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Overview of 
Experiments Design



Selecting the sample size for the design

Statistical power and sample size calculation at type I error level of 5% (α= 0.05) for various detectable differences (d, log CFU/mL). Calculations derived from 
Proc Power command of SAS9.4 (SAS Inst., Cary, NC), based on mean (4.52 log CFU/mL) and standard deviation (0.07) of preliminary trials (n=5) of juice 

samples inoculated with five-strain habituated mixture of Salmonella serovars (ATCC® numbers 13076, 8387, 6962, 9270, 14028), treated at 139 MPa (20K 
PSI) for 60 seconds (Barocycler Hub440, Pressure BioScience Inc., South Easton, MA) at Public Health Microbiology Laboratory of Tennessee State 

University.



Selection of bacteriological medium 

* XLD for Salmonella serovars and PALCAM for Listeria monocytogenes
Upper caser letters are comparisons in each row (Tukey-adjusted)

Enhancing Recovery of Injured Cells after Pressure Treatment, Log CFU/ ml

YE – Yeast Extract
PY – Pyruvate



Design, Methods, and Analyses

• Two separate studies were conducted:
 HPP effects on planktonically-grown habituated serovars (Pathogenic organism)
 Effects of hydrostatic pressure on Background Flora (spoilage organisms)

• Each study was a Randomized Complete Block Design with:
 Two biologically independent repetitions (i.e., two blocking factor)
 Each block, containing three instrumental replications 
 With each instrumental replication consisting of two microbiological repetitions

(Thus each presented value is mean of at least 12 repetitions)



Design, Methods, and Analyses (continued)
• The data management (calculation of CFU mL and Log CFU/mL) were conducted using 

Microsoft Excel Office package.

• Graphical presentation of were based on an epidemiological study (Scallan et al., 2011) of 
Centers for Diseases Control and Prevention (CDC) and were designed using Piktochart 
Infographic Software*.

• Statistical analysis was conducted using SAS9.4, and OpenEpi, an open source epidemiologic 
statistical package for public health.

• Main analyses:
 Tukey adjusted ANOVA for mean separation of samples 
(values with different upper case letters are significantly different P<0.05)
 Dunnett’s adjusted ANOVA: Comparing each treatment with control 
(values follow by “†” are significantly different that control, P<0.05)

• Inactivation indices were calculated based on linear and non-linear models.
• Linear Index of D-value was obtain using American Meat Institute Foundation Process Lethality 

Spreadsheet*
• Non-Linear Index of K max were obtain using the GInaFit software based on best fitted non-

linear model . Maximum R2 was chosen as goodness-of-fit criterion.



Design, Methods, and Analyses (continued)
• Hydrostatic Pressure: 5k to 55K PSI 

(Barocycler Hub440, Pressure BioScience Inc.) 

• Temperature Range: 4 to 55 ºC

• Temperature Control: Water jacket and circulating 
water bath surrounding the reaction chamber

• Temperature Monitoring: Thermocouples insides 
chamber secured with thermal past, monitored every 
3 seconds using Barocycler HUB PBI 2.3.11 
Software. 

• Pressure Vessel: The challenge experiment were 
conducted in Barocycler Reaction PULSE Tubes





Effects of Mild Hydrostatic Pressure 
against Bacterial Pathogens



Decontamination of Orange Juice from Bacterial 
Pathogens and Mesophilic Background Microflora at 4 ºC

Allison et al., 2018



Decontamination of Orange Juice from Bacterial 
Pathogens and Mesophilic Background Microflora at 4 ºC

Allison et al., 2018



Decontamination of Orange Juice from Bacterial 
Pathogens and Mesophilic Background Microflora at 4 ºC

Allison et al., 2018



High Pressure Pasteurization of Orange Juice:
Inactivation Indices

Allison et al., 2018



Decontamination of Apple Cider from Salmonella Serovars 
at 4 ºC



Synergism of Mild Heat and 
Hydrostatic Pressure



Listeria monocytogenes in PBS







High Pressure Pasteurization of Raw Milk:
Inactivation Indices

Allison et al., 2018



Henry et al., 2018



Synergism of Natural 
Antimicrobials and Hydrostatic 

Pressure



Day et al., 2018



Allison et al., 2018

Synergism of Lactic Acid and Hydrostatic 
Pressure Escherichia coli O157:H7



Allison et al., 2018

CDC’s top six Non-O157 Shiga Toxin-Producing Escherichia coli



Pressure-stressed 
Organisms









Key Takeaways

 Mild hydrostatic pressure could achieve in access of 5 log reduction of bacterial 
pathogens.
 Pathogenic bacteria were typically more sensitive to inactivation treatment that the 

spoilage organisms.
 Mild Pressure could:

– Increase bioavailability of nutrients
– Increase the vessels shelf-life
– Reducing processing costs

 87K PSI (600 MPa) reduction for 3 min not necessarily required for an array of product
 Validation studies considering various intrinsic and extrinsic factors of the product could lead 

to optimized and economically feasible utilization of high pressure processing.
– HACCP plan= Manufacturers following HACCP requirements
– Food Safety Plan= Manufacturers Preventive Control for Human Food rule of FSMA 

 Pressure-adopted organisms
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