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Introduction

• Food safety is everyone’s responsibility

• FSMA has ignited rapid evolution in the food 
industry

• Professional Development Group (PDG) may 
provide recommendations, producer must decide 
whether the specific guidance is appropriate for 
their circumstances
• Guidance based on various industry perspectives from 

four PDG publications

• Focus on US regulated products
• Must adhere to all international, federal, state, and local 

laws and regulations related to your products and 
business



Resources

Microbiological Detection 

Methods – Assuring the 

Right Fit

Alternative Approaches for 

Qualitative Microbiological 

Methods Matrix Additions

Evaluating Microbiological 

Method Equivalence – A 

Decision Guide

Selection of Pathogen 

Strains for Evaluating Rapid 

Pathogen Test Methods 

Applied to New Matrices

https://www.foodprotection.org/files/food-protection-trends/sep-oct-19-bird.pdf
https://www.foodprotection.org/files/food-protection-trends/jan-feb-21-brown.pdf
https://www.foodprotection.org/files/food-protection-trends/may-jun-23-Legan.pdf
https://www.foodprotection.org/files/food-protection-trends/may-jun-22-legan.pdf


Matrix Additions Part 1: Recap

• Verification vs. Validation

• Understand the gap(s) in the scope of validation for rapid pathogen 
detection methods

• Risk assessment for method performance

• Food matrix grouping based on intrinsic properties

• Selecting enrichment conditions for a matrix evaluation study



Rapid Pathogen Detection Methods
• Certified and/or validated qualitative methods readily 

available from test kit providers for significant pathogens

• “Fully validated”= AOAC Official Method of Analysis (OMA)
• Interlaboratory study

• Assay is developed by kit manufacturer

• Nucleic acid-based: PCR, multiplex PCR, real-time PCR, 
nucleic acid sequence-based amplification (NASBA), 
loop-mediated isothermal amplification (LAMP) and 
DNA microarray

• Immunoassays: ELISA and lateral flow



AOAC OMA 
vs. AOAC 

PTM



AOAC Matrix Claim

• Scope of matrices included in the validation 
study & stated in the intended use (applicability 
statement of the method)

• Broad range of foods claim: 15 matrices
from 5 categories
• ISO 16140-2:2016, Annex A

Classification of sample types

• Even with a broad range claim, the specific 
foods tested need to be evaluated

Raw milk and dairy products Fresh produce and fruits

Heat-processed milk and dairy 

products

Processed fruits and vegetables

Raw meat and ready-to-cook meat 

products (except poultry)

Dried cereals, fruits, nuts, seeds 

and vegetables

Read-to-eat, ready-to-reheat meat 

products

Infant formula and infant cereals

Raw poultry and ready-to-cook 

poultry products

Chocolate, bakery products and 

confectionary

Read-to-eat, ready-to-reheat meat 

and poultry products

Multicomponent foods or meal 

components

Eggs and egg products 

(derivatives)

Pet food and animal feed

Raw and ready-to-cook fish and 

seafoods (unprocessed)

Environmental samples (food or 

feed production

Ready-to-eat, ready-to-reheat 

fishery products

Primary production samples (PPS)



Why are matrix evaluations needed?

Tens of thousands of food products on the market

Thorough validation of ALL matrices 
at all test portion sizes is not cost-

efficient or feasible

Alternative evaluation approaches 
are necessary

Kit producer may have an additional library of validated 
matrices 

Example: 85 validated by kit supplier

Scope is limited to the matrices included in the method 
validation study

Example: 10 matrices included in the validation study



Matrix Evaluation/ Extension Study

• Process by which test methods are assessed for 
use with a matrix of interest

• Ensure the method is fit-for-purpose for the end user​

• Food manufacturers and/or third-party labs

• To extend the use of a method to a new food 
or foods not included in the original method validation​

• Larger test portion size



Method Overview

1. Enrichment
• Sample size (test portion)
• Enrichment media 

• Dilution ratio
• Enrichment time and temp

2. Sample preparation (Hands-
on time)

3. Detection method 
(Instrument) 

• Result interpretation

*Each part of the method is important for accurate detection of 
the target analyte



Considerations

• Has the method been validated 
for that product matrix? 

• If not, is the food category/type 
that has been validated close 
enough to your sample type?

• Have the test portion size, 
enrichment dilution and incubation 
time and temp been validated?



Test Portion

The part of the “sample” that is actually 
tested by the laboratory 

Composite test portions

• Lower limit of detection of the method (i.e., 1 CFU per 
25 g versus 1 CFU per 375 g)

• Rigorous evaluation is highly recommended

"Test 375 g”

• Greater the test portion will increase the sensitivity

… but the method has only been validated           
at 25 g

*don’t forget that you need a statistically valid sampling plan!



Sample Enrichment

• Foundation for detection of 
pathogens

Follow protocol as validated
Media, time, temperature, dilution ratio

Example: Reduction in enrichment 
dilution ratio requires validation

375g refrigerated ground beef in 
1.5L of enrichment media

• Delays in enrichment time/temp = Issues 
with recovery

45°C for pre-warm temperature



375g Test Portions

• May not be applicable to all matrices

• Example: spices at 25 g using molecular 
method

• Enriched in 220 mL skim milk + 230 mL 
BPW (450 mL media)

• 375 g sample = scale up 15 times

• 6.75 Liters of Media = almost 2 gallons

• Not cost effective or feasible



Sample Size and Dilution 
Ratio

AOAC TB 2023-001

1. If there is any change in the dilution ratio, 
that change shall be validated

2. If a method has an approved validation with 
a certain test portion size, then the validated 
claim for that method may include portions up 
to that test portion size 

• To claim a test portion size above 
higher than the approved validated 
test portion size, then validation is 
required



Potential Inhibitors

• Antimicrobial constituents
• Example: herbs and spices have 

antimicrobial or bacteriostatic 
properties

• Growth inhibitors

• Example: enzymes and polyphenols

• Molecular inhibitors
• PCR: collagen, humic acid, calcium ions, and 

polyphenolic compounds

• Dilution, neutralization or alternative 
treatment to remove inhibition



Method Modifications

• For example: 

1. New matrix addition, new media 
enrichment/time/temperature

2. New instrumentation

3. Modification to reagents, manufacturing 
locations/process

• May or may not affect the established validated performance 
parameters of the original method

• No “one size fits all” rule or set of rules to govern how 
modifications will be addressed

Some may only necessitate verification

Other modifications may require significant validation data 
to support their use



Fit For Purpose

*Disclaimer: dependent on your geographical location and regulatory body



Not included: ISO 16140-3
• Different regulatory requirements for different agencies depending on your 

geographical location

https://vimeo.com/522329760



*abbreviated studies may save time and money; they do come with added limitations as a result of the reduced scope of the data obtained

Matrix Evaluation/ Extension Study



Strain Selection

• Sourced from the same or similar matrix or is 
commonly isolated from matrix, when possible

• Strain of interest might now be included in the list of 
method developers list of strains from the validation

• For example: outbreak strain not included in inclusivity data- test to 
see if method detects

• Small in-house and commercial labs may not 
have the resources

• Gather, identify and isolate strains or serotypes from 
naturally contaminated samples 

• Ability to maintain large collections

= Utilize commercially available standardized strains

• Rely on the inclusivity data produced during a 
method’s validation and/or accreditation (see 
AOAC certificate)



Spiking Procedures for Minimal/ 
Moderate Matrix Evaluations

Liquid inoculum often used

• Serial dilutions of overnight growth to achieve the 
targeted inoculation level

• Purchase quantified reference cultures

Best practice is to use appropriately stressed cultures 
when possible

• Example 1: dry powders + lyophilized cultures 

• Example 2: ready-to-eat deli meat + heat stressed 
culture

• Example 3: frozen vegetables + heat stressed, then 
frozen culture

• Example 4: perishable items + unstressed culture



Using the Risk-Assessment Tool

• Follow along: link sent in webinar materials

• Tool is accessible through the International Association for Food 
Protection Applied Laboratory Methods Professional Development 
Group homepage: 
https://www.foodprotection.org/upl/downloads/library/matrix-
evaluation-level-assessment-tool.xlsx



Example #1: Salmonella in Hard-Boiled
Eggs

• AOAC-OMA Immunoassay validated for a broad range of foods
• Food category: Eggs and egg products (derivatives)

VS.

Validated matrices

Matrix extension

Method Parameters:
1. Test portion= 25g
2. Enrichment media= BPW
3. Dilution ratio= 1:10
4. Time= 18-24 hours
5. Temp= 35°C 



https://www.foodprotection.org/upl/downloads/library/matrix-evaluation-level-assessment-tool.xlsx

Matrix Evaluation Level Assessment Tool



Fit-For-Purpose Study

https://www.foodprotection.org/upl/downloads/library/matrix-evaluation-level-assessment-tool.xlsx



Fit-For-
Purpose 

Study 
Results



Example #2: L. monocytogenes in 
Vanilla Pudding

• AOAC-OMA LAMP assay validated for queso fresco, vanilla ice 
cream, 4% milk fat cottage cheese, 3% chocolate whole milk

• Food category: Heat-processed milk and dairy products

VS.

Validated matrix Matrix extension

Method Parameters:
1. Test portion= 25g
2. Enrichment media= UVM Broth
3. Dilution ratio= 1:10 
4. Time= 24-28 hours
5. Temp.= 35°C



https://www.foodprotection.org/upl/downloads/library/matrix-evaluation-level-assessment-tool.xlsx

Matrix Evaluation Level Assessment Tool



Example #2: L. monocytogenes in Vanilla Pudding



Example #2: L. monocytogenes in Vanilla Pudding



“Minimal Matrix Evaluation”

• Recommended for a risk assessment score of 2 to 5

• Screen for obvious detection issues 
1-7 spiked test portions and 
0-1 uninoculated samples

• Test portion spiked with < 30 CFU 
of the target analyte

• 7/7 spikes show recovery of the organism

• Matrix spikes yield positive results = verified 
• Uninoculated sample(s) do not have cross-reaction (false positive)



Example #3:
L. monocytogenes
in Strawberry Ice 
Cream

Validated matrix

Matrix extension

VS.

Inclusion= strawberry pieces



Example #3: L. monocytogenes in Strawberry Ice Cream



“Moderate Matrix Evaluation”

• Recommended for a risk assessment 
score of 6 to 12 
• 2 high-level 2-10 CFU/test portion

• 10 low-level (fractional) 0.2-2 CFU/test 
portion

• 2 uninoculated test portions

• Paired results align with cultural 
confirmation

• No false positive or false negative results



Example #4: E. coli O157:H7 in Flour
• Real-Time PCR Method AOAC PTM validated for: Raw beef products, 

raw milk, spinach and lettuce

RISKS:

Food Category not validated 

Fresh produce and fruits Dried cereals, fruits, nuts, 

seeds and vegetables

Matrix associated with O157 outbreaks

VS.



Example #4: E. coli O157:H7 in Flour



Example #4: E. coli O157:H7 in Flour



“Full Matrix Validation”

• Recommended for a risk assessment score of 13+ using the Matrix 
Evaluation Level Assessment Tool

• Will be covered in Part 3

• Define the appropriate method protocol for the new matrix

• Parameters based on AOAC Appendix J- 4.1.3 Matrix Study
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Questions
Submit questions into the chat



Amanda Brookhouser-Sisney abrookhouser-sisney@midwestlabs.com

Nisha Corrigan                             ncorrigan@hygiena.com

Jaya Sundaram                             JSundaram@wtiinc.com



Upcoming Webinars

December 13, 2023, 11:00 AM  Building a Culture – The Tools and Tips You Need to Succeed

December 14, 2023, 9:00 AM   Impact of Water Use and Reuse in Food Production and Processing on                                                           
Food Safety at the Consumer Phase: Focus on the Fresh Fruit and 
Vegetable Products Sector

https://www.foodprotection.org/events-meetings/webinars/       
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