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Dr. Lihan Huang

Research Leader of the Residue
Chemistry and Predictive
Microbiology Research Unit at the
Eastern Regional Research
Center (ERRC) of the USDA.

Dr. Huang has earned a Ph.D. Dregree in Food
Science and Technology and is currently the
Research Leader of the Residue Chemistry and
Predictive Microbiology Research Unit at ERRC.

Prior to joining ERRC, Dr. Huang worked in the
Research and Development Department of
Campbell Soup Company and conducted research
on thermal processing of low-acid foods in semi-
rigid containers and aseptic processing of foods
containing solid particulate.

He is the developer of the USDA Integrated
Pathogen Modeling Program (IPMP-2013) and a
new product called IPMP-Global Fit. He also
serves as a Lead Scientist of a project.

Dr. Huang is a member of the International
Association for Food Protection



USDA Integrated Pathogen Modeling Program

A platform for easy and accurate data analysis in
predictive modeling

Lihan Huang, Ph.D.
Research Leader
Residue Chemistry and Predictive Microbiology Research Unit
Eastern Regional Research Center
USDA Agricultural Research Service
Wyndmoor, PA



USDA Integrated Pathogen
Modeling Program (IPMP)

What is it? Google it.

Jan 12, 2017 - The USDA Integrated Pathogen Modeling Program (IPMP 2013). INTRODUCTION
What is IPMP 20137 IPMP 2013 is a new generation

A suite of data analysis tools that contains 20+ most frequently
used models
* Intelligent, interactive data analysis and model development

* \ery easy-to-use graphical-user interfaces to guide every step
e Standardized data analysis and interpretation



Website to download

IPMP is located in a secured USDA website

https://www.ars.usda.gov/northeast-area/wyndmoor-pa/eastern-regional-
research-center/docs/ipmp-2013/

A tutorial
Download Instructions

Compiled software (zipped file)
— Windows 32 or 64 bit, Vista to Windows 10



Primary and secondary models

* Primary model (time)
— Isothermal curves (growth and survival)
— Growth rate and lag time
— D value

e Secondary model (temperature)
— Effect of temperature on growth rate and lag time
— Effect of temperature on D values (z value)



Predictive Microbiology as An Inverse Problem

y = f(x, a, b)

X is the independent variable

v is the dependent variable

a and b are coefficients

We know x and y, but do not know a and b

We will find a way to identify a and b from x
andy

This is an inverse problem



Predictive Microbiology as A Forward Problem

y = f(x, a, b)

X is the independent variable

vy is the dependent variable

a and b are coefficients

We know a and b

We want to know how y changes with x
This is a forward problem



The Traditional Approach:
a 3-step process

Step 1 — Primary model Step 2 — Secondary model
Data collection Data analysis
Isothermal 1 Hq
Isothermal 2 Ha
Hi
Isothermal 3
Isothermal i Hi
Isothermal n

— — Inverse problem —

Step 3 - Predictions

Predictions y = f(t)

Forward problem



Primary Models for Growth

A Maximum cell density
Isothermal growth curves £ &
3
 Gompertz model é ©
* Baranyi model °° ,
Lag time S
 Huang model time

* Buchanan 3-phase (trilinear) model

We are interested in answering 3 questions from a
growth curve

1. How long is the lag phase?
2. How fast can a microorganism grow?
3. What is the maximum cell density?



Primary Models for Survival (Inactivation)

A

e Linear model
e Weibull model
 Gompertz model

Bacterial counts

time

We are interested in answering 1 question from a
survival curve

How fast does a microorganism die off?



Secondary Models

 What is the relationship between rate and
temperature?

* What are the minimum, optimum, and
maximum growth temperatures?



Techniques for Data Analysis

* Linear regression
* Nonlinear regression
* Typical inverse problems



Commercial and Free Data Analysis

and Statistical/Math Tools

§sas

IBM Software : Business Analytics > SPSS

SPSS software

Predictive analytics software and solutions

jﬁ’p Statistical Discovery From SAS.

JMP Software Using JMP News and Events Resourct
Clustering 4 groups
o e & ‘\ Mat}morks‘ Accelersting the psce of engineenng ang
—i _rrrEZ . :
2 o4 onouong T —t— ::Fl‘:i_ Products & Services Solutions Academia Support
| R = 1 .
%'_'“ wo . = em a m o |[° Products & Services MATLAB
st ot

MATLAB

The Language of Technical Computing


http://www.r-project.org/misc/acpclust.R

Commercial Data Analysis and
Statistical/Math Tools

Very powerful
Product-specific programming
Not so user-friendly

Training and learning

Most are very expensive
Difficult to learn and use



Some mysteries of predictive modeling

* Math is too hard
don’t know which model to choose
don’t know which model is better
* | don’t have a program to do it
don’t know how to program

Article  Talk

Mathematical anxiety

From Wikipedia, the free encyclopedia




Specific to Nonlinear Regression

* |nitial guess values

* |Improper initial guess values may not help in
finding solutions (convergence)

e Graphical visualization helps finding suitable
initial guess values



USDA - IPMP

Based on a modern object-oriented computing
language

Advanced scientific computing libraries
Modern graphical-user interface

20+ mathematical models

Accuracy identical or equivalent to SAS and R



IPMP User Interface

Exit Menu bar Tool bar

About IPMP
USDA Integrated Predictive Mo-zing Program Tools

Data Window # X Plot Window

Data Input Data Output Chart title

¥-data y-data %-dlata y-data  *| e time (i) yAite:  Ln chug

1

Plot window

2
Data entry and output
3

Data window

Model window

| Submit raw data Clear data

Model Window

Reduced Growth Models Full Growth Models Update plot ttles Save plot Print plot

Report Window

Results of Data Analysis

Gammsrts Mo
Lomperiz Mode

S Moces seantarymocs Tpeatrees.  USDA Integrated Predictive Modeling Program Tools

Linear Mode Ratkawsky mode Developed by Dr, Lihan Huang, USDA Agricultural Research Service

Report window

Save report Print report




A _ 1\ Exponential + stationary growth phases

A Effect of temperature on growth rate
Survival curves

- T TN

Temp

Survival Models Secondary models - Temperature effect
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Fine-tuning capability

§ X Plot Window

Data Output Chart title

x-data y-data x-data y-data wtitle:  time (fr)

Pop up window
10

y-titte:  Lncfufg

Click to adjust Ehe spin box

H'FFF

-~

.| Set initial values \LM‘
mu_max /

2.50000 =

U\ ' Raw data

Submit Model \y\

Preliminary curve
Slide to adjust parameter

3 4 5
odel Window time (hr)

Update plot titles Save plot

Submit raw data Clear data

| Reduced Growth Models Full Growth Models Print plot

@ MNoLag Phase Huang Model
Repart Window
Reduced Huang Madel Baranyi Model

Results of Data Analysis
Reduced Baranyi Model Gompertz Model g

&
Survival Models Secondary models - Temperature effect

Linear Model Ratkowsky model
Gompertz Model Huang rate model
Weibull Model Cardinal model

Arrhenius-type model

Save report Printreport % 11 of 24 - Clipboard
Item not Collected: Delet




ISDA Integrated Predictive Modeling Pregram Tools

IPMP 2013 Data Analysis

& X Plot Window

Data Qutput

Chart title

x-data y-data

u-data

x-tite:  time (hr)

B Set initial values

D i |

mu_max

1,00600

1

Submit Model

Submit raw data

Clear data

| Window

Reduced Growth Models
Mo Lag Phase

Reduced Huang Model
Reduced Baranyi Model

Survival Models
Linear Model
Gompertz Model
Weibull Model

Full Growth Models
Huang Model
Baranyi Model

Gompertz Model

Secondary models - Temperature effect
Ratkowsky model

Huang rate model

Cardinal model

Arrhenius-type model

10

y-tite:  Ln cfufg

Fine-tuned parameter

Update plot titles

4
time (hr)

Save plot

Print plot

Report Window

Results of Data Analysis

Sawe report

Print report

[} 12 of 24 - Clipboard



Report Generation

Report of Data Analysis - Mo Lag Phase Growth Model
Data regression successful

degree of freedom 7 / Sum of squared errors
S5E 0.216
~ MSE 0.031 «————— Mean squared errors

RMSE 0.17% <«<——
e ctdey D147 Root mean squared errors

AIC (the smaller the better) 22351 < Akaike criterion
0 . .
critical tvalue  2.36462 Lower and upper 95/;C0n%jence intervals

Error analysis

Parameters

\ Parameters Yalue Std-Error t-value p-value L95CI 1J95CI
¥l 2.901 0.123 23.671 &.102E-08 2.611 3.191

Yiax 10..295 0.1560 04,518 3.640E-11 9.917 10.672

mumax 1.064 0.038 28,062 1.875E-08 0.975 1.154

Predicted value

Raw data data output report \
X v Pred L95MCI L95MCI L95PCI U95PCI
.00 3.00 2.90 2,61 3.19 2,39 3.41
1.00 4.00 3.96 3.74 4.19 3.99 4.44
2,00 5.00 5.03 4.85 5.20 4,57 2.493
3.00 .00 6,03 5,21 6,25 .63 6.53
4.00 .00 712 5.92 731 0.66 57
5.00 3.00 3.10 7.88 8.33 763 3.08
.00 2,00 2,93 28,75 2,19 a.51 2,44
.00 10.00 9.63 9.44 9.82 9.17 10,09
2.00 10.00 10.01 Q.77 10,25 9,53 10,49
.00 10.00 10.19 9.88 10.50 9.67 10,71

Lower and upper 95% confidence intervals for the expected value 'mean)

Lower and upper 95% confidence intervals for individual prediction




Exponential growth and stationary phase

22
20 -
18 -
16 -
14 A
12 A
10 A

>

In cfu/g

8
6
4
2

t (h)

Cronobacter sakazakii in reconstituted infant formula



Lag phase and exponential growth

20

t (h)

© raw data Huang = =Baranyi
Listeria monocytogenes in beef frankfurters



Lag phase, exponential growth, and stationary phase
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¢ raw data Huang = -Baranyi == Gompertz

E. coli O157:H7 in beef



bacterial coutns, log cfu/g

Survival curves

4 -
3 -
2 1 1 1 1 1
0 100 200 300 400 500
t(s)
© rawdata =—Linear Gompertz = Weibull

L. monocytogenes in ground beef

510[0



Squgqare root of pn__, (h1/2)

Temperature effect — Square-root Models

1.40
1.20
1.00
0.80
0.60
0.40

0.20

0.00
0 5 10 15 20 25 30 35 40 45 50 55

T(°C)
© raw data Ratkowsky e===Huang

Cronobacter sakazakii in reconstituted infant formula



Cardinal model/Arrhenius-type model

l'l'max (h-l)

1.8
1.6
1.4
1.2

1
0.8
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0

5 10 15 20 25 30 35 40
T(°C)

© raw data = =Cardinal Arrhenius-type

Cronobacter sakazakii in reconstituted infant formula
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Performance of IPMP

Comparison with Standard Statistical Packages




Comparison with Standard Statistical Packages
Huang Model

Results from R Results from TPMP-2013

Parameters

Estimate

Std. Em.

t-value

Pr(=1t))

Estimate

Std. Em.

tvalue

Pr(=[t])

L95CI

Yo
Yo
Lmax
I

8.93
19.57
0.518

247

0.220
0.296
0.028

0.685

40.35
66.03
18.74

3.61

249E-13
1.19E-15
1.08E-09

4 08E-03

8.93
19.57
0518

247

0.220
0.296
0.028

0.685

40.55
66.03
18.74

3.61

249E-13
1.19E-15
1.08E-09

4.08E-03

845
18.92
0457
0.966

Baranyi-Model

Parameters

Resultsfrom R

Results-from TPMP-2013

Estimate

Std. Emr,

t-value

Pr(=It)

Estimate

Std. Err.

tvalue

Przit)

§.82
19.54
0.543
1.58

0.245
0.298
0.037
0.614

35.98
63.33
14.75
2.57

9.21E-13
1.30E-15
1.36E-08
261E-02

§.82
19.54
0.543
1.58

0.245
0.298
0.037
0.614

35.98
63.33
14.75
257

9.21E-13
1.30E-15
1.36E-08
2.61E-02

Re-parametenized Gompertz-Model

Parameters

Results-from R

Results-from TPMP-2013

Estimate

Std. Emr.

t-value

PH)

Estimate

Std. Emr.

tvalue

PCl)

L95CIT

Yo
Ymax
Lmax
A

8.77
2031
0.614
3.50

0.404
0.617
0.061
1.342

21.72
32.93
10.03
262

2.21E-10
24E-12
T.18E-07
245E-02

8.71
2031
0.614
3.50

0.404
0.617
0.061
1342

21.72
32.93
10.03
262

2.21E-10
242E-12
T.18E-07
245E-02

7.68

18.95
0479
0.342




IPMP for Data Analysis

Simple data entry
Choose models that suit your data

Use graphical interfaces to adjust parameters for
faster (almost guaranteed) convergence

All data analysis and calculation are done behind
the scene

Fast and accurate
Compare different models for the same set of data

IPMP has significantly lowered the bar for those
who want to work on predictive modeling



Thank you!

Lihan.Huang@ars.usda.gov



Antonio Valero Diaz

University of Cordoba
Department of Food Science and
Technology

Prof. Antonio Valero has more than 10 years
experienced managing projects, training courses,
academic teaching and events in food and related
sectors. Including national and international
research projects related to predictive modeling
and risk assessment.

Prof. Valero has participated in collaborative works
with EFSA and has published over 70 peer-
reviewed papers and book chapters. He has
presented more than 80 communications in
different congresses and symposia.

Prof. Valero is a member if the International
Association for Food Protection.
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Contents

Software features:
Literature review and models development

Predictive models:
Growth /inactivation
Models validation

Optimization of sampling plans:
Attributes / concentration-based
Specific sampling plans

Derivation of Microbiological Criteria
Case studies

Conclusions

Questions




Software features

- Free access online platform e BASELINE
- @Graphical user-interface: | 7

— Tables

— Graph S RS

- Flexibility: new models can be incorporated
- Comparison and Scenario Analysis studies

Free registration is available at www.baselineapp.com
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Software features

The software tool allows:

1.Predict growth and inactivation of different microorganisms in

different food matrices.

2.Design and apply Sampling plans in different food categories.

Models
Module
75 predictive +
models
implemented

Sampling
Plans
Module

help user to design efficient
statistical sampling plans

smallest number of samples
necessary

while providing the largest
confidence possible to detect
a non-conforming lot



Literature review and models development

Model types: Ln(—Qpe) = g + a4(1/T) + ay(1/pH) + as(1/b,,)
H eﬁmax‘&(” — ]
Primary models: In(N(t)) = In(Ng) + tmaxAf) —In| 1+ i
Growth
Gompertz VHmax = b(T—Tin) /Gy — Ay min '\/1 —10PHmin —PH,

Baranyi and Roberts (1994)
Three linear phase model

Inactivation . -
Lineal Model Integration of the mathematical
Weibull models into easy to use software tools
Secondary models - . . |
Ratkowsky type e N

Polynomial

Olin Prediction

@g-\'l\mmn ( OPTIMUMQUALIT
e

CORDOBA = quality & innovation consultants
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Literature review and models development

1. Identification of food matrices

Plant products Meat products

%BASEUNE E —z_ dkfz, & @mm Ll

e quality & innovation consultants
ron EUROPLAN COMMIBION




Literature review and models development

2. Identification of pathogens

Vibrio parahaemolyticus
Listeria monocytogenes
VTEC

Campylobacter
Salmonella

UNIVERSIDAD A LIT Y

"
o LUBOPEAN COMMIBION




Cl. botulinum

Sahnone“a~.::::::

Most Bacteria ——_ 0.9

Most Yeasts —

Staphylococcus —
Most Molds
Intermediate

Moisture
Foods

0.8

Halophilic Bacteria

0.7

Extreme Osmophiles

e.g. some molds T (0.6
and yeasts
Dehydrated
Foods
Microbial
Growth :
Minima We_m?r
Activity

JUBASELINE

woneis  DUBOPLAN COMMIBION

Literature review and models development

Minimum Water Activity for the Growth

of Some Microorganisms
1.0

Fresh Vegetables, Fruits, Meats
Poultry, Fish, Milk

Liverwurst
Cured Meats e.g. Ham
Certain Cheeses e.g. Swiss, Meunster

Salami, Some Dry Cheeses,
Sugar Syrups

Flour, Cakes, Rice
Beans, Cereals
Sweetened, Condensed Milk
Salt-Preserved Foods
Jams Pepperoni
Honey Marshmallows

Rolled Oats

Dried Fruits
Caramels

Water Activity Ranges of

Some Foods

CERMAN
CANCER RESEARCH CENTER

dk l z. N THE MELMMOLTZ ASSOCIATION

e - e,
.

3. Identification of specific environmental conditions

pH Hirh Acidity Foods Process Required
3.0 lemons Boiling Tater Bath
pickles or
Fressure Canning
rangEs { Shorter Times)
Boidity prevents
botulinum spores
from germinating
pEars
4.0
tomatoes®
4.6
pH Low Acidity Foods Process Required
5.0 carrots Fressure Canming Only
[Longer Times)
beans Figher heat kills
potatoes botulinom spores
most meats
6.0 lima beans
' chicken
peas
COrT
clams, crabmeat
7.0

hominy, shrimp

®* T5DA recommends addition of acid to tomatoes
to ensure proper acidity (pH below 4.6

UNIVERSIDAD
b
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Literature review and models development

4. Literature review of available predictive models

International journal of Food Microbiology 141 (2010) 137-150 N . R .
Available online at www.sciencedirect.com —
Innovative
Contents lists available at ScienceDirect SCIENCE @ DIRECT® ls‘;‘-'“d Science
Emerging
Technologies

International Journal of Food Microbiology

vative Food Science and Emerging Technologies 7 (2006) 152159 —_—
www.elsevier com/locate/ifset

journal homepage: www.elsevier.com/locate/ijfoodmicro

dictive models of growth of microorganisms in salted

Predlctlr}g growt.h rqtes and groyvth boundary of Listeria monocytogenes — An and cured meat products
international validation study with focus on processed and ready-to-eat meat
and seafood

Ole Mejlholm *, Annemarie Gunvig ®, Claus Borggaard ®, Jesper Blom-Hanssen °, Lyndal Mellefont ¢,

atarzyna Kajak *, Danuta Kotozyn-Krajewska

University — SGGW, Faculty of Human Nutrition and Consumer Sciences, Warsaw, Poland

Tom Ross ¢, Francoise Leroi ¢, Tony Else ©, Diana Visser ¢, Paw Dalgaard ** Received 11 August 2004; accepied 22 September 2005
2 Seafood and Predictive Microbiology, Division of Seafood Research, National Food Institute (DTU Food), Technical University of Denmark, Saltofts Plads, Building 221, DK-2800,
Kgs. Lynghy, Denmark . .

Food Microbiology

¥ Danish Meat Research Institute (DMRI), Roskilde, Denmark

© Tasmanian Institure of Agricultural Research (TIAR), University of Tasmania, Hobart, Tasmania, Australia

4 Départment des Sciences et Techniques Alimentaires Marines, lfremer, Nantes, France

* PURAC biochem by, Gorinchem, The Netherlands
Extreme Heat Resistance of Food Borne Pathogens
Campylobacter jejuni, Escherichia coli, and Salmonella

typhimurium on Chicken Breast Fillet during Cooking eling the pulsed light inactivation of microorganisms naturally occurring on
table substrates

journal homepage: www.elsevier.com/locate/fm

Aarieke E.L de Jong,"? Esther D. van Asselt,"* Marcel H. Zwietering,*

Maarten J. Nauta,"* and Rob de Jonge' na qul.llel', Vicente M. GOI“EZ*LODEZ*

! Laboratory for Zoonoses and Environmental Microbiology, National Institute for Public Health and the Environment (RIVM), {e Ciencia y Tecnologia de Alimentos, Facultad de Ciencias, Universidad Central de Venezuela, Apartodo Postal 47097, Caracas 1041A, Venezuela
3720 BA Bilthoven, The Netherlands

? Division Consumer and Saf
*Rikilt, Institute of Food Safety, 67
¢ Laboratory of Food Microbiology, Wageningen Uni
National Food Institute, Technical University of Denmark, 1790 Copenhagen V, Denmark

versity, 6700 EV Wageningen, The Netherlands
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Literature review and models development

4. Literature review of available predictive models

Electronic library catalogues:
ScienceDirect

Wiley online library

Pubmed

Springer

Revicien

Academic google

Grey literature

More than 100 scientific references meeting the proposed requirements
were analyzed.
Selection criteria were previously defined.

A CANCER RESEARCH CENTER
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Literature review and models development

5. Implementation of selected predictive models in the software

Growth Model

References Duffy et al., 1994
. Initial Density 1

Primary Model Baranyi & Roberts, 1994 |~
Y ) Secondary Model Quadratic Equation

Microorganism . .
Listeria monocytogene: ~

Growth Rate ‘Jg'
¥
Food

Cooked meat -with nitr = Maximum Density

Detail

To highlight text...
_talic: <iztext</i=
__bold: <b=text</b=

__underline: <ustext</u> f(x) =
Extra Information

Functions Generator L

CTE('c0',-0.37830)+
(cTeE(C'Cl',0.10217)*[pH])+
0t 58 13 s T
; Pow H]-
CTE('pKa',3.37)),lO)§))+

(cTE('C3',-0.013513)* .

@™ Back FTmulsrrnann?2Ts01NnNN /R0 13

B @

Time Unit

Time Max

4
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Predictive models: growth/inactivation

6. Performance and visualization of predictive models

%BASH.INE

H| 7

File Models Sampling Plans Help Advanced Optimum Quality 2l
List Data - Plot Data = Growth Models
Time ’ e ~
M 1
point Time log log log = 501 0.0 =J|E 4 | J (&
(h) cfu  cfu cfu ‘ ® Food O Microorganism
u] 0.00 1.00 1.00 100 1.27 -
1 501 |ioo 102 100 238 — . . — 4[4 seafood
2 10.02 |2.06 1.06 1.00 4.13 __— — 20 i- [C]B Oyster
3 13.03 | 313 1.12 1.00 5.82 E
4 2004 |420 120 100 7.03 5 V3 - /83 smaked salman
5 2505|527 1.21 100 7.77 o ¥2 (1) — v 4w 4% Eggs and Egg products
6 3006 |6.34 1.46 1.00 8.18 Paints :=_',- s.a x= 8016, v =452 4 W[JEgg shell
7 3507 |7.41 166 1.00 S5.41 100 5 I
g 4008 |847 100 100 253 o Wi Saimonedia sop
9 4509 |950 220 1.00 859 k- 4 w|(JEgg valk B
10 50,10 |9.50 2.52 1.00 8.52 2.5 - W 4% Salmonetia sop
12 801z |950 327 Lo0 565 # I Mk and dairy
13 65.1% |9.50 3.67 1.00 8.66 : B 4 ¥|(JPasteurized milk
14 70.14 |9.50 4.08 1.00 2.66 0.0 i P P E. Listaria monocytogenas
15 7515 | 9.50 450 1.00 8.66 ) - WA Listeriz monocytogenes
16  80.16 | 950 4.92 1.00 S5.66 Time (hours) - 103 skim milk
17 85.17 |9.590 5.34 1.00 B2.60 | & Mast . 3
. —— — [ _—d - RAT REAaNers
% 4 %
Info Models =
Ea
Code Food Primary Model Secondary Model Microorganism MNrnax Hmiax Lag Nt Time Actions i
g Eqgg shell Linear Maodel Palinomial Satmonellz spo 0,5000 02133 S5.0414 7.4000 OFL0o |
=] Fasteurized milk  Baranyi & Roberts, 1994 Ratkowsky Listeriz monocytogenes  8.7500 0,0374 352934 31.1290 0’0@ |
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Models validation
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Models validation
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SAMPLING PLAN MODULE

:

]

GENERIC MODULE

PRACTICAL EXAMPLES

SPECIFIC SAMPLING PLANS

TOOLS

Presence/ Concentration-
absence based sampling
sampling plans plans

=

|

Deriving an MC from a PO that is set
as quantitative limit to the microbial
concentration

Deriving an MC from a PO that is set
as the limit to the microbial
prevalence

—
V4 L
Two-class and
three class
v
Binomial \/
Poisson
Lognormal
Negative
Binomial Poisson-log
normal

Deriving an MC from an FSO for a
product supporting growth of the
pathogen between PO and FSO
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Optimization of sampling plans

- @Generic module:

- Attributes: Binomial, Poisson, Negative Binomial, Trinomial distributions
- Concentration-based: Log Normal, Poisson-log normal distributions

%BASFI,[NE n 1

File Models Sampling Plans Help Advanced Optimum Quality 5l
ATTRIBUTES SAMPLING PLANS WARIABLES SAMPLING PLANS Generlc MOdUIe
—Distribution —Inputs

2® 3O dlass counts Log Marmal v mean 2 [log cfu/g  standard deviation 1.2 |log cfufg calculate
Poizson Log Normal m 1 | log cfufg n 4 |samples ¢ 1 | samples

“ariable sampling plans are applied when frequency distributions of microorganisms are known, which assume that the measurements made on a series of samples follow a normal
distribution with approximately 95% of all test values within +/-2 standard deviations from the mean.
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Case studies

Derivation of Microbiological Criteria from established Performance Objectives

Case 1. Aplication of a PO / MC for concentration-based sampling plans

Smoked salmon contamination by L. monocytogenes.

Initial contamination of the product just after packaging: 1.5 log cfu/g
Storage conditions: 96 hat4° C

Product formulation: 2ppm phenol + 3% salt

PO = P (log cfu/g >3 ) < 5 % of the samples comprising the lot

Which MC should be applied in order to comply with the selected PO?
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Case studies
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Case studies

L. monocytogenes is able to grow up to 1.94 log cfu/g at the end of storage
We consider a standard deviation of the lot = 0.8 log cfu/g (solid food contamination
assumed)

Distribution of L. monocytogenes ~ lognormal (1.94, 0.8)

PO =P (log cfu/g >3 ) < 5 % of the samples comprising the lot
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Case studies
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Case studies
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Case studies

Cumulative Density
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Cumulative Density
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Case studies

Derivation of Microbiological Criteria from established Performance Objectives

Case 2. Decision support tools for derivation of MC in foods.
Application to Escherichia coli 0157:H7 in leafy greens

* Knowledge of expected prevalence /concentration in the studied food product
* Processing conditions

* Expected behaviour throughout the production chain

* Expected consumer handling and storage




Case studies

Is the expected prevalence of the pathogen considered high in the raw material and/or intermediate
food products? NO 6

Is the pathogen normally present in the raw material and/or intermediate food products at low levels,
i.e. less than 10 cfu/g or ml? YES 6

Could cross-contamination or recontamination occur during handling and processing? YES 6

Can the pathogen grow/survive during storage up to consumption level? YES 6

4 |s it possible to apply a bactericidal treatment at consumption level that produces non significant risk?

vES - @

» GROUP 1: Very low concentration (< 1cfu/g) non detectable by conventional analytical methods (quantitative) | Go |

@P 2: Low concentration (< 10 cfu/g) detectable but not countable (which would be representing censnrsd@




QUALITATIVE

Case studies

Assumed mean concentration = 1 cell/100g = - 2 log,, cfu/g
Standard deviation = 0.8 log,, cfu/g

Poisson-log normal distribution (-2; 0.8) log,, cfu/g
Non detectable levels by conventional techniques

SAMPLING PLANS CONCENTRATION-BASED SAMPLING PLANS Generlc MOdU'E

Distribution

2 ® 3 O class counts Poisson Log Nori ~ mean -2 log cfu/g standard deviation 0.8 | log cfu/g

—Inputs

m  -1.398 log cfu/g n g samples ¢ 0

samples weight 25 |v|g

Variable sampling plans are applied when frequency distributions of microorganisms are known, which assume that the measurements made on a series of

samples follow

a normal distribution with approximately 95% of all test values within +/-2 standard deviations from the mean.
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Case studies

QuauTaTive SAMPLING PLans CONCENTRATION-BASED SAMPLING PLans Generlc MOdU|e
————Distribution——— —Inputs
2{® 3 () class counts Poisson Log Nao | $ mean -2 |log cfu/g  standard deviation 0.8 | log cfu/g Calculate
m log cfu/g n 8 |samples ¢ samples weight| 25 3 g

Variable sampling plans are applied when frequency distributions of microorganisms are known, which assume that the measurements made on a series of samples follow a normal distribution with
approximately 95% of all test values within +/-2 standard deviations from the mean
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Sampling Plan Report
Example Il

Deriving a Microbiclogical criteria from a Perfformance Objective that is set as a concentration value of the pathogen

Setting the PO: "the maximum frequency and / or concentration of 3 hazard in a food at 3 specified step in the food chain before consumplion that
provides or contributes to an Food Safefy Objective or an Appropriate Level OF Protection, az applicable”

Input Data

» Maximum allowable concentration that should not be exceeded: 3 log cfulg

» Maximum allowable percentage of units in the lot below the targeted concentration. 35 % [0 - 82.949]
» Mean comesponding to the concentration of the pathogen in the lot 1.5 log ofuig

» Standard Deviation comesponding to the concentration of the pathogen in the lot: 0.8 [D - 3]

Results Sampling Plan Data

» Percentage of units below targeted concentration (PO): 96.960 % » m, microbiological limit log ofulg: 2 leg cfu'g
» 0, number of units comprising the sample to be taken: 10 samples
Resulting probabilities of having a negative sample at different values of n - » ¢, allowable number of sample units giving values below m: 0 samples
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.‘-_n 1.00 :-_l: | .00
3 3
[ E
8 -
g 2
& pro & przo
000 .00
a 5 0 a 3 0
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Specific sampling plans
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Conclusions

The Baseline software tool:

- predicts microbial behavior of different pathogens and food matrices
with validated models

- makes possible the addition of new models as well as data are being
gathered

- provides an easy derivation of Microbiological Criteria and Sampling
plans from previously established risk-based metrics

- offers a tools menu to perform scenario analyses

- includes decision-support system to help non experienced users to
choose the suitable option
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