																						1664		2184		1924		19240000000		10.28		10.15

																132		104		118		1180000000		9.07																								1056		1056		1056		10560000000		10.02

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																58		54		56		56000000		7.75		7.72		0.04																				27		37		32		320000000		8.51		8.36		0.20

																55		54		54.5		54500000		7.74																				135		137						136		136000000		8.13

																61		33		47		47000000		7.67																								28		26		27		270000000		8.43

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												189		172						180.5		18050000		7.26		7.37		0.11		0.46		0.35																47		54		50.5		50500000		7.70		7.64		0.09		0.65		0.72

												259		218						238.5		23850000		7.38						0.34		0.11																44		50		47		47000000		7.67						0.68		0.09

																35		24		29.5		29500000		7.47						0.25																		37		31		34		34000000		7.53						0.83

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																61		92		76.5		76500000		7.88		7.88		0.00																				52		33		42.5		425000000		8.63		8.63		0.01

																				0		0		0.00																								46		37		41.5		415000000		8.62

																				0		0		0.00																								41		45		43		430000000		8.63

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												78		144						111		11100000		7.05		7.25		0.26		0.84		0.64																69		44		56.5		56500000		7.75		7.68		0.10		0.87		0.95

												151		133						142		14200000		7.15						0.73		0.26																56		48		52		52000000		7.72						0.91		0.10

																43		26		34.5		34500000		7.54						0.35																		35		39		37		37000000		7.57						1.06

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																70		80		75		75000000		7.88		7.77		0.09																				31		58		44.5		445000000		8.65		8.73		0.08

																30		72		51		51000000		7.71																								53		75		64		640000000		8.81

																47		60		53.5		53500000		7.73																								55		54		54.5		545000000		8.74

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												175		122						148.5		14850000		7.17		7.08		0.08		0.60		0.69																120		99		109.5		109500000		8.04		7.82		0.27		0.69		0.91

												96		111						103.5		10350000		7.01						0.76		0.08																27		39		33		33000000		7.52						1.21		0.27

												120		103						111.5		11150000		7.05						0.72																		80		82		81		81000000		7.91						0.82





Natural Splits

		Natural Splits

		Trial 1																												Trial 2																								Trial 3

		Day 0												Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.6066				0.5763				0.5715				0.5957				0.5836				0.5879				0.5827

						0.5709				0.5751

						0.5736				0.5733

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

																73		76		74.5		74500000		7.87		7.96																						386		490		438		438000000		8.64		8.67

																116		103		109.5		109500000		8.04																								614		401		507.5		507500000		8.71

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																79		69		74		74000000		7.87		7.63		0.21																110		109						109.5		109500000		8.04		8.38		0.30

																35		27		31		31000000		7.49																								44		26		35		350000000		8.54

																39		28		33.5		33500000		7.53																								43		31		37		370000000		8.57

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												34		33						33.5		3350000		6.53		6.55		0.03		1.10		1.07																28		27		27.5		27500000		7.44		7.42		0.23		0.94		0.97

												43		33						38		3800000		6.58						1.05		0.03												149		152						150.5		15050000		7.18						1.21		0.23

												44		28						36		3600000		6.56						1.07																		48		38		43		43000000		7.63						0.75

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																113		70		91.5		91500000		7.96		7.90		0.08																				42		41		41.5		415000000		8.62		8.47		0.13

																100		75		87.5		87500000		7.94																								31		19		25		250000000		8.40

																70		59		64.5		64500000		7.81																								24		25		24.5		245000000		8.39

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												86		75						80.5		8050000		6.91		7.08		0.39		1.00		0.82																40		40		40		40000000		7.60		7.24		1.00		0.87		1.23

																42		25		33.5		33500000		7.53						0.38		0.39																120		84		102		102000000		8.01						0.46		1.00

												86		44						65		6500000		6.81						1.09										120		140										130		1300000		6.11						2.35

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																70		36		53		53000000		7.72		7.80		0.14																				20		29		24.5		245000000		8.39		8.42		0.05

																96		90		93		93000000		7.97																								25		25		25		250000000		8.40

																66		37		51.5		51500000		7.71																								25		36		30.5		305000000		8.48

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								190		200										195		1950000		6.29		6.61		0.39		1.51		1.19																30		37		33.5		33500000		7.53		7.36		0.24		0.90		1.07

												114		109						111.5		11150000		7.05						0.75		0.39																12				12		12000000		7.08						1.34		0.24

												34		27						30.5		3050000		6.48						1.32																		29		30		29.5		29500000		7.47						0.95

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																67		46		56.5		56500000		7.75		7.78																						42		44		43		430000000		8.63		8.66

																70		60		65		65000000		7.81																								50		49		49.5		495000000		8.69

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																41		37		39		39000000		7.59		7.65		0.09																				55		45		50		500000000		8.70		8.70		0.02

																47		36		41.5		41500000		7.62																								53		52		52.5		525000000		8.72

																67		47		57		57000000		7.76																								48		50		49		490000000		8.69

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												57		59						58		5800000		6.76		6.66		0.14		0.89		0.99																30		31		30.5		30500000		7.48		7.63		0.18		1.22		1.07

												28		35						31.5		3150000		6.50						1.16		0.14																60		75		67.5		67500000		7.83						0.87		0.18

												52		55						53.5		5350000		6.73						0.93																		48		30		39		39000000		7.59						1.11

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																33		37		35		35000000		7.54		7.60		0.09																180		199						189.5		189500000		8.28		8.15		0.14

																41		61		51		51000000		7.71																				160		134						147		147000000		8.17

																43		29		36		36000000		7.56																				104		99						101.5		101500000		8.01

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												112		65						88.5		8850000		6.95		6.98		0.16		0.66		0.62																57		48		52.5		52500000		7.72		7.81		0.11		0.43		0.34

												128		158						143		14300000		7.16						0.45		0.16																74		44		59		59000000		7.77						0.38		0.11

												71		68						69.5		6950000		6.84						0.76																		94		80		87		87000000		7.94						0.21

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												145		159						152		15200000		7.18		7.33		0.14																113		134						123.5		123500000		8.09		8.16		0.07

												212		250						231		23100000		7.36																				133		203						168		168000000		8.23

																29		27		28		28000000		7.45																				153		138						145.5		145500000		8.16

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								180		198										189		1890000		6.28		6.58		0.27		1.05		0.75												92		115						103.5		10350000		7.01		7.11		0.09		1.15		1.05

												46		44						45		4500000		6.65						0.68		0.27												190		130						160		16000000		7.20						0.96		0.09

												52		76						64		6400000		6.81						0.52														130		121						125.5		12550000		7.10						1.06

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																106		66		86		860000000		8.93		8.96																						960		2064		1512		15120000000		10.18		10.21

																97		93		95		950000000		8.98																								1888		1632		1760		17600000000		10.25

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																53		77		65		65000000		7.81		7.80		0.11																135		131						133		133000000		8.12		8.08		0.07

																79		80		79.5		79500000		7.90																				119		134						126.5		126500000		8.10

																43		53		48		48000000		7.68																				97		103						100		100000000		8.00

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												73		83						78		7800000		6.89		6.77		0.16		0.91		1.03												178		170						174		17400000		7.24		7.16		0.11		0.83		0.91

												56		80						68		6800000		6.83						0.97		0.16												126		94						110		11000000		7.04						1.03		0.11

												37		40						38.5		3850000		6.59						1.21														175		144						159.5		15950000		7.20						0.87

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																70		65		67.5		67500000		7.83		7.63		0.20																				36		37		36.5		365000000		8.56		8.60		0.04

																29		26		27.5		27500000		7.44																								43		37		40		400000000		8.60

																59		25		42		42000000		7.62																								47		40		43.5		435000000		8.64

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												30		39						34.5		3450000		6.54		6.42		0.18		1.09		1.21												97		89						93		9300000		6.97		7.13		0.29		1.63		1.48

								173		154										163.5		1635000		6.21						1.42		0.18												68		108						88		8800000		6.94						1.66		0.29

												38		26						32		3200000		6.51						1.13																		32		26		29		29000000		7.46						1.14

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																78		140		109		109000000		8.04		8.00		0.04																				30		35		32.5		325000000		8.51		8.60		0.08

																57		125		91		91000000		7.96																								32		60		46		460000000		8.66

																93		106		99.5		99500000		8.00																								42		42		42		420000000		8.62

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								168		186										177		1770000		6.25		6.12		0.14		1.75		1.88																42		45		43.5		43500000		7.64		7.63		0.08		0.96		0.97

								75		110										92.5		925000		5.97						2.03		0.14																42		58		50		50000000		7.70						0.90		0.08

								120		158										139		1390000		6.14						1.86																		34		36		35		35000000		7.54						1.06





NonP XI 2730 FPO

		NonP XI 27/30 FPO

		Trial 1																												Trial 2																								Trial 3

		Day 0												Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.5369				0.5543				0.5393				0.5427				0.5437				0.5304				0.5468

						0.5582				0.5534

						0.55625				0.5464

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

																31		44		37.5		37500000		7.57		7.65																						219		231		225		225000000		8.35		8.40

																46		60		53		53000000		7.72																								253		301		277		277000000		8.44

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												73		63						68		6800000		6.83		6.86		0.02																44		41						42.5		42500000		7.63		7.73		0.11

												88		62						75		7500000		6.88																				76		65						70.5		70500000		7.85

												76		74						75		7500000		6.88																				67		40						53.5		53500000		7.73

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				72		120														96		96000		4.98		4.91		0.36		1.88		1.95								59		69										64		640000		5.81		5.92		0.27		1.93		1.82

				180		155														167.5		167500		5.22						1.64		0.36								174		159										166.5		1665000		6.22						1.51		0.27

				37		28														32.5		32500		4.51						2.35										62		45										53.5		535000		5.73						2.01

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												93		75						84		8400000		6.92		7.05		0.13																61		76						68.5		68500000		7.84		7.74		0.09

												101		130						115.5		11550000		7.06																				45		47						46		46000000		7.66

												160		140						150		15000000		7.18																				40		69						54.5		54500000		7.74

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				160		181														170.5		170500		5.23		5.06		0.28		1.82		1.99								52		42										47		470000		5.67		5.78		0.32		2.07		1.96

				210		124														167		167000		5.22						1.83		0.28								106		170										138		1380000		6.14						1.61		0.32

				49		60														54.5		54500		4.74						2.32										44		24										34		340000		5.53						2.21

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												104		95						99.5		9950000		7.00		6.97		0.12																84		76						80		80000000		7.90		7.74		0.25

												90		46						68		6800000		6.83																				26		31						28.5		28500000		7.45

												130		108						119		11900000		7.08																				86		56						71		71000000		7.85

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								94		112										103		1030000		6.01		5.88		0.18		0.96		1.09								184		58										121		1210000		6.08		5.81		0.24		1.65		1.92

								42		54										48		480000		5.68						1.29		0.18								50		53										51.5		515000		5.71						2.02		0.24

								80		99										89.5		895000		5.95						1.02										48		40										44		440000		5.64						2.09

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev

																43		28		35.5		35500000		7.55		7.64																						236		95		165.5		165500000		8.22		8.11

																50		59		54.5		54500000		7.74																								90		110		100		100000000		8.00

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												64		68						66		6600000		6.82		6.72		0.15																29		20						24.5		24500000		7.39		7.45		0.09

												30		40						35		3500000		6.54																				17		34						25.5		25500000		7.41

												84		42						63		6300000		6.80																				33		38						35.5		35500000		7.55

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				183		210														196.5		196500		5.29		5.27		0.35		1.43		1.45								37		44										40.5		405000		5.61		5.41		0.37		1.84		2.04

				526		276														401		401000		5.60						1.12		0.35								47		39										43		430000		5.63						1.82		0.37

				71		91														81		81000		4.91						1.81						89		105														97		97000		4.99						2.46

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												141		97						119		11900000		7.08		7.03		0.04																53		49						51		51000000		7.71		7.72		0.05

												81		134						107.5		10750000		7.03																				56		38						47		47000000		7.67

												109		90						99.5		9950000		7.00																				67		50						58.5		58500000		7.77

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				222		178														200		200000		5.30		5.03		0.24		1.73		2.01								85		61										73		730000		5.86		5.92		0.18		1.85		1.79

				117		53														85		85000		4.93						2.11		0.24								57		65										61		610000		5.79						1.93		0.18

				86		58														72		72000		4.86						2.18										148		116										132		1320000		6.12						1.60

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																2		5		3.5		3500000		6.54		6.69		0.21												112		93										102.5		10250000		7.01		7.08		0.08

																7		1		4		4000000		6.60																138		155										146.5		14650000		7.17

																9		8		8.5		8500000		6.93																97		128										112.5		11250000		7.05

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				79		90														84.5		84500		4.93		4.64		0.26		1.76		2.05				43		37														40		40000		4.60		4.69		0.09		3.11		3.03

				14		37														25.5		25500		4.41						2.29		0.26				45		51														48		48000		4.68						3.03		0.09

				54		25														39.5		39500		4.60						2.10						56		65														60.5		60500		4.78						2.93

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																64		75		69.5		695000000		8.84		8.99																						380		423		401.5		4015000000		9.60		9.51

																80		194		137		1370000000		9.14																								241		276		258.5		2585000000		9.41

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												35		36						35.5		3550000		6.55		6.65		0.19																58		30						44		44000000		7.64		7.71		0.06

												25		42						33.5		3350000		6.53																				57		51						54		54000000		7.73

												27		119						73		7300000		6.86																				53		64						58.5		58500000		7.77

		Treated 280F/15min		-2		-2		-3		-3		-4		-4		-5		-5																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				193		276														234.5		23450		4.37		4.02		0.38		2.28		2.63								163		141										152		1520000		6.18		6.05		0.12		1.53		1.66

				38		46														42		4200		3.62						3.02		0.38								88		112										100		1000000		6.00						1.71		0.12

				114		116														115		11500		4.06						2.59										116		70										93		930000		5.97						1.75

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												258		89						173.5		17350000		7.24		7.01		0.21																39		28						33.5		33500000		7.53		7.52		0.01

												65		65						65		6500000		6.81																				29		36						32.5		32500000		7.51

												118		74						96		9600000		6.98																				39		27						33		33000000		7.52

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				28		39														33.5		33500		4.53		4.56		0.09		2.49		2.45								60		94										77		770000		5.89		6.12		0.27		1.63		1.39

				51		41														46		46000		4.66						2.35		0.09								100		132										116		1160000		6.06						1.45		0.27

				25		38														31.5		31500		4.50						2.51														28		25						26.5		2650000		6.42						1.10

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												126		148						137		13700000		7.14		7.16		0.07																72		100						86		86000000		7.93		7.94		0.02

												175		166						170.5		17050000		7.23																				69		95						82		82000000		7.91

												107		148						127.5		12750000		7.11																				83		99						91		91000000		7.96

		Treated 280F/15min		-2		-2		-3		-3		-4		-4		-5		-5																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				20		28														24		2400		3.38		3.31		0.08		3.63		3.70								110		96										103		1030000		6.01		6.10		0.09		1.92		1.83

				10		32														21		2100		3.32						3.69		0.08								144		171										157.5		1575000		6.20						1.74		0.09

				15		19														17		1700		3.23						3.78										125		129										127		1270000		6.10						1.83





Monterey whole broken

		Monterey natural whole and broken, 36aos

		Trial 1																												Trial 2																								Trial 3

		Day 1												Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.5383				0.5718				0.5660				0.5429				0.5671				0.5436				0.5605

						0.5669				0.5571

						0.56935				0.56155

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

												206		205						205.5		20550000		7.31		7.52																						248		278		263		263000000		8.42		8.50

																57		48		52.5		52500000		7.72																								372		383		377.5		377500000		8.58

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												233		179						206		20600000		7.31		7.06		0.28																63		57						60		60000000		7.78		7.89		0.09

												58		56						57		5700000		6.76																				87		92						89.5		89500000		7.95

												144		120						132		13200000		7.12																				92		78						85		85000000		7.93

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								113		96										104.5		1045000		6.02		6.01		0.18		1.04		1.05								82		50										66		660000		5.82		5.88		0.30		2.07		2.01

								150		161										155.5		1555000		6.19						0.87		0.18								170		152										161		1610000		6.21						1.68		0.30

								71		65										68		680000		5.83						1.23										40		42										41		410000		5.61						2.27

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												52		33						42.5		4250000		6.63		6.62		0.01																99		99						99		99000000		8.00		7.97		0.02

												57		25						41		4100000		6.61																				101		88						94.5		94500000		7.98

												56		25						40.5		4050000		6.61																				100		79						89.5		89500000		7.95

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								160		76										118		1180000		6.07		6.05		0.43		0.54		0.57								109		89										99		990000		6.00		6.52		0.83		1.98		1.46

								43		38										40.5		405000		5.61						1.01		0.43								121		120										120.5		1205000		6.08						1.89		0.83

												36		23						29.5		2950000		6.47						0.15																		27		33		30		30000000		7.48						0.50

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																45		28		36.5		36500000		7.56		7.60		0.07																96		64						80		80000000		7.90		8.00		0.08

																57		41		49		49000000		7.69																				110		115						112.5		112500000		8.05

																32		41		36.5		36500000		7.56																				110		110						110		110000000		8.04

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												43		29						36		3600000		6.56		6.48		0.07		1.05		1.13								121		101										111		1110000		6.05		6.16		0.21		1.95		1.83

												25		31						28		2800000		6.45						1.16		0.07								130		90										110		1100000		6.04						1.96		0.21

												24		29						26.5		2650000		6.42						1.18														26		25						25.5		2550000		6.41						1.59

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev

																55		58		56.5		56500000		7.75		7.81																						118		99		108.5		108500000		8.04		8.04

																85		61		73		73000000		7.86																								111		115		113		113000000		8.05

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												74		204						139		13900000		7.14		7.17		0.03																46		93						69.5		69500000		7.84		7.78		0.05

												134		169						151.5		15150000		7.18																				50		64						57		57000000		7.76

												137		175						156		15600000		7.19																				43		68						55.5		55500000		7.74

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								99		132										115.5		1155000		6.06		6.08		0.31		1.11		1.09								97		100										98.5		985000		5.99		5.92		0.13		1.79		1.86

								49		70										59.5		595000		5.77						1.40		0.31								55		65										60		600000		5.78						2.00		0.13

								162		341										251.5		2515000		6.40						0.77										107		92										99.5		995000		6.00						1.78

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												190		263						226.5		22650000		7.36		7.37		0.06																144		200						172		172000000		8.24		8.03		0.19

												169		245						207		20700000		7.32																				130		72						101		101000000		8.00

																25		30		27.5		27500000		7.44																				79		63						71		71000000		7.85

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								138		124										131		1310000		6.12		6.37		0.23		1.25		1.00												81		76						78.5		7850000		6.89		6.62		0.24		1.14		1.41

												32		25						28.5		2850000		6.45						0.92		0.23												36		26						31		3100000		6.49						1.54		0.24

												25		46						35.5		3550000		6.55						0.82														25		35						30		3000000		6.48						1.55

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												124		127						125.5		12550000		7.10		7.20		0.10																29		21						25		25000000		7.40		7.46		0.05

												91		300						195.5		19550000		7.29																				27		34						30.5		30500000		7.48

												170		150						160		16000000		7.20																				29		33						31		31000000		7.49

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				8		9														8.5		8500		3.93		4.56		0.57		3.27		2.63								146		86										116		1160000		6.06		6.32		0.27		1.39		1.14

				123		100														111.5		111500		5.05						2.15		0.57												43		37						40		4000000		6.60						0.86		0.27

				35		69														52		52000		4.72						2.48										117		600		20		20						20		2000000		6.30						1.16

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																56		116		86		860000000		8.93		8.80																						273		257		265		2650000000		9.42		9.47

																47		44		45.5		455000000		8.66																								317		334		325.5		3255000000		9.51

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												121		143						132		13200000		7.12		7.16		0.04																84		59						71.5		71500000		7.85		7.92		0.09

												160		136						148		14800000		7.17																				100		109						104.5		104500000		8.02

												159		159						159		15900000		7.20																				79		78						78.5		78500000		7.89

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				107		132														119.5		119500		5.08		4.96		0.31		2.09		2.21								220		210										215		2150000		6.33		6.39		0.42		1.59		1.53

				35		45														40		40000		4.60						2.56		0.31												66		70						68		6800000		6.83						1.09		0.42

				189		120														154.5		154500		5.19						1.98										113		91										102		1020000		6.01						1.91

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												163		162						162.5		16250000		7.21		7.42		0.21																				32		41		36.5		365000000		8.56		8.59		0.04

																25		27		26		26000000		7.41																								48		38		43		430000000		8.63

																51		33		42		42000000		7.62																								33		40		36.5		365000000		8.56

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								37		89										63		630000		5.80		5.73		0.20		1.62		1.68												28		29						28.5		2850000		6.45		6.62		0.27		2.13		1.96

								78		77										77.5		775000		5.89						1.53		0.20												36		25						30.5		3050000		6.48						2.10		0.27

								35		30										32.5		325000		5.51						1.90														96		74						85		8500000		6.93						1.66

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																180		83		131.5		131500000		8.12		7.92		0.18																167		166						166.5		166500000		8.22		8.22		0.08

																55		61		58		58000000		7.76																				198		190						194		194000000		8.29

																80		75		77.5		77500000		7.89																				138		136						137		137000000		8.14

		Treated 280F/15min		-2		-2		-3		-3		-4		-4		-5		-5																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				40		62														51		5100		3.71		4.59		0.77		4.22		3.33												55		81						68		6800000		6.83		6.59		0.39		1.38		1.63

								82		86										84		84000		4.92						3.00		0.77												55		69						62		6200000		6.79						1.42		0.39

								118		160										139		139000		5.14						2.78										165		110										137.5		1375000		6.14						2.08





Summary

		

								Enterococcus faecium NRRL B-2354																		Salmonella Enteritidis PT30

								Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Whole Broken												Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Whole Broken								Entrococcus						Salmonella PT30

		Day 0		Trial 1		Rep 1		0.42		1.10		1.88		1.04						Day 0		Trial 1		Rep 1		1.87		0.94		1.93		2.07								Day 0		Day 14		Day 28		Day 0		Day 14		Day 28																				Entrococcus				Salmonella PT30

						Rep 2		0.55		1.05		1.64		0.87										Rep 2		1.68		1.21		1.51		1.68						Natural Dice 12-8		0.29		0.45		0.40		1.47		1.02		0.91																				Day 0		Day 14		Day 0		Day 14

						Rep 3		0.44		1.07		2.35		1.23										Rep 3		2.03		0.75		2.01		2.27						Natural Split		1.03		0.89		1.28		0.98		1.01		1.03																		Natural Dice 12-8		0.47		0.32		1.86		1.21

						Avg		0.47		1.07		1.95		1.05										Avg		1.86		0.97		1.82		2.01						NonPl 27/30		2.01		2.15		2.28		1.84		1.72		2.26																		Natural Split		1.07		0.82		0.97		1.23

						Stdev		0.07		0.03		0.36		0.18										stdev		0.17		0.23		0.27		0.30						Monterey Broken		1.45		1.08		2.37		1.80		1.61		1.53																		NonPl 27/30		1.95		1.99		1.82		1.96

				Trial 2		Rep 1		0.02		0.89		1.43		1.11								Trial 2		Rep 1		2.02		1.22		1.84		1.79																																				Monterey		1.05		0.57		2.01		1.46

						Rep 2		0.18		1.16		1.12		1.40										Rep 2		1.67		0.87		1.82		2.00						Stdev		0.20		0.23		0.33		0.58		0.19		0.33

						Rep 3		-0.02		0.93		1.81		0.77										Rep 3		1.83		1.11		2.46		1.78								0.12		0.35		0.55		0.17		0.74		0.14																				0.07		0.23		0.17		0.02

						Avg		0.06		0.99		1.45		1.09										Avg		1.84		1.07		2.04		1.86								0.60		0.30		1.16		0.28		0.34		0.59																				0.03		0.39		0.23		1

						Stdev		0.11		0.14		0.35		0.31										Stdev		0.17		0.18		0.37		0.13								0.62		0.55		1.09		0.34		0.52		0.40																				0.36		0.28		0.27		0.32

				Trial 3		Rep 1		0.46		0.91		2.28		2.09								Trial 3		Rep 1		0.65		0.83		1.53		1.59																																						0.18		0.43		0.3		0.83

						Rep 2		0.34		0.97		3.02		2.56										Rep 2		0.68		1.03		1.71		1.09

						Rep 3		0.25		1.21		2.59		1.98										Rep 3		0.83		0.87		1.75		1.91

						Avg		0.35		1.03		2.63		2.21										Avg		0.72		0.91		1.66		1.53																																						E. faecium NRRL B-2354		S. Enteritidis PT30		Entrococcus		Salmonella PT30

								0.11		0.16		0.38		0.31										stdev		0.09		0.11		0.12		0.42																																						Day 0		Day 0		Day 14		Day 14

						Avg of 9 samples		0.29		1.03		2.01		1.45										Avg of 9 samples		1.47		0.98		1.84		1.80

						Stdev of 9 samples		0.20		0.12		0.60		0.62										Stdev of 9 samples		0.58		0.17		0.28		0.34

		Day 14		Trial 1		Rep 1		0.48		1.00		1.82		0.54						Day 14		Trial 1		Rep 1		1.19		0.87		2.07		1.98																																				Natural Dice 12-8		0.47		1.86		0.32		1.21

						Rep 2		0.05		0.38		1.83		1.01										Rep 2		1.24		0.46		1.61		1.89																																				Natural Split		1.07		0.97		0.82		1.23

						Rep 3		0.43		1.09		2.32		0.15										Rep 3		1.21		2.35		2.21		0.50																																				NonPl 27/30		1.95		1.82		1.99		1.96

						Avg		0.32		0.82		1.99		0.57										Avg		1.21		1.23		1.96		1.46																																				Monterey		1.05		2.01		0.57		1.46

						Stdev		0.23		0.39		0.28		0.43										stdev		0.02		1.00		0.32		0.83

				Trial 2		Rep 1		0.31		0.66		1.73		1.25								Trial 2		Rep 1		0.76		0.43		1.85		1.14																																						0.07		0.17		0.23		0.02

						Rep 2		0.42		0.45		2.11		0.92										Rep 2		1.18		0.38		1.93		1.54																																						0.03		0.23		0.39		1

						Rep 3		0.47		0.76		2.18		0.82										Rep 3		0.79		0.21		1.60		1.55																																						0.36		0.27		0.28		0.32

						Avg		0.40		0.62		2.01		1.00										Avg		0.91		0.34		1.79		1.41																																						0.18		0.3		0.43		0.83

								0.08		0.16		0.24		0.23												0.23		0.11		0.18		0.24

				Trial 3		Rep 1		0.84		1.09		2.49		1.62								Trial 3		Rep 1		0.87		1.63		1.63		2.13

						Rep 2		0.73		1.42		2.35		1.53										Rep 2		0.91		1.66		1.45		2.10

						Rep 3		0.35		1.13		2.51		1.90										Rep 3		1.06		1.14		1.10		1.66

						Avg		0.64		1.21		2.45		1.68										Avg		0.95		1.48		1.39		1.96

								0.26		0.18		0.09		0.20												0.10		0.29		0.27		0.27

						Avg of 9 samples		0.45		0.89		2.15		1.08										Avg of 9 samples		1.02		1.01		1.72		1.61

						Stdev of 9 samples		0.23		0.35		0.30		0.55										Stdev of 9 samples		0.19		0.74		0.34		0.52

		Day 28		Trial 1		Rep 1		0.606		1.51		0.96		1.05						Day 28		Trial 1		Rep 1		1.46		0.90		1.65		1.95

						Rep 2		0.329		0.75		1.29		1.16										Rep 2		0.96		1.34		2.02		1.96

						Rep 3		0.509		1.32		1.02		1.18										Rep 3		0.94		0.95		2.09		1.59								E. faecium NRRL B-2354		S. Enteritidis PT30		Entrococcus		Salmonella PT30		Entrococcus		Salmonella PT30

						Avg		0.48		1.19		1.09		1.13										Avg		1.12		1.07		1.92		1.83								Day 0		Day 0		Day 14		Day 14		Day 28		Day 28								0		0.29		1.03		2.01		1.45

								0.14		0.39		0.18		0.07												0.30		0.24		0.24		0.21																										14		0.45		0.89		2.15		1.08

				Trial 2		Rep 1		-0.16		1.05		1.76		3.27								Trial 2		Rep 1		0.97		1.15		3.11		1.39																										28		0.40		1.28		2.28		2.37

						Rep 2		0.29		0.68		2.29		2.15										Rep 2		0.26		0.96		3.03		0.86						Natural Dice 12-8		0.29		1.47		0.45		1.02		0.40		0.91

						Rep 3		-0.09		0.52		2.10		2.48										Rep 3		0.90		1.06		2.93		1.16						Natural Split		1.03		0.98		0.89		1.01		1.28		1.03

						Avg		0.01		0.75		2.05		2.63										Avg		0.71		1.05		3.03		1.14						NonPl 27/30		2.01		1.84		2.15		1.72		2.28		2.26

								0.24		0.27		0.26		0.57												0.39		0.09		0.09		0.27						Monterey Broken		1.45		1.80		1.08		1.61		2.37		1.53

				Trial 3		Rep 1		0.60		1.75		3.63		4.22								Trial 3		Rep 1		0.69		0.96		1.92		1.38

						Rep 2		0.76		2.03		3.69		3.00										Rep 2		1.21		0.90		1.74		1.42						Stdev		0.20		0.58		0.23		0.19		0.33		0.33

						Rep 3		0.72		1.86		3.78		2.78										Rep 3		0.82		1.06		1.83		2.08								0.12		0.17		0.35		0.74		0.55		0.14

						Avg		0.69		1.88		3.70		3.33										Avg		0.91		0.97		1.83		1.63								0.60		0.28		0.30		0.34		1.16		0.59

								0.08		0.14		0.08		0.77												0.27		0.08		0.09		0.39								0.62		0.34		0.55		0.52		1.09		0.40

						Avg of 9 samples		0.40		1.28		2.28		2.37										Avg of 9 samples		0.91		1.03		2.26		1.53

						Stdev of 9 samples		0.33		0.55		1.16		1.09										Stdev of 9 samples		0.33		0.14		0.59		0.40

																																								E. faecium NRRL B-2354

																																										Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Broken

																																								Day 0		0.29		1.03		2.01		1.45

																																								Day 14		0.45		0.89		2.15		1.08

																																								Day 28		0.40		1.28		2.28		2.37

																																								Stdev		0.20		0.12		0.60		0.62

																																										0.23		0.35		0.30		0.55																								E. faecium NRRL B-2354

																																																																										Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Broken

																																										0.33		0.55		1.16		1.09																								Day 0		0.47		1.07		1.95		1.05

																																																																								Day 14		0.32		0.82		1.99		0.57

																																										S. Enteritidis PT30

																																										Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey																										0.07		0.03		0.36		0.18

																																								Day 0		1.47		0.98		1.84		1.80

																																																																										0.23		0.39		0.28		0.43

																																								Day 14		1.02		1.01		1.72		1.61

																																																																								S. Enteritidis PT30

																																								Day 28		0.91		1.03		2.26		1.53																								Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey

																																																																						Day 0		1.86		0.97		1.82		2.01

																																								Stdev		0.58		0.17		0.28		0.34																						Day 14		1.21		1.23		1.96		1.46

																																										0.19		0.74		0.34		0.52																								0.17		0.23		0.27		0.3

																																										0.33		0.14		0.59		0.40																								0.02		1.0		0.32		0.83





Summary

						0.0730466904		0.0730466904		0.2334865822		0.2334865822

						0.0274613072		0.0274613072		0.3871321047		0.3871321047

						0.3621316313		0.3621316313		0.2834131155		0.2834131155

						0.1796561596		0.1796561596		0.431610454		0.431610454



Day 0

Day 14

Log Reduction

E. faecium NRRL B-2354



Summay-Analysis Results

						0.17		0.17		0.02		0.02

						0.23		0.23		1		1

						0.27		0.27		0.32		0.32

						0.3		0.3		0.83		0.83



Day 0

Day 14

Log Reduction

S. Enteritidis PT30



						0.0730466904		0.0730466904		0.17		0.17

						0.0274613072		0.0274613072		0.23		0.23

						0.3621316313		0.3621316313		0.27		0.27

						0.1796561596		0.1796561596		0.3		0.3



E. faecium NRRL B-2354

S. Enteritidis PT30

Log Reduction

Day 0



						0.2334865822		0.2334865822		0.02		0.02

						0.3871321047		0.3871321047		1		1

						0.2834131155		0.2834131155		0.32		0.32

						0.431610454		0.431610454		0.83		0.83



E. faecium NRRL B-2354

S. Enteritidis PT30

Log Reduction

Day 14



		0										0.0730466904		0.0730466904		0.0274613072		0.0274613072		0.3621316313		0.3621316313		0.1796561596		0.1796561596

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.2334865822		0.2334865822		0.3871321047		0.3871321047		0.2834131155		0.2834131155		0.431610454		0.431610454



Natural Dice 12-8

Natural Split

NonPl 27/30

Monterey Broken

Log Reduction

E. faecium NRRL B-2354



										0.17		0.17		0.23		0.23		0.27		0.27		0.3		0.3

										NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

										0.02		0.02		1		1		0.32		0.32		0.83		0.83



Natural Dice 12-8

Natural Split

NonPl 27/30

Monterey Broken

Log Reduction

S. Enteritidis PT30



								0.2016176508		0.2016176508		0.2290243434		0.2290243434		0.3345549644		0.3345549644

								0.1152673863		0.1152673863		0.3455085754		0.3455085754		0.5514244537		0.5514244537

								0.5993283121		0.5993283121		0.2952190301		0.2952190301		1.1564504936		1.1564504936

								0.6167986911		0.6167986911		0.5541095032		0.5541095032		1.0879766256		1.0879766256
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A

A

A

A

A

A

A
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Day 0

Day 14

Day 28

Log Reduction

E. faecium NRRL B-2354



								0.5796749325		0.5796749325		0.1916079359		0.1916079359		0.3307917592		0.3307917592

								0.168227403		0.168227403		0.7352348156		0.7352348156		0.1431490954		0.1431490954

								0.2847743126		0.2847743126		0.3404555849		0.3404555849		0.5918250094		0.5918250094

								0.3376966126		0.3376966126		0.5248266033		0.5248266033		0.4046860929		0.4046860929



A

A

A

A

A

A

A

A

A

A

A

A

Day 0

Day 14

Day 28

Log Reduction

S. Enteritidis PT30



						0.2016176508		0.2016176508		0.5796749325		0.5796749325

						0.1152673863		0.1152673863		0.168227403		0.168227403

						0.5993283121		0.5993283121		0.2847743126		0.2847743126

						0.6167986911		0.6167986911		0.3376966126		0.3376966126



A

A

A

A

A

A

A

A

E. faecium NRRL B-2354

S. Enteritidis PT30

Log Reduction

Day 0



						0.2290243434		0.2290243434		0.1916079359		0.1916079359

						0.3455085754		0.3455085754		0.7352348156		0.7352348156

						0.2952190301		0.2952190301		0.3404555849		0.3404555849

						0.5541095032		0.5541095032		0.5248266033		0.5248266033



A

A

A

A

A

A

A

A

E. faecium NRRL B-2354

S. Enteritidis PT30

Log Reduction

Day 14



						0.3345549644		0.3345549644		0.3307917592		0.3307917592

						0.5514244537		0.5514244537		0.1431490954		0.1431490954

						1.1564504936		1.1564504936		0.5918250094		0.5918250094

						1.0879766256		1.0879766256		0.4046860929		0.4046860929



A

A

A

A

A

A

A

A

E. faecium NRRL B-2354

S. Enteritidis PT30

Log Reduction

Day 28



		



Natural Dice 12-8

Natural Split

NonPl 27/30

Monterey Broken



		0										0.2016176508		0.2016176508		0.1152673863		0.1152673863		0.5993283121		0.5993283121		0.6167986911		0.6167986911

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.2290243434		0.2290243434		0.3455085754		0.3455085754		0.2952190301		0.2952190301		0.5541095032		0.5541095032

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.3345549644		0.3345549644		0.5514244537		0.5514244537		1.1564504936		1.1564504936		1.0879766256		1.0879766256



A

B

C

D

A

B

B

C

A

A

B

C

Natural Dice 12-8

Natural Split

NonPl 27/30

Monterey Broken

Log Reduction

E. faecium NRRL B-2354



		0										0.5796749325		0.5796749325		0.168227403		0.168227403		0.2847743126		0.2847743126		0.3376966126		0.3376966126

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.1916079359		0.1916079359		0.7352348156		0.7352348156		0.3404555849		0.3404555849		0.5248266033		0.5248266033

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.3307917592		0.3307917592		0.1431490954		0.1431490954		0.5918250094		0.5918250094		0.4046860929		0.4046860929



A

A

B

C

A

A

A

A

A

B

C

C

Natural Dice 12-8

Natural Split

NonPl 27/30

Monterey Broken

Log Reduction

S. Enteritidis PT30



		

		Entrococcus		Day 0		Day 14		Day 28		Conf. Level

		Natural Dice 12-8		0.29		0.45		0.40		NSD

		Natural Split		1.03		0.89		1.28		NSD

		NonPl 27/30		2.01		2.15		2.28		NSD

				b		b		a

		Monterey Broken		1.45		1.08		2.37		95%

		Salmonella PT30

		Natural Dice 12-8		1.47		1.02		0.91		NSD

		Natural Split		0.98		1.01		1.03		NSD

		NonPl 27/30		1.84		1.72		2.26		NSD

		Monterey Broken		1.80		1.61		1.53		NSD

				E. faecium NRRL B-2354		S. Enteritidis PT30

				Day 0		Day 0		Conf. Level

		Natural Dice 12-8		0.29		1.47		NSD

		Natural Split		1.03		0.98		NSD

		NonPl 27/30		2.01		1.84		NSD

		Monterey Broken		1.45		1.80		NSD

				E. faecium NRRL B-2354		S. Enteritidis PT30

				Day 14		Day 14		Conf. Level

		Natural Dice 12-8		0.45		1.02		NSD

		Natural Split		0.89		1.01		NSD

		NonPl 27/30		2.15		1.72		NSD

		Monterey Broken		1.08		1.61		NSD

				E. faecium NRRL B-2354		S. Enteritidis PT30

				Day 28		Day 28		Conf. Level

		Natural Dice 12-8		0.40		0.91		NSD

		Natural Split		1.28		1.03		NSD

		NonPl 27/30		2.28		2.26		NSD

		Monterey Broken		2.37		1.53		NSD

		E. faecium NRRL B-2354		Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Broken		Conf. Level

				d		c		a		b

		Day 0		0.29		1.03		2.01		1.45		95%

				c		b		a		b

		Day 14		0.45		0.89		2.15		1.08		95%

				c		b		a		a

		Day 28		0.40		1.28		2.28		2.37		95%

		S. Enteritidis PT30

				b		c		a		a

		Day 0		1.47		0.98		1.84		1.80		95%

		Day 14		1.02		1.01		1.72		1.61		NSD

				c		c		a		b

		Day 28		0.91		1.03		2.26		1.53		95%

		Analysis Method: Analysis of Variance

		Software used: SPSS

		NSD: Not significantly different at the confidence level of 95%.

		Mean ratings with different superscripts differ significantly at the 95% confidence level (Duncan's Multiple Comparison Test).















Thermal Resistance of Surrogate on Different Almond Types 

The current shelf life of almonds inoculated with the surrogate can be extended 
beyond 14 days at refrigeration temperature. 
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Presentation Notes
The heat resistance of E. faecium NRRL B-2354 and S. Enteritidis PT30 on Natural Dice 12-8, Natural Split, and NonPI 27/30 almonds did not change over 28 days of storage at 4°C.


Chart1

		Natural Dice 12-8		Natural Dice 12-8		0.395686416		0.2016176508		0.2016176508		0.2290243434		0.2290243434		0.3345549644		0.3345549644

		Natural Split		Natural Split		1.2752085787		0.1152673863		0.1152673863		0.3455085754		0.3455085754		0.5514244537		0.5514244537

		NonPl 27/30		NonPl 27/30		2.2785705605		0.5993283121		0.5993283121		0.2952190301		0.2952190301		1.1564504936		1.1564504936

		Monterey Broken		Monterey Broken		2.3651199914		0.6167986911		0.6167986911		0.5541095032		0.5541095032		1.0879766256		1.0879766256



A

A

A

A

A

A

A

A

B

B

A

A

Day 0

Day 14

Day 28

Log Reduction

E. faecium NRRL B-2354

0.2927502849

0.4537626428

1.0315400027

0.885367817

2.0118809622

2.1486092375

1.4499724326

1.0817828768



Natural Dice 12-8

		Natural Dice 12/8

		Trial 1																												Trial 2																								Trial 3

						Day 0								Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.4603				0.4446				0.4313				0.4568				0.4786				0.4765				0.4839

						0.4558				0.4241

						0.4502				0.4277

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

																92		117		104.5		104500000		8.02		7.89																						404		508		456		456000000		8.66		8.67

																51		62		56.5		56500000		7.75																								440		536		488		488000000		8.69

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																56		42		49		49000000		7.69		7.72		0.10																				50		55		52.5		525000000		8.72		8.72		0.01

																56		31		43.5		43500000		7.64																								56		45		50.5		505000000		8.70

																69		65		67		67000000		7.83																								62		45		53.5		535000000		8.73

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												212		190						201		20100000		7.30		7.25		0.07		0.42		0.47												75		65						70		7000000		6.85		6.85		0.17		1.87		1.86

												112		181						146.5		14650000		7.17						0.55		0.07												100		116						108		10800000		7.03						1.68		0.17

												195		184						189.5		18950000		7.28						0.44														52		45						48.5		4850000		6.69						2.03

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																110		102		106		106000000		8.03		8.07		0.05																				40		42		41		410000000		8.61		8.65		0.03

																126		105		115.5		115500000		8.06																								46		43		44.5		445000000		8.65

																150		120		135		135000000		8.13																								50		46		48		480000000		8.68

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																49		29		39		39000000		7.59		7.75		0.23		0.48		0.32																29		28		28.5		28500000		7.45		7.43		0.02		1.19		1.21

																100		109		104.5		104500000		8.02						0.05		0.23																26		25		25.5		25500000		7.41						1.24		0.02

																55		33		44		44000000		7.64						0.43																		27		28		27.5		27500000		7.44						1.21

		Day 28																																Day 28

		Positive Control		-5		-5		-6		-6		-7		-7		-8		-8																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

								91		98										94.5		94500000		7.98		7.58		0.55																				41		42		41.5		415000000		8.62		8.60		0.07

								52		81										66.5		66500000		7.82																								46		45		45.5		455000000		8.66

				90		90														90		9000000		6.95																								32		34		33		330000000		8.52

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												110		80						95		9500000		6.98		7.10		0.14		0.61		0.48												148		128						138		13800000		7.14		7.48		0.30		1.46		1.12

												180		180						180		18000000		7.26						0.33		0.14																33		54		43.5		43500000		7.64						0.96		0.30

												130		108						119		11900000		7.08						0.51																		46		46		46		46000000		7.66						0.94

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																68		51		59.5		59500000		7.77		7.80																						48		51		49.5		495000000		8.69		8.64

																72		60		66		66000000		7.82																								42		36		39		390000000		8.59

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																26		51		38.5		38500000		7.59		7.56		0.03																				73		51		62		620000000		8.79		8.62		0.17

																40		34		37		37000000		7.57																								35		45		40		400000000		8.60

																37		30		33.5		33500000		7.53																								29		29		29		290000000		8.46

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																40		30		35		35000000		7.54		7.50		0.11		0.02		0.06												35		45						40		4000000		6.60		6.78		0.17		2.02		1.84

												247		234						240.5		24050000		7.38						0.18		0.11												112		66						89		8900000		6.95						1.67		0.17

																44		32		38		38000000		7.58						-0.02														69		55						62		6200000		6.79						1.83

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																39		55		47		47000000		7.67		7.77		0.08																				58		59		58.5		585000000		8.77		8.78		0.07

																50		86		68		68000000		7.83																								70		72		71		710000000		8.85

																68		57		62.5		62500000		7.80																								43		60		51.5		515000000		8.71

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																30		27		28.5		28500000		7.45		7.37		0.08		0.31		0.40																101		107		104		104000000		8.02		7.87		0.23		0.76		0.91

												241		203						222		22200000		7.35						0.42		0.08																45		34		39.5		39500000		7.60						1.18		0.23

												200		195						197.5		19750000		7.30						0.47																		115		78		96.5		96500000		7.98						0.79

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																25		25		25		25000000		7.40		7.43		0.04																144		157						150.5		150500000		8.18		8.14		0.06

																18		35		26.5		26500000		7.42																				148		148						148		148000000		8.17

																35		25		30		30000000		7.48																				127		112						119.5		119500000		8.08

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

																35		44		39.5		39500000		7.60		7.42		0.24		-0.16		0.01												133		165						149		14900000		7.17		7.43		0.39		0.97		0.71

												133		145						139		13900000		7.14						0.29		0.24																84		68		76		76000000		7.88						0.26		0.39

																25		41		33		33000000		7.52						-0.09														165		182						173.5		17350000		7.24						0.90

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																93		106		99.5		995000000		9.00		9.03																						1664		2184		1924		19240000000		10.28		10.15

																132		104		118		1180000000		9.07																								1056		1056		1056		10560000000		10.02

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																58		54		56		56000000		7.75		7.72		0.04																				27		37		32		320000000		8.51		8.36		0.20

																55		54		54.5		54500000		7.74																				135		137						136		136000000		8.13

																61		33		47		47000000		7.67																								28		26		27		270000000		8.43

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												189		172						180.5		18050000		7.26		7.37		0.11		0.46		0.35																47		54		50.5		50500000		7.70		7.64		0.09		0.65		0.72

												259		218						238.5		23850000		7.38						0.34		0.11																44		50		47		47000000		7.67						0.68		0.09

																35		24		29.5		29500000		7.47						0.25																		37		31		34		34000000		7.53						0.83

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																61		92		76.5		76500000		7.88		7.88		0.00																				52		33		42.5		425000000		8.63		8.63		0.01

																				0		0		0.00																								46		37		41.5		415000000		8.62

																				0		0		0.00																								41		45		43		430000000		8.63

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												78		144						111		11100000		7.05		7.25		0.26		0.84		0.64																69		44		56.5		56500000		7.75		7.68		0.10		0.87		0.95

												151		133						142		14200000		7.15						0.73		0.26																56		48		52		52000000		7.72						0.91		0.10

																43		26		34.5		34500000		7.54						0.35																		35		39		37		37000000		7.57						1.06

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																70		80		75		75000000		7.88		7.77		0.09																				31		58		44.5		445000000		8.65		8.73		0.08

																30		72		51		51000000		7.71																								53		75		64		640000000		8.81

																47		60		53.5		53500000		7.73																								55		54		54.5		545000000		8.74

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												175		122						148.5		14850000		7.17		7.08		0.08		0.60		0.69																120		99		109.5		109500000		8.04		7.82		0.27		0.69		0.91

												96		111						103.5		10350000		7.01						0.76		0.08																27		39		33		33000000		7.52						1.21		0.27

												120		103						111.5		11150000		7.05						0.72																		80		82		81		81000000		7.91						0.82





Natural Splits

		Natural Splits

		Trial 1																												Trial 2																								Trial 3

		Day 0												Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.6066				0.5763				0.5715				0.5957				0.5836				0.5879				0.5827

						0.5709				0.5751

						0.5736				0.5733

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

																73		76		74.5		74500000		7.87		7.96																						386		490		438		438000000		8.64		8.67

																116		103		109.5		109500000		8.04																								614		401		507.5		507500000		8.71

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																79		69		74		74000000		7.87		7.63		0.21																110		109						109.5		109500000		8.04		8.38		0.30

																35		27		31		31000000		7.49																								44		26		35		350000000		8.54

																39		28		33.5		33500000		7.53																								43		31		37		370000000		8.57

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												34		33						33.5		3350000		6.53		6.55		0.03		1.10		1.07																28		27		27.5		27500000		7.44		7.42		0.23		0.94		0.97

												43		33						38		3800000		6.58						1.05		0.03												149		152						150.5		15050000		7.18						1.21		0.23

												44		28						36		3600000		6.56						1.07																		48		38		43		43000000		7.63						0.75

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																113		70		91.5		91500000		7.96		7.90		0.08																				42		41		41.5		415000000		8.62		8.47		0.13

																100		75		87.5		87500000		7.94																								31		19		25		250000000		8.40

																70		59		64.5		64500000		7.81																								24		25		24.5		245000000		8.39

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												86		75						80.5		8050000		6.91		7.08		0.39		1.00		0.82																40		40		40		40000000		7.60		7.24		1.00		0.87		1.23

																42		25		33.5		33500000		7.53						0.38		0.39																120		84		102		102000000		8.01						0.46		1.00

												86		44						65		6500000		6.81						1.09										120		140										130		1300000		6.11						2.35

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																70		36		53		53000000		7.72		7.80		0.14																				20		29		24.5		245000000		8.39		8.42		0.05

																96		90		93		93000000		7.97																								25		25		25		250000000		8.40

																66		37		51.5		51500000		7.71																								25		36		30.5		305000000		8.48

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								190		200										195		1950000		6.29		6.61		0.39		1.51		1.19																30		37		33.5		33500000		7.53		7.36		0.24		0.90		1.07

												114		109						111.5		11150000		7.05						0.75		0.39																12				12		12000000		7.08						1.34		0.24

												34		27						30.5		3050000		6.48						1.32																		29		30		29.5		29500000		7.47						0.95

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																67		46		56.5		56500000		7.75		7.78																						42		44		43		430000000		8.63		8.66

																70		60		65		65000000		7.81																								50		49		49.5		495000000		8.69

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																41		37		39		39000000		7.59		7.65		0.09																				55		45		50		500000000		8.70		8.70		0.02

																47		36		41.5		41500000		7.62																								53		52		52.5		525000000		8.72

																67		47		57		57000000		7.76																								48		50		49		490000000		8.69

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												57		59						58		5800000		6.76		6.66		0.14		0.89		0.99																30		31		30.5		30500000		7.48		7.63		0.18		1.22		1.07

												28		35						31.5		3150000		6.50						1.16		0.14																60		75		67.5		67500000		7.83						0.87		0.18

												52		55						53.5		5350000		6.73						0.93																		48		30		39		39000000		7.59						1.11

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																33		37		35		35000000		7.54		7.60		0.09																180		199						189.5		189500000		8.28		8.15		0.14

																41		61		51		51000000		7.71																				160		134						147		147000000		8.17

																43		29		36		36000000		7.56																				104		99						101.5		101500000		8.01

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												112		65						88.5		8850000		6.95		6.98		0.16		0.66		0.62																57		48		52.5		52500000		7.72		7.81		0.11		0.43		0.34

												128		158						143		14300000		7.16						0.45		0.16																74		44		59		59000000		7.77						0.38		0.11

												71		68						69.5		6950000		6.84						0.76																		94		80		87		87000000		7.94						0.21

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												145		159						152		15200000		7.18		7.33		0.14																113		134						123.5		123500000		8.09		8.16		0.07

												212		250						231		23100000		7.36																				133		203						168		168000000		8.23

																29		27		28		28000000		7.45																				153		138						145.5		145500000		8.16

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								180		198										189		1890000		6.28		6.58		0.27		1.05		0.75												92		115						103.5		10350000		7.01		7.11		0.09		1.15		1.05

												46		44						45		4500000		6.65						0.68		0.27												190		130						160		16000000		7.20						0.96		0.09

												52		76						64		6400000		6.81						0.52														130		121						125.5		12550000		7.10						1.06

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																106		66		86		860000000		8.93		8.96																						960		2064		1512		15120000000		10.18		10.21

																97		93		95		950000000		8.98																								1888		1632		1760		17600000000		10.25

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																53		77		65		65000000		7.81		7.80		0.11																135		131						133		133000000		8.12		8.08		0.07

																79		80		79.5		79500000		7.90																				119		134						126.5		126500000		8.10

																43		53		48		48000000		7.68																				97		103						100		100000000		8.00

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												73		83						78		7800000		6.89		6.77		0.16		0.91		1.03												178		170						174		17400000		7.24		7.16		0.11		0.83		0.91

												56		80						68		6800000		6.83						0.97		0.16												126		94						110		11000000		7.04						1.03		0.11

												37		40						38.5		3850000		6.59						1.21														175		144						159.5		15950000		7.20						0.87

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																70		65		67.5		67500000		7.83		7.63		0.20																				36		37		36.5		365000000		8.56		8.60		0.04

																29		26		27.5		27500000		7.44																								43		37		40		400000000		8.60

																59		25		42		42000000		7.62																								47		40		43.5		435000000		8.64

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												30		39						34.5		3450000		6.54		6.42		0.18		1.09		1.21												97		89						93		9300000		6.97		7.13		0.29		1.63		1.48

								173		154										163.5		1635000		6.21						1.42		0.18												68		108						88		8800000		6.94						1.66		0.29

												38		26						32		3200000		6.51						1.13																		32		26		29		29000000		7.46						1.14

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																78		140		109		109000000		8.04		8.00		0.04																				30		35		32.5		325000000		8.51		8.60		0.08

																57		125		91		91000000		7.96																								32		60		46		460000000		8.66

																93		106		99.5		99500000		8.00																								42		42		42		420000000		8.62

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								168		186										177		1770000		6.25		6.12		0.14		1.75		1.88																42		45		43.5		43500000		7.64		7.63		0.08		0.96		0.97

								75		110										92.5		925000		5.97						2.03		0.14																42		58		50		50000000		7.70						0.90		0.08

								120		158										139		1390000		6.14						1.86																		34		36		35		35000000		7.54						1.06





NonP XI 2730 FPO

		NonP XI 27/30 FPO

		Trial 1																												Trial 2																								Trial 3

		Day 0												Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.5369				0.5543				0.5393				0.5427				0.5437				0.5304				0.5468

						0.5582				0.5534

						0.55625				0.5464

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

																31		44		37.5		37500000		7.57		7.65																						219		231		225		225000000		8.35		8.40

																46		60		53		53000000		7.72																								253		301		277		277000000		8.44

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												73		63						68		6800000		6.83		6.86		0.02																44		41						42.5		42500000		7.63		7.73		0.11

												88		62						75		7500000		6.88																				76		65						70.5		70500000		7.85

												76		74						75		7500000		6.88																				67		40						53.5		53500000		7.73

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				72		120														96		96000		4.98		4.91		0.36		1.88		1.95								59		69										64		640000		5.81		5.92		0.27		1.93		1.82

				180		155														167.5		167500		5.22						1.64		0.36								174		159										166.5		1665000		6.22						1.51		0.27

				37		28														32.5		32500		4.51						2.35										62		45										53.5		535000		5.73						2.01

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												93		75						84		8400000		6.92		7.05		0.13																61		76						68.5		68500000		7.84		7.74		0.09

												101		130						115.5		11550000		7.06																				45		47						46		46000000		7.66

												160		140						150		15000000		7.18																				40		69						54.5		54500000		7.74

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				160		181														170.5		170500		5.23		5.06		0.28		1.82		1.99								52		42										47		470000		5.67		5.78		0.32		2.07		1.96

				210		124														167		167000		5.22						1.83		0.28								106		170										138		1380000		6.14						1.61		0.32

				49		60														54.5		54500		4.74						2.32										44		24										34		340000		5.53						2.21

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												104		95						99.5		9950000		7.00		6.97		0.12																84		76						80		80000000		7.90		7.74		0.25

												90		46						68		6800000		6.83																				26		31						28.5		28500000		7.45

												130		108						119		11900000		7.08																				86		56						71		71000000		7.85

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								94		112										103		1030000		6.01		5.88		0.18		0.96		1.09								184		58										121		1210000		6.08		5.81		0.24		1.65		1.92

								42		54										48		480000		5.68						1.29		0.18								50		53										51.5		515000		5.71						2.02		0.24

								80		99										89.5		895000		5.95						1.02										48		40										44		440000		5.64						2.09

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev

																43		28		35.5		35500000		7.55		7.64																						236		95		165.5		165500000		8.22		8.11

																50		59		54.5		54500000		7.74																								90		110		100		100000000		8.00

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												64		68						66		6600000		6.82		6.72		0.15																29		20						24.5		24500000		7.39		7.45		0.09

												30		40						35		3500000		6.54																				17		34						25.5		25500000		7.41

												84		42						63		6300000		6.80																				33		38						35.5		35500000		7.55

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				183		210														196.5		196500		5.29		5.27		0.35		1.43		1.45								37		44										40.5		405000		5.61		5.41		0.37		1.84		2.04

				526		276														401		401000		5.60						1.12		0.35								47		39										43		430000		5.63						1.82		0.37

				71		91														81		81000		4.91						1.81						89		105														97		97000		4.99						2.46

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												141		97						119		11900000		7.08		7.03		0.04																53		49						51		51000000		7.71		7.72		0.05

												81		134						107.5		10750000		7.03																				56		38						47		47000000		7.67

												109		90						99.5		9950000		7.00																				67		50						58.5		58500000		7.77

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				222		178														200		200000		5.30		5.03		0.24		1.73		2.01								85		61										73		730000		5.86		5.92		0.18		1.85		1.79

				117		53														85		85000		4.93						2.11		0.24								57		65										61		610000		5.79						1.93		0.18

				86		58														72		72000		4.86						2.18										148		116										132		1320000		6.12						1.60

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																2		5		3.5		3500000		6.54		6.69		0.21												112		93										102.5		10250000		7.01		7.08		0.08

																7		1		4		4000000		6.60																138		155										146.5		14650000		7.17

																9		8		8.5		8500000		6.93																97		128										112.5		11250000		7.05

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				79		90														84.5		84500		4.93		4.64		0.26		1.76		2.05				43		37														40		40000		4.60		4.69		0.09		3.11		3.03

				14		37														25.5		25500		4.41						2.29		0.26				45		51														48		48000		4.68						3.03		0.09

				54		25														39.5		39500		4.60						2.10						56		65														60.5		60500		4.78						2.93

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																64		75		69.5		695000000		8.84		8.99																						380		423		401.5		4015000000		9.60		9.51

																80		194		137		1370000000		9.14																								241		276		258.5		2585000000		9.41

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												35		36						35.5		3550000		6.55		6.65		0.19																58		30						44		44000000		7.64		7.71		0.06

												25		42						33.5		3350000		6.53																				57		51						54		54000000		7.73

												27		119						73		7300000		6.86																				53		64						58.5		58500000		7.77

		Treated 280F/15min		-2		-2		-3		-3		-4		-4		-5		-5																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				193		276														234.5		23450		4.37		4.02		0.38		2.28		2.63								163		141										152		1520000		6.18		6.05		0.12		1.53		1.66

				38		46														42		4200		3.62						3.02		0.38								88		112										100		1000000		6.00						1.71		0.12

				114		116														115		11500		4.06						2.59										116		70										93		930000		5.97						1.75

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												258		89						173.5		17350000		7.24		7.01		0.21																39		28						33.5		33500000		7.53		7.52		0.01

												65		65						65		6500000		6.81																				29		36						32.5		32500000		7.51

												118		74						96		9600000		6.98																				39		27						33		33000000		7.52

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				28		39														33.5		33500		4.53		4.56		0.09		2.49		2.45								60		94										77		770000		5.89		6.12		0.27		1.63		1.39

				51		41														46		46000		4.66						2.35		0.09								100		132										116		1160000		6.06						1.45		0.27

				25		38														31.5		31500		4.50						2.51														28		25						26.5		2650000		6.42						1.10

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												126		148						137		13700000		7.14		7.16		0.07																72		100						86		86000000		7.93		7.94		0.02

												175		166						170.5		17050000		7.23																				69		95						82		82000000		7.91

												107		148						127.5		12750000		7.11																				83		99						91		91000000		7.96

		Treated 280F/15min		-2		-2		-3		-3		-4		-4		-5		-5																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				20		28														24		2400		3.38		3.31		0.08		3.63		3.70								110		96										103		1030000		6.01		6.10		0.09		1.92		1.83

				10		32														21		2100		3.32						3.69		0.08								144		171										157.5		1575000		6.20						1.74		0.09

				15		19														17		1700		3.23						3.78										125		129										127		1270000		6.10						1.83





Monterey whole broken

		Monterey natural whole and broken, 36aos

		Trial 1																												Trial 2																								Trial 3

		Day 1												Day 14								Day 28								Day 0								Day 14								Day 28								Day 0								Day 14								Day 28

		Uninoculated				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium				Salmonella				E. faecium				Uninoculated				E. faecium				Uninoculated				E. faecium

		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture		Aw		Moisture

		0.5383				0.5718				0.5660				0.5429				0.5671				0.5436				0.5605

						0.5669				0.5571

						0.56935				0.56155

		Trial 1

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev		Log reduction				wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev		Log reduction

												206		205						205.5		20550000		7.31		7.52																						248		278		263		263000000		8.42		8.50

																57		48		52.5		52500000		7.72																								372		383		377.5		377500000		8.58

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												233		179						206		20600000		7.31		7.06		0.28																63		57						60		60000000		7.78		7.89		0.09

												58		56						57		5700000		6.76																				87		92						89.5		89500000		7.95

												144		120						132		13200000		7.12																				92		78						85		85000000		7.93

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								113		96										104.5		1045000		6.02		6.01		0.18		1.04		1.05								82		50										66		660000		5.82		5.88		0.30		2.07		2.01

								150		161										155.5		1555000		6.19						0.87		0.18								170		152										161		1610000		6.21						1.68		0.30

								71		65										68		680000		5.83						1.23										40		42										41		410000		5.61						2.27

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												52		33						42.5		4250000		6.63		6.62		0.01																99		99						99		99000000		8.00		7.97		0.02

												57		25						41		4100000		6.61																				101		88						94.5		94500000		7.98

												56		25						40.5		4050000		6.61																				100		79						89.5		89500000		7.95

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								160		76										118		1180000		6.07		6.05		0.43		0.54		0.57								109		89										99		990000		6.00		6.52		0.83		1.98		1.46

								43		38										40.5		405000		5.61						1.01		0.43								121		120										120.5		1205000		6.08						1.89		0.83

												36		23						29.5		2950000		6.47						0.15																		27		33		30		30000000		7.48						0.50

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																45		28		36.5		36500000		7.56		7.60		0.07																96		64						80		80000000		7.90		8.00		0.08

																57		41		49		49000000		7.69																				110		115						112.5		112500000		8.05

																32		41		36.5		36500000		7.56																				110		110						110		110000000		8.04

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

												43		29						36		3600000		6.56		6.48		0.07		1.05		1.13								121		101										111		1110000		6.05		6.16		0.21		1.95		1.83

												25		31						28		2800000		6.45						1.16		0.07								130		90										110		1100000		6.04						1.96		0.21

												24		29						26.5		2650000		6.42						1.18														26		25						25.5		2550000		6.41						1.59

		Trial 2

		E. faecium																																Salmonella

		wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-3		-3		-4		-4		-5		-5		-6		-6		average		cfu/g		log cfu/g		avg		stdev

																55		58		56.5		56500000		7.75		7.81																						118		99		108.5		108500000		8.04		8.04

																85		61		73		73000000		7.86																								111		115		113		113000000		8.05

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												74		204						139		13900000		7.14		7.17		0.03																46		93						69.5		69500000		7.84		7.78		0.05

												134		169						151.5		15150000		7.18																				50		64						57		57000000		7.76

												137		175						156		15600000		7.19																				43		68						55.5		55500000		7.74

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								99		132										115.5		1155000		6.06		6.08		0.31		1.11		1.09								97		100										98.5		985000		5.99		5.92		0.13		1.79		1.86

								49		70										59.5		595000		5.77						1.40		0.31								55		65										60		600000		5.78						2.00		0.13

								162		341										251.5		2515000		6.40						0.77										107		92										99.5		995000		6.00						1.78

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												190		263						226.5		22650000		7.36		7.37		0.06																144		200						172		172000000		8.24		8.03		0.19

												169		245						207		20700000		7.32																				130		72						101		101000000		8.00

																25		30		27.5		27500000		7.44																				79		63						71		71000000		7.85

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								138		124										131		1310000		6.12		6.37		0.23		1.25		1.00												81		76						78.5		7850000		6.89		6.62		0.24		1.14		1.41

												32		25						28.5		2850000		6.45						0.92		0.23												36		26						31		3100000		6.49						1.54		0.24

												25		46						35.5		3550000		6.55						0.82														25		35						30		3000000		6.48						1.55

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												124		127						125.5		12550000		7.10		7.20		0.10																29		21						25		25000000		7.40		7.46		0.05

												91		300						195.5		19550000		7.29																				27		34						30.5		30500000		7.48

												170		150						160		16000000		7.20																				29		33						31		31000000		7.49

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				8		9														8.5		8500		3.93		4.56		0.57		3.27		2.63								146		86										116		1160000		6.06		6.32		0.27		1.39		1.14

				123		100														111.5		111500		5.05						2.15		0.57												43		37						40		4000000		6.60						0.86		0.27

				35		69														52		52000		4.72						2.48										117		600		20		20						20		2000000		6.30						1.16

		Trial 3

		E. faecium																																Salmonella

		wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		lof cfu/g		avg		stdev						wet samples		-4		-4		-5		-5		-6		-6		-7		-7		average		cfu/g		log cfu/g		avg		stdev

																56		116		86		860000000		8.93		8.80																						273		257		265		2650000000		9.42		9.47

																47		44		45.5		455000000		8.66																								317		334		325.5		3255000000		9.51

		Day 0																																Day 0

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												121		143						132		13200000		7.12		7.16		0.04																84		59						71.5		71500000		7.85		7.92		0.09

												160		136						148		14800000		7.17																				100		109						104.5		104500000		8.02

												159		159						159		15900000		7.20																				79		78						78.5		78500000		7.89

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				107		132														119.5		119500		5.08		4.96		0.31		2.09		2.21								220		210										215		2150000		6.33		6.39		0.42		1.59		1.53

				35		45														40		40000		4.60						2.56		0.31												66		70						68		6800000		6.83						1.09		0.42

				189		120														154.5		154500		5.19						1.98										113		91										102		1020000		6.01						1.91

		Day 14																																Day 14

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

												163		162						162.5		16250000		7.21		7.42		0.21																				32		41		36.5		365000000		8.56		8.59		0.04

																25		27		26		26000000		7.41																								48		38		43		430000000		8.63

																51		33		42		42000000		7.62																								33		40		36.5		365000000		8.56

		Treated 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

								37		89										63		630000		5.80		5.73		0.20		1.62		1.68												28		29						28.5		2850000		6.45		6.62		0.27		2.13		1.96

								78		77										77.5		775000		5.89						1.53		0.20												36		25						30.5		3050000		6.48						2.10		0.27

								35		30										32.5		325000		5.51						1.90														96		74						85		8500000		6.93						1.66

		Day 28																																Day 28

		Positive Control		-3		-3		-4		-4		-5		-5		-6		-6																Positive Control		-4		-4		-5		-5		-6		-6		-7		-7

																180		83		131.5		131500000		8.12		7.92		0.18																167		166						166.5		166500000		8.22		8.22		0.08

																55		61		58		58000000		7.76																				198		190						194		194000000		8.29

																80		75		77.5		77500000		7.89																				138		136						137		137000000		8.14

		Treated 280F/15min		-2		-2		-3		-3		-4		-4		-5		-5																treated at 280F/15min		-3		-3		-4		-4		-5		-5		-6		-6

				40		62														51		5100		3.71		4.59		0.77		4.22		3.33												55		81						68		6800000		6.83		6.59		0.39		1.38		1.63

								82		86										84		84000		4.92						3.00		0.77												55		69						62		6200000		6.79						1.42		0.39

								118		160										139		139000		5.14						2.78										165		110										137.5		1375000		6.14						2.08





Summary

		

								Enterococcus faecium NRRL B-2354																		Salmonella Enteritidis PT30

								Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Whole Broken												Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Whole Broken								Entrococcus						Salmonella PT30

		Day 0		Trial 1		Rep 1		0.42		1.10		1.88		1.04						Day 0		Trial 1		Rep 1		1.87		0.94		1.93		2.07								Day 0		Day 14		Day 28		Day 0		Day 14		Day 28																				Entrococcus				Salmonella PT30

						Rep 2		0.55		1.05		1.64		0.87										Rep 2		1.68		1.21		1.51		1.68						Natural Dice 12-8		0.29		0.45		0.40		1.47		1.02		0.91																				Day 0		Day 14		Day 0		Day 14

						Rep 3		0.44		1.07		2.35		1.23										Rep 3		2.03		0.75		2.01		2.27						Natural Split		1.03		0.89		1.28		0.98		1.01		1.03																		Natural Dice 12-8		0.47		0.32		1.86		1.21

						Avg		0.47		1.07		1.95		1.05										Avg		1.86		0.97		1.82		2.01						NonPl 27/30		2.01		2.15		2.28		1.84		1.72		2.26																		Natural Split		1.07		0.82		0.97		1.23

						Stdev		0.07		0.03		0.36		0.18										stdev		0.17		0.23		0.27		0.30						Monterey Broken		1.45		1.08		2.37		1.80		1.61		1.53																		NonPl 27/30		1.95		1.99		1.82		1.96

				Trial 2		Rep 1		0.02		0.89		1.43		1.11								Trial 2		Rep 1		2.02		1.22		1.84		1.79																																				Monterey		1.05		0.57		2.01		1.46

						Rep 2		0.18		1.16		1.12		1.40										Rep 2		1.67		0.87		1.82		2.00						Stdev		0.20		0.23		0.33		0.58		0.19		0.33

						Rep 3		-0.02		0.93		1.81		0.77										Rep 3		1.83		1.11		2.46		1.78								0.12		0.35		0.55		0.17		0.74		0.14																				0.07		0.23		0.17		0.02

						Avg		0.06		0.99		1.45		1.09										Avg		1.84		1.07		2.04		1.86								0.60		0.30		1.16		0.28		0.34		0.59																				0.03		0.39		0.23		1

						Stdev		0.11		0.14		0.35		0.31										Stdev		0.17		0.18		0.37		0.13								0.62		0.55		1.09		0.34		0.52		0.40																				0.36		0.28		0.27		0.32

				Trial 3		Rep 1		0.46		0.91		2.28		2.09								Trial 3		Rep 1		0.65		0.83		1.53		1.59																																						0.18		0.43		0.3		0.83

						Rep 2		0.34		0.97		3.02		2.56										Rep 2		0.68		1.03		1.71		1.09

						Rep 3		0.25		1.21		2.59		1.98										Rep 3		0.83		0.87		1.75		1.91

						Avg		0.35		1.03		2.63		2.21										Avg		0.72		0.91		1.66		1.53																																						E. faecium NRRL B-2354		S. Enteritidis PT30		Entrococcus		Salmonella PT30

								0.11		0.16		0.38		0.31										stdev		0.09		0.11		0.12		0.42																																						Day 0		Day 0		Day 14		Day 14

						Avg of 9 samples		0.29		1.03		2.01		1.45										Avg of 9 samples		1.47		0.98		1.84		1.80

						Stdev of 9 samples		0.20		0.12		0.60		0.62										Stdev of 9 samples		0.58		0.17		0.28		0.34

		Day 14		Trial 1		Rep 1		0.48		1.00		1.82		0.54						Day 14		Trial 1		Rep 1		1.19		0.87		2.07		1.98																																				Natural Dice 12-8		0.47		1.86		0.32		1.21

						Rep 2		0.05		0.38		1.83		1.01										Rep 2		1.24		0.46		1.61		1.89																																				Natural Split		1.07		0.97		0.82		1.23

						Rep 3		0.43		1.09		2.32		0.15										Rep 3		1.21		2.35		2.21		0.50																																				NonPl 27/30		1.95		1.82		1.99		1.96

						Avg		0.32		0.82		1.99		0.57										Avg		1.21		1.23		1.96		1.46																																				Monterey		1.05		2.01		0.57		1.46

						Stdev		0.23		0.39		0.28		0.43										stdev		0.02		1.00		0.32		0.83

				Trial 2		Rep 1		0.31		0.66		1.73		1.25								Trial 2		Rep 1		0.76		0.43		1.85		1.14																																						0.07		0.17		0.23		0.02

						Rep 2		0.42		0.45		2.11		0.92										Rep 2		1.18		0.38		1.93		1.54																																						0.03		0.23		0.39		1

						Rep 3		0.47		0.76		2.18		0.82										Rep 3		0.79		0.21		1.60		1.55																																						0.36		0.27		0.28		0.32

						Avg		0.40		0.62		2.01		1.00										Avg		0.91		0.34		1.79		1.41																																						0.18		0.3		0.43		0.83

								0.08		0.16		0.24		0.23												0.23		0.11		0.18		0.24

				Trial 3		Rep 1		0.84		1.09		2.49		1.62								Trial 3		Rep 1		0.87		1.63		1.63		2.13

						Rep 2		0.73		1.42		2.35		1.53										Rep 2		0.91		1.66		1.45		2.10

						Rep 3		0.35		1.13		2.51		1.90										Rep 3		1.06		1.14		1.10		1.66

						Avg		0.64		1.21		2.45		1.68										Avg		0.95		1.48		1.39		1.96

								0.26		0.18		0.09		0.20												0.10		0.29		0.27		0.27

						Avg of 9 samples		0.45		0.89		2.15		1.08										Avg of 9 samples		1.02		1.01		1.72		1.61

						Stdev of 9 samples		0.23		0.35		0.30		0.55										Stdev of 9 samples		0.19		0.74		0.34		0.52

		Day 28		Trial 1		Rep 1		0.606		1.51		0.96		1.05						Day 28		Trial 1		Rep 1		1.46		0.90		1.65		1.95

						Rep 2		0.329		0.75		1.29		1.16										Rep 2		0.96		1.34		2.02		1.96

						Rep 3		0.509		1.32		1.02		1.18										Rep 3		0.94		0.95		2.09		1.59								E. faecium NRRL B-2354		S. Enteritidis PT30		Entrococcus		Salmonella PT30		Entrococcus		Salmonella PT30

						Avg		0.48		1.19		1.09		1.13										Avg		1.12		1.07		1.92		1.83								Day 0		Day 0		Day 14		Day 14		Day 28		Day 28								0		0.29		1.03		2.01		1.45

								0.14		0.39		0.18		0.07												0.30		0.24		0.24		0.21																										14		0.45		0.89		2.15		1.08

				Trial 2		Rep 1		-0.16		1.05		1.76		3.27								Trial 2		Rep 1		0.97		1.15		3.11		1.39																										28		0.40		1.28		2.28		2.37

						Rep 2		0.29		0.68		2.29		2.15										Rep 2		0.26		0.96		3.03		0.86						Natural Dice 12-8		0.29		1.47		0.45		1.02		0.40		0.91

						Rep 3		-0.09		0.52		2.10		2.48										Rep 3		0.90		1.06		2.93		1.16						Natural Split		1.03		0.98		0.89		1.01		1.28		1.03

						Avg		0.01		0.75		2.05		2.63										Avg		0.71		1.05		3.03		1.14						NonPl 27/30		2.01		1.84		2.15		1.72		2.28		2.26

								0.24		0.27		0.26		0.57												0.39		0.09		0.09		0.27						Monterey Broken		1.45		1.80		1.08		1.61		2.37		1.53

				Trial 3		Rep 1		0.60		1.75		3.63		4.22								Trial 3		Rep 1		0.69		0.96		1.92		1.38

						Rep 2		0.76		2.03		3.69		3.00										Rep 2		1.21		0.90		1.74		1.42						Stdev		0.20		0.58		0.23		0.19		0.33		0.33

						Rep 3		0.72		1.86		3.78		2.78										Rep 3		0.82		1.06		1.83		2.08								0.12		0.17		0.35		0.74		0.55		0.14

						Avg		0.69		1.88		3.70		3.33										Avg		0.91		0.97		1.83		1.63								0.60		0.28		0.30		0.34		1.16		0.59

								0.08		0.14		0.08		0.77												0.27		0.08		0.09		0.39								0.62		0.34		0.55		0.52		1.09		0.40

						Avg of 9 samples		0.40		1.28		2.28		2.37										Avg of 9 samples		0.91		1.03		2.26		1.53

						Stdev of 9 samples		0.33		0.55		1.16		1.09										Stdev of 9 samples		0.33		0.14		0.59		0.40

																																								E. faecium NRRL B-2354

																																										Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Broken

																																								Day 0		0.29		1.03		2.01		1.45

																																								Day 14		0.45		0.89		2.15		1.08

																																								Day 28		0.40		1.28		2.28		2.37

																																								Stdev		0.20		0.12		0.60		0.62

																																										0.23		0.35		0.30		0.55																								E. faecium NRRL B-2354

																																																																										Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Broken

																																										0.33		0.55		1.16		1.09																								Day 0		0.47		1.07		1.95		1.05

																																																																								Day 14		0.32		0.82		1.99		0.57

																																										S. Enteritidis PT30

																																										Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey																										0.07		0.03		0.36		0.18

																																								Day 0		1.47		0.98		1.84		1.80

																																																																										0.23		0.39		0.28		0.43

																																								Day 14		1.02		1.01		1.72		1.61

																																																																								S. Enteritidis PT30

																																								Day 28		0.91		1.03		2.26		1.53																								Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey

																																																																						Day 0		1.86		0.97		1.82		2.01

																																								Stdev		0.58		0.17		0.28		0.34																						Day 14		1.21		1.23		1.96		1.46

																																										0.19		0.74		0.34		0.52																								0.17		0.23		0.27		0.3

																																										0.33		0.14		0.59		0.40																								0.02		1.0		0.32		0.83
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Summay-Analysis Results
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Log Reduction
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E. faecium NRRL B-2354
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Log Reduction

Day 14



		0										0.0730466904		0.0730466904		0.0274613072		0.0274613072		0.3621316313		0.3621316313		0.1796561596		0.1796561596

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.2334865822		0.2334865822		0.3871321047		0.3871321047		0.2834131155		0.2834131155		0.431610454		0.431610454
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Natural Split

NonPl 27/30
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Log Reduction

E. faecium NRRL B-2354
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										NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

										0.02		0.02		1		1		0.32		0.32		0.83		0.83
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Log Reduction

S. Enteritidis PT30
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Natural Split

NonPl 27/30
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		0										0.2016176508		0.2016176508		0.1152673863		0.1152673863		0.5993283121		0.5993283121		0.6167986911		0.6167986911

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.2290243434		0.2290243434		0.3455085754		0.3455085754		0.2952190301		0.2952190301		0.5541095032		0.5541095032

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.3345549644		0.3345549644		0.5514244537		0.5514244537		1.1564504936		1.1564504936		1.0879766256		1.0879766256
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NonPl 27/30

Monterey Broken

Log Reduction

E. faecium NRRL B-2354



		0										0.5796749325		0.5796749325		0.168227403		0.168227403		0.2847743126		0.2847743126		0.3376966126		0.3376966126

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.1916079359		0.1916079359		0.7352348156		0.7352348156		0.3404555849		0.3404555849		0.5248266033		0.5248266033

												NaN		NaN		NaN		NaN		NaN		NaN		NaN		NaN

												0.3307917592		0.3307917592		0.1431490954		0.1431490954		0.5918250094		0.5918250094		0.4046860929		0.4046860929
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		Entrococcus		Day 0		Day 14		Day 28		Conf. Level

		Natural Dice 12-8		0.29		0.45		0.40		NSD

		Natural Split		1.03		0.89		1.28		NSD

		NonPl 27/30		2.01		2.15		2.28		NSD

				b		b		a

		Monterey Broken		1.45		1.08		2.37		95%

		Salmonella PT30

		Natural Dice 12-8		1.47		1.02		0.91		NSD

		Natural Split		0.98		1.01		1.03		NSD

		NonPl 27/30		1.84		1.72		2.26		NSD

		Monterey Broken		1.80		1.61		1.53		NSD

				E. faecium NRRL B-2354		S. Enteritidis PT30

				Day 0		Day 0		Conf. Level

		Natural Dice 12-8		0.29		1.47		NSD

		Natural Split		1.03		0.98		NSD

		NonPl 27/30		2.01		1.84		NSD

		Monterey Broken		1.45		1.80		NSD

				E. faecium NRRL B-2354		S. Enteritidis PT30

				Day 14		Day 14		Conf. Level

		Natural Dice 12-8		0.45		1.02		NSD

		Natural Split		0.89		1.01		NSD

		NonPl 27/30		2.15		1.72		NSD

		Monterey Broken		1.08		1.61		NSD

				E. faecium NRRL B-2354		S. Enteritidis PT30

				Day 28		Day 28		Conf. Level

		Natural Dice 12-8		0.40		0.91		NSD

		Natural Split		1.28		1.03		NSD

		NonPl 27/30		2.28		2.26		NSD

		Monterey Broken		2.37		1.53		NSD

		E. faecium NRRL B-2354		Natural Dice 12-8		Natural Split		NonPl 27/30		Monterey Broken		Conf. Level

				d		c		a		b

		Day 0		0.29		1.03		2.01		1.45		95%

				c		b		a		b

		Day 14		0.45		0.89		2.15		1.08		95%

				c		b		a		a

		Day 28		0.40		1.28		2.28		2.37		95%

		S. Enteritidis PT30

				b		c		a		a

		Day 0		1.47		0.98		1.84		1.80		95%

		Day 14		1.02		1.01		1.72		1.61		NSD

				c		c		a		b

		Day 28		0.91		1.03		2.26		1.53		95%

		Analysis Method: Analysis of Variance

		Software used: SPSS

		NSD: Not significantly different at the confidence level of 95%.

		Mean ratings with different superscripts differ significantly at the 95% confidence level (Duncan's Multiple Comparison Test).















Thermal Resistance of Surrogate on Different Almond Types 

The heat resistance of E. faecium NRRL B-2354 and its correlation to S. 
Enteritidis PT30 was completed using whole intact almonds. 
 Can whole kernel inoculated almonds be used in plant validation studies for other 

almond types?   



Conclusions 

• Shelf life of almonds (whole kernel) inoculated with E. faecium NRRL B-2354 
can be extended from 14 to 60 days when stored at 4°C. 

• Almonds inoculated with E. faecium NRRL B-2354 should not be stored at 
25°C, or heat resistance will change. 

• Shelf life of the Natural Dice 12-8 and Natural Split almonds inoculated with E. 
faecium NRRL B-2354 can be extended to 28 days at 4°C. 

• Heat resistance of E. faecium NRRL B-2354 or S. Enteritidis PT30 is 
significantly different depending on almond type. 

Presenter
Presentation Notes
The inoculated almonds with E. faecium NRRL B-2354 should not be stored at 25°C as the heat resistance of the surrogate will change, and will no longer have comparable resistance to S. Enteritidis PT30. 
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