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BURDEN OF FOOD SAFETY

Globally 420,000 people (mostly children) die of Foodborne
diseases annually.

’ The burden of foodborne
41 diseases is substantial

Every year foodborne diseases cause:
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FOODBORNE DISEASES ARE PREVENTABLE.

information: www.who.Int/foodzafety
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Epidemiology of Foodborne Diseases

Based on data from 1990s :

(mead et al., 1999)

> 76 million illnesses, 323,000 hospitalizations,
5200 deaths in the United States.

More recent estimates show:
(Scallan et al., 201 1)

> 47.8 million illnesses, 127,839 hospitalizations,
and more than 3,037 deaths in the United
States.

> 9.4 million illnesses, 55,961 hospitalizations,
and 1,351 deaths are cause by 31 known
foodborne agents.

> $77.7 billion for losses in productivity and
economical losses.

» Approximately 30% of population are
especially “at risk” for foodborne diseases.
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Significant Foodborne Pathogens of Public Health
Concern: Considering DALY and QALY (scatianetal, 2015)

Disability Adjusted Life Year (DALY). Loss
of life and health due to illness compared with
‘perfect’ health

Quality Adjusted Life Year (QALY)
equates to one year in perfect health

* Non-typhoidal Salmonella (329000)
» Toxoplasma (32700)

« Campylobacter (22500)

* Norovirus (9900)

 Listeria monocytogenes (8800)

» Clostridium perfringens (4000)

« Escherichia coli 0157 (1200)

62% bacterial agents; 29% parasitic agents;
9% viral agents

A
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Mild illness (no medical care sought)

Guillain—-Barreé syndrome
(Campylobacter and Salmonella)

Post-infectious irritable bowel
syndrome (Campylobacter and
Salmonella)

Reactive arthritis (Campylobacter
and Salmonella)

Haemolytic uraemic syndrome (E.
coli 0157)

End-stage renal disease (E. coli
0157)

Death



High Pressure Pasteurization

» Elevated hydrostatic pressure, commonly known as High Pressure
Processing, or High Pressure Pasteurization is a non-thermal
procedure that exposes the final packaged food products to
pressures of up to 95,000 PSI*,

* No risk of cross-contamination

* No need to add other preservation methods.

« Gaining rapid adoption across many sectors of the food industry. bitpiwwmnens.c

om.au

«  Currently over 100 products available in market using this technology
(PBI, 2016).

»  This year market of pressure treated products is expected to surpass
$10B (PBI, 2016)

*The pressure of 95,000PSI (650 Megapascal) are over 5,000 times higher that
atmospheric pressure and five times higher that the pressure in deepest part of the
ocgans (Marianas Trench). 2



Objectives

With recent improvements in the commercial feasibility of high
pressure pasteurization units, the technology is gaining rapid
acceptability across various sectors of food manufacturing, thus
requiring extensive validation studies for effective adoption:

(1) Study sensitivity of Salmonella serovars to HPP
(2) Study decontamination Listeria monocytogenes as affected by HPP

(3) Inactivation of wild-type and rifampicin-resistant serovars of Shiga
toxin-producing Escherichia coli



Selection of sample size

0 e

@

g o0 Selected Sample Size for current study

=1

™ 8% e d=0.25

02 |

Y d=0.20

L

o |

T e Hd=0.15

| md=0.10

0 2 4 6 8 10 12 14

Sample Size

Statistical power and sample size calculation at type | error level of 5% (a= 0.05) for various detectable differences (d, log CFU/mL).
Calculations derived from Proc Power command of SAS, , (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:
Recovery of Injured cells

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

Recovery Media
Pressure (Time) TSA+YE TSA+PY TSA+YE+PY Selective®
Salmonella serovars 55k PSI (3 min) 4.40+04A 451%05A 450x04A  <196%05B
Salmonella serovars OKPSI(5min) 7.07£03A 7.13:f03A 706x03A 684103 A
Listeria monocytogenes 55k PSI (5 min) 435203 A 440x04A 436104 A <2.32x0068B
Listeria monocytogenes OKPSI{Smin) 7.02x01A 7.04%0.2A 70902 A 561038

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



Selection of Strains
1. Prospective Study of USDA FSIS
2. Epidemiological Data of CDC

3. Resistant to antimicrobial and thermal interventions outadknan etal, 2012)



Selection of Food Vehicles

CDC Foodborne Outbreak Online Database (publically available since 2015)

CDC FoodNetFast Dataset (publically available since late 2016)

Dc Centers for Disease Control and Prevention | SEARCH | Q
CDC 24/7: Saving Lives, Protecting People™

CDCA-ZINDEX v

Foodborne break Tracking

Reporting

CDC » Foodborne OQutbresk Tracking and Reporting » The Foodborne Outbreak Online Database (FOOD Tool)

Foodborne Outbreak Online Database (FOOD Tool)

]+

Centers for Disease Control and Prevention | SEARCH Q |
y i CDC 24/7: Saving Lives, Protecting Peopla™
‘Search Options: Current Search:
From 1998 v ]
T 2018 v i| Foodborne Diseases Active Surveillance Network (FoodNet)

> Location of Preparation | About FoodNet FoodNet Fast

> Food/Ingredient | Sites n u

> Etiology | g " Surveillance +
These data were last updated 10/10/2017. = £y . e . FoodNet Fast is CDC's interactive online program for getting information on cases of illness reported to
Disclaimer: FOOD Tool was developed by a urveys and Studies

the Foodborne Diseases Active Surveillance Network (FoodNet). FoodNet Fast makes it easy for users to

Dataand Reports - see how rates of illness have changed over the past 20 years for nine pathogens transmitted commonly . FOOdNet

through food: Campylobacter, Cryptosporidium, Cyclospora, Listeria, Salmonella, Shiga toxin-producing

FoodNet Fast Escherichia coli (STEC), Shigella, Vibrio, and Yersinia
2016 Preliminary Data +  Start exploring FoodNet Fast now — or read on for more information to help get you started: Backeround

2015 Annual Report Information, Using FoodNet Fast, Tips and Tricks.




Design and Analysis

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

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

Complete Randomized Block Design

Biologically Independent Biologically Independent
Repetition A Repetition B




Data Management and Statistical Analysis

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:
v’ Tukey adjusted ANOVA for mean separation of samples
(values with different upper case letters are significantly different P<0.05)
v Dunnett’s adjusted ANOVA: Comparing each treatment with control
(values follow by “1” 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*

D-value: decimal reduction time and required at a given condition to kill 90% (or 1 log) of the
exposed microorganisms

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.
Kimax Value: Number of log reductions per unit of time




Pressure Intensities, Reaction Venue, and Monitoring

Hydrostatic pressure:15,000 to 95,000* PSI

(Barocycler Hub440, Pressure BioScience InC., s s s oon s s
SOUth EaSton, MA F T | \ S Pressure Program

) %I BarOCYCIer % ) [512 I:::e Barocycler® v
Temperature Range: 4 to 55 °C ’ Run inished

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

Temperature Monitoring: Thermocouples insides
chamber secured with thermal past, monitored every * i
3 seconds using Barocycler HUB PBI 2.3.11 o 002 g2
SOftwaI’e ? 003 Trigger3

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



High Pressure Processing Unit Specification

Data Processor K-Type Thermocouples T (lPstl.lnlle Tlll?e')
(HUB PBI 2.3.11 Software) (secured with thermal paste) §me : capacity

: :.; Chamber
.. Blockage for
Purging Air

Residue

Stainless Steel
Chamber Stainless Steel

(16 mL capacity) Water Jacket

Pressure Intensifier
(Barocycler Hub440)

Schematic of high pressure processing unit utilized in current study at Public Health Microbiology laboratory, Tennessee State
University. Hydrostatic pressure (Barocycler Hub440, Pressure Bioscience Inc., South Easton, MA, USA) applied ina 16 mL
chamber surrounded by a stainless steel water jacket connected to a circulating water bath (Model refrigerated 1160s, VWR
International, USA) for precise control of temperature. Temperature monitored by two k-type thermocouples (Omega
Engineering Inc., Norwalk, CT, USA) inserted inside the wall of the chamber secured with thermal paste (Model 5 AS5-3.5G,
Arctic Silver, Visalia, CA, USA) and connected to the unit’s software (HUB PBI 2.3.11 Software, Pressure BioScience Inc.,
South Easton, MA, USA). The treatments were conducted in no disk PULSE tubes (Pressure BioScience Inc., South Easton,
MA, USA) containing 1.5 mL of habituated inoculum and the food vehicle.

Allison et al., 2018 &



Obijective 1

Sensitivity of Salmonella serovars to HPP:

Comparison of Salmonella serovars with
mesophilic background flora



Results- Sensitivity of Salmonella serovars to pressure

Treatment: 10 minutes
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Results- Sensitivity of Salmonella serovars to pressure
continued...

Treatment: 8 minutes
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Summary- Sensitivity of Salmonella Serovars

LOG CFU/ML
O L, N WD U O N ®©©

Sensitivity of Salmonella serovars to Elevated Hydrostatic Pressure

1 min
2 min
4 min

: 8 mn

« « « « _' 10 min
Untreated 5 PSI 15 PSI 35 PSI 55 PSI
Control (35 Mpa) (103 Mpa) (241 Mpa) (379MPa)

HYDROSTATIC PRESSURE
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Summary- Sensitivity of Spoilage Organism

Sensitivity of Mesophilic Background Flora to Elevated Hydrostatic
Pressure

1 min
2 min
4 min

8 mn
10 min

Untreated 5PsI 15 PSI 35 PSI 55 PSI
Control (35 Mpa) (103 Mpa) (241 Mpa) (379MPa)

HYDROSTATIC PRESSURE



Inactivation Rate

Eigelow and Esty, 1920t Log-Linear Regression

AR

Geeraerd et al,, 2000: Log-Linear + Shoulder

i

Geeraerd et al,, 2000: Log-Linear + Tail

i

Geeraerd et al,, 2000: Log-Linear + Shoulder + Tail
Mafart et al,, 2002: Weibull

Mafart et al,, 2002: Weibull, Exed p-parameter
Albert and Mafart, 2005: Weibull + Tail

SRR

Coroller et al., 2006: Double Weibull

Cerf, 1977: Biphasic Model

afn' R

Geeraerd et al,, 2005: Bighasic + Shoulder

Selected model with largest R-Square

f 0.9997 0.00033 Mean Sum of Squared Error
kmaxl 3.34 0.38 Root Mean Sum of Squared Error
kmax2 0.41 0.12 R-Square

LOG10{NO) 6.35 0.20 R-5quare adjusted
4D reduction is reached at

Parameters Paramete Standard Error

kmax 0.52 0.09 Mean Sum of Squared Error
LOG10{Ma) 5.76 0.22 Root Mean Sum of Squared Error
R-5quare

R-Square adjusted
Inactivation model identified
N=MNOD * exp(-kmax * t)

For identification purposes reformulated as

Parameters Parameti Standard Error

kmax 0.21 0.08 Mean Sum of Squared Error
LOG10{ND) 6.37 0.20 Root Mean Sum of Squared Error
R-Square

R-Square adjusted

0.2816
0.5307
0.9249

3.4

0.6893
0.8303
0.5257

0.6169
0.7855
0.1604



Inactivation Rate of Salmonella serovars

55k PSI (379 MPa)

D-value (25 °C)=1.19 [min]
Inactivation K,,,,= 2.87 [1/min]
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LOG CFU/ML

LOG CFU/ ML

Inactivation Rate of Salmonella Serovars

45k PSI (310 MPa)

LOG CFU/ML

D-value (25 °C) = 2.21 [min] D-value (25 °C)= 6.84 [min]
Inactivation K, , .= 0.80 [1/min] Inactivation K, = 0.34 [1/min]

4.0 6.0 U 4 X ! 2 23 4.0 5.0
TIME (MINUTES) TIME (MINUTES)

25k PSI (172 MPa)

-
. -

LOGCFU/ML

D-value (25 °C)=21.37 [min] i D-value (25 °C)=17.54 [min]
Inactivation K,,,,= 0.08 [1/min] =i Inactivation K,,,. = 0.13 [1/min]

4.0 5.0 7 % .0 5.
TIME (MINUTES) TIME (MINUTES)



Objective 2

Listeria monocytogenes as affected by HPP:
Synergism of heat and hydrostatic pressure



LOG CFU/ML
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Results- Sensitivity of Listeria monocytogenes and
background microflora to pressure at

Hydrostatic Pressure at 55K PSI Hydrostatic Pressure at 45K PSI
(379 MPa) (310 MPa)
Temperature: 4°C 9 Temperature: 4°C
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Results- Sensitivity of Listeria monocytogenes and
background microflora to pressure at

Hydrostatic Pressure at 55K PSI Hydrostatic Pressure at 45K PSI
(379 MPa) (310 MPa)
Temperature: 25°C 9 Temperature: 25°C
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Background Flora (Non-Selective Counts)  Listeria monocytogenes (Selective Counts) Background Flora (Non-Selective Counts)  Listeria monocytogenes (Selective Counts)
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Results- Sensitivity of Listeria monocytogenes and
background microflora to pressure at

Hydrostatic Pressure at 55K PSI Hydrostatic Pressure at 45K PSI
379 MPa 310 MPa
( ) Temperature: 50°C 9 ( ) Temperature: 50°C
8
7
-
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. - - O 4 b
b S 3 T b b b
T bc ='Z N - T
T cd d 1
B [ T — _____ NS IS 0 — | _____ NI _____ NI NI
Control 3 min 6 min 9 min 12 min Control 3 min 6 min 9 min 12 min
TREATMENT TIME TREATMENT TIME
Background Flora (Non-Selective Counts)  Listeria monocytogenes (Selective Counts) Background Flora (Non-Selective Counts)  Listeria monocytogenes (Selective Counts)

Traditional Time/Temperature combinations for
Pasteurization of Milk:

63°C, 30 min or

72°C, 15 seconds



Log10(N)

Results- Inactivation Rate of Listeria monocytogenes at
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Objective 3

Sensitivity of Shiga toxin-producing Escherichia coli
to elevated hydrostatic pressure:

Inactivation of wild-type and rifampicin-resistant
serovars of Shiga toxin-producing Escherichia coli.
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Results- Sensitivity of Escherichia. coli to pressure

Hydrostatic Pressure at 650 MPa
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Results- Inactivation Rate of Escherichia. coli

o1

LOG CFU/ML
= ) &
o (@) o

o
o

D-value = 3.47 [min]
Kmax 1 = 3.31 [1/min]
kmax 2 = 0.23 [1/min]

3.0 4.0 5.0
TIME (MINUTES)

D-value = 3.71 [min]
Kmax 1 = 4.20 [1/min]
kmax 2 = 0.25 [1/min]

3.0 40 5.0
TIME (MINUTES)

ol 1 o e %
o (=) o (=} o

LOG CFU/ML

w
(]

D-value = 2.97 [min]
Kmax 1 = 23.69 [1/min]
kmax 2 = 0.59 [1/min]

3.0 4.0 5.0
TIME (MINUTES)




Key Takeaways

Mild hydrostatic pressure could achieve in access
of 5 log reduction of bacterial pathogen:s.

Pathogenic bacteria were typically more sensitive
to inactivation freatment that the spoilage
organisms.

Mild Pressure could:

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

Validation studies considering various intrinsic and
extrinsic factors of the product could lead to
optimized and economically feasible utilization of
high pressure processing.
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