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The Official Methods of Analysis
SM

 (OMA) program is AOAC INTERNATIONAL's premier methods 

program. The program evaluates chemistry, microbiology, and molecular biology methods. It also 

evaluates traditional benchtop methods, instrumental methods, and proprietary, commercial, and/or 

alternative methods. In 2011, AOAC augmented the Official Methods
SM

 program by including an 

approach to First Action Official Methods
SM

 status that relies on gathering the experts to develop 

voluntary consensus standards, followed by collective expert judgment of methods using the adopted 

standards. 

The OMA program has undergone a series of transitions in support of AOAC's collaborations, evolving 

technology, and evolving technical requirements. Methods approved in this program have undergone 

rigorous scientific and systematic scrutiny such that analytical results by methods in the Official Methods 

of Analysis of AOAC INTERNATIONAL are deemed to be highly credible and defensible. 

On September 7, 2012, AOAC INTERNATIONAL further clarified the AOAC Official Methods
SM

 program by 

transitioning the conformity assessment component of the Official Methods
SM

 program into the AOAC 

Research Institute. The AOAC Research Institute now administers the AOAC Official Methods
SM

 program 

for all proprietary, single and sole source methods.  Methods submitted through the PTM-OMA 

harmonized process also will be reviewed through the AOAC Research Institute.  All methods in the 

AOAC Official Methods
SM

 program are now reviewed by Expert Review Panels for First Action AOAC 

Official Methods of Analysis
SM

 status.  

EXPERT REVIEW PANEL (ERP) 

The AOAC Expert Review Panels (ERPs) are a key part of AOAC INTERNATIONAL’s Method Approval 

Process. AOAC ERPs are authorized to adopt candidate methods as First Action Official Methods and to 

recommend adoption of these methods to Final Action Official Methods status. Scientists are recruited 

to serve on ERPs in a variety of ways. Normally, a call for experts is published at the same time as a call 

for methods is posted.  Interested scientists are invited to submit their curriculum vitae (CV) for 

consideration.  Advisory panel, stakeholder panel, and working group members may make 

recommendations to AOAC for ERP members. All CVs are reviewed and evaluated for expertise by the 

AOAC Chief Scientific Officer (CSO) and then to the AOAC Official Methods Board for formal review. The 

composition of the ERP must be fulfilled with qualified subject matter experts representing various 

perspectives.  Please refer to our Call for Experts on the AOAC homepage for further information.  

AOAC INTERNATIONAL 

2275 Research Blvd, Suite 300 

Rockville, Maryland 20850 

Phone: (301) 924-7077
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AOAC ANNUAL MEETING & EXPOSITION 

Sheraton Dallas Hotel 
400 N. Olive Street, Dallas, TX 75201 USA 

 
Tuesday, September 20, 2016 

Meeting Room: State 4 
8:30AM – 12:00PM 

 
MEETING AGENDA 

 
Expert Review Panel Co-Chairs: Wendy McMahon, Silliker, Inc. and Michael Brodsky, Brodsky Consultants 

 
 

I. Welcome and Introductions 
Expert Review Panel Co-Chairs  
 

II. Review of AOAC Volunteer Policies & Expert Review Panel Process Overview and Guidelines 
Deborah McKenzie, Senior Director, Standards Development and Method Approval Processes, AOAC 
INTERNATIONAL and AOAC Research Institute  

 
III. Discuss Final Action Requirements for First Action Official Methods (if applicable) 

ERP will discuss, review and track First Action methods for 2 years after adoption, review any additional 
information (i.e., additional collaborative study data, proficiency testing, and other feedback) and make 
recommendations to the Official Methods Board regarding Final Action status. 
 

1) 2014.01 Salmonella in Selected Foods, 3M™ Petrifilm™ Salmonella Express System 
2) 2014.05 Enumeration of Yeast and Mold in Food, 3M™ Petrifilm™ Rapid Yeast and Mold Count 

Plate 
3) 2014.06* Listeria species in Selected Foods and Environmental Surfaces, 3M™ Molecular 

Detection Assay (MDA) Listeria  
4) 2014.07* Listeria monocytogenes in Selected Foods and Environmental Surfaces, 3M™ Molecular 

Detection Assay (MDA) Listeria monocytogenes 
*These methods were modified in March, 2016 to revise the applicability statements.  These 
methods are now AOAC First Action methods until 2018.  
 

IV. Next Steps and Upcoming Meetings  
 

V. Adjournment 
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AOAC INTERNATIONAL

POLICY AND PROCEDURES ON

VOLUNTEER CONFLICT OF INTEREST

Statement of Policy

While it is not the intention of AOAC INTERNATIONAL (AOAC) to restrict the personal, professional, 

or proprietary activities of AOAC members nor to preclude or restrict participation in Association affairs 

solely by reason of such activities, it is the sense of AOAC that conflicts of interest or even the 

appearance of conflicts of interest on the part of AOAC volunteers should be avoided.  Where this is not

possible or practical under the circumstances, there shall be written disclosure by the volunteers of actual 

or potential conflicts of interest in order to ensure the credibility and integrity of AOAC.  Such written 

disclosure shall be made to any individual or group within the Association which is reviewing a 

recommendation which the volunteer had a part in formulating and in which the volunteer has a material 

interest causing an actual or potential conflict of interest.

AOAC requires disclosure of actual or potential conflicts of interest as a condition of active participation 

in the business of the Association.  The burden of disclosure of conflicts of interest or the appearance of 

conflicts of interest falls upon the volunteer.  

A disclosed conflict of interest will not in itself bar an AOAC member from participation in Association 

activities, but a three-fourths majority of the AOAC group reviewing the issue presenting the conflict 

must concur by secret ballot that the volunteer's continued participation is necessary and will not 

unreasonably jeopardize the integrity of the decision-making process.

Employees of AOAC are governed by the provision of the AOAC policy on conflict of interest by staff.  

If that policy is in disagreement with or mute on matters covered by this policy, the provisions of this 

policy shall prevail and apply to staff as well.

Illustrations of Conflicts of Interest

1. A volunteer who is serving as a committee member or referee engaged in the evaluation of a method

or device; who is also an employee of or receiving a fee from the firm which is manufacturing or

distributing the method or device or is an employee of or receiving a fee from a competing firm.

2. A volunteer who is requested to evaluate a proposed method or a related collaborative study in

which data are presented that appear detrimental (or favorable) to a product distributed or a position

supported by the volunteer's employer.

3. A referee who is conducting a study and evaluating the results of an instrument, a kit, or a piece of

equipment which will be provided gratis by the manufacturer or distributor to one or more of the

participating laboratories, including his or her own laboratory, at the conclusion of the study.



4. Sponsorship of a collaborative study by an interest (which may include the referee) which stands to

profit from the results; such sponsorship usually involving the privilege granted by the investigator

to permit the sponsor to review and comment upon the results prior to AOAC evaluation.

5. A volunteer asked to review a manuscript submitted for publication when the manuscript contains

information which is critical of a proprietary or other interest of the reviewer.

The foregoing are intended as illustrative and should not be interpreted to be all-inclusive examples 

of conflicts of interest AOAC volunteers may find themselves involved in.

Do's and Don’ts

Do avoid the appearance as well as the fact of a conflict of interest.

Do make written disclosure of any material interest which may constitute a conflict of interest or the 

appearance of a conflict of interest.

Do not accept payment or gifts for services rendered as a volunteer of the Association without disclosing 

such payment or gifts. 

Do not vote on any issue before an AOAC decision-making body where you have the appearance of or an 

actual conflict of interest regarding the recommendation or decision before that body. 

Do not participate in an AOAC decision-making body without written disclosure of actual or potential 

conflicts of interest in the issues before that body.

Do not accept a position of responsibility as an AOAC volunteer, without disclosure, where the discharge 

of the accepted responsibility will be or may appear to be influenced by proprietary or other conflicting 

interests.

Procedures

Each volunteer elected or appointed to an AOAC position of responsibility shall be sent, at the time of 

election or appointment, a copy of this policy and shall be advised of the requirement to adhere to the 

provisions herein as a condition for active participation in the business of the Association.  Each 

volunteer, at the time of his or her election or appointment, shall indicate, in writing, on a form provided 

for this purpose by AOAC, that he or she has read and accepts this policy.   

Each year, at the spring meeting of the AOAC Board of Directors, the Executive Director shall submit a 

report certifying the requirements of this policy have been met; including the names and positions of any 

elected or appointed volunteers who have not at that time indicated in writing that they have accepted the 

policy. 

Anyone with knowledge of specific instances in which the provisions of this policy have not been 

complied with shall report these instances to the Board of Directors, via the Office of the Executive 

Director, as soon as discovered.

*   *   *  *   *   * 

Adopted:  March 2, 1989 

Revised:  March 28, 1990 

Revised: October 1996 



AOAC INTERNATIONAL

ANTITRUST POLICY

STATEMENT AND GUIDELINES

Introduction

It is the policy of AOAC INTERNATIONAL (AOAC) and its members to comply strictly with all laws 

applicable to AOAC activities.  Because AOAC activities frequently involve cooperative undertakings and 

meetings where competitors may be present, it is important to emphasize the on_going commitment of our 

members and the Association to full compliance with national and other antitrust laws.  This  statement is a 

reminder of that commitment and should be used as a general guide  for AOAC and related individual 

activities and meetings.

Responsibility for Antitrust Compliance

The Association's structure is fashioned and its programs are carried out in conformance with antitrust 

standards.  However, an equal responsibility for antitrust compliance __ which includes avoidance of even 

an appearance of improper activity __ belongs to the individual.  Even the appearance of improper activity 

must be avoided because the courts have taken the position that actual proof of misconduct is not required 

under the law.  All that is required is whether misconduct can be inferred from the individual's activities.

Employers and AOAC depend on individual good judgment to avoid all discussions and activities which 

may involve improper subject matter and improper procedures.  AOAC staff members work 

conscientiously to avoid subject matter or discussion which may have unintended implications, and 

counsel for the Association can provide guidance with regard to these matters.  It is important for the 

individual to realize, however, that the competitive significance of a particular  conduct or communication 

probably is evident only to the individual who is directly involved in such matters.

Antitrust Guidelines

In general, the U.S. antitrust laws seek to preserve a free, competitive economy and trade in the United 

States and in commerce with foreign countries.  Laws in  other countries have similar objectives.  

Competitors (including individuals) may not restrain competition among themselves with reference to the 

price, quality, or distribution of their products, and they may not act in concert to restrict the competitive 

capabilities or opportunities of competitors, suppliers, or customers.

Although the Justice Department and Federal Trade Commission generally enforce the U.S. antitrust laws, 

private parties can bring their own lawsuits.



Penalties for violating the U.S. and other antitrust laws are severe: corporations are subject to heavy fines 

and injunctive decrees, and may have to pay substantial damage judgments to injured competitors, 

suppliers, or customers.  Individuals are subject to criminal prosecution, and will be punished by 

fines and imprisonment.

Under current U.S. federal sentencing guidelines, individuals found guilty of bid rigging, price 

fixing, or market allocation must be sent to jail for at least 4 to 10 months and must pay 

substantial minimum fines.

Since the individual has an important responsibility in ensuring antitrust compliance in AOAC 

activities, everyone should read and heed the following guidelines. 

1. Don't make any effort to bring about or prevent the standardization of any method

or product for the purpose or intent of preventing the manufacture or sale of any

method or product not conforming to a specified standard.

2. Don't discuss with competitors your own or the competitors' prices, or anything

that might affect prices such as costs, discounts, terms of sale, distribution,

volume of production, profit margins, territories, or customers.

3. Don't make announcements or statements at AOAC functions, outside leased

exhibit space, about your own prices or those of competitors.

4. Don't disclose to others at meetings or otherwise any competitively sensitive

information.

5. Don't attempt to use the Association to restrict the economic activities of any firm

or any individual.

6. Don't stay at a meeting where any such price or anti_competitive talk occurs.

7. Do conduct all AOAC business meetings in accordance with AOAC rules.  These

rules require that an AOAC staff member be present or available, the meeting be

conducted by a knowledgeable chair, the agenda be followed, and minutes be

kept.

8. Do confer with counsel before raising any topic or making any statement with

competitive ramifications.

9. Do send copies of meeting minutes and all AOAC_related correspondence to the

staff member involved in the activity.

       10. Do alert the AOAC staff to any inaccuracies in proposed or existing 

methods and statements issued, or to be issued, by AOAC and to any conduct not 

in conformance with these guidelines. 



Conclusion

Compliance with these guidelines involves not only avoidance of antitrust violations, but avoidance of any 

behavior which might be so construed.  Bear in mind, however, that the above antitrust laws are stated in  

general terms, and that this statement is not a summary of applicable laws.  It is intended only to highlight 

and emphasize the principal antitrust standards which are relevant to AOAC programs.  You must, 

therefore, seek the guidance of either AOAC counsel or your own counsel if antitrust questions arise.

*  *  *  *  *

Adopted by the AOAC Board of Directors:  September 24, 1989 

Revised:  March 11, 1991

Revised October 1996





AOAC INTERNATIONAL

POLICY ON THE USE OF THE

ASSOCIATION NAME, INITIALS,

IDENTIFYING INSIGNIA, LETTERHEAD, AND BUSINESS CARDS

Introduction

The following policy and guidelines for the use of the name, initials, and other identifying 

insignia of AOAC INTERNATIONAL have been developed in order to protect the reputation, 

image, legal integrity and property of the Association. 

The name of the Association, as stated in its bylaws, is "AOAC INTERNATIONAL". The 

Association is also known by its initials, AOAC, and by its logo, illustrated below, which 

incorporates the Association name and a representation of a microscope, book, and flask.  The 

AOAC logo is owned by the Association and is registered with the U.S. Patent and Trademark 

Office.

The full Association insignia, illustrated below, is comprised of the logo and the tagline, "The 

Scientific Association Dedicated to Analytical Excellence," shown below.  The typeface used is 

Largo.  The AOAC tagline is owned by the Association and is registered with the U.S. Patent and 

Trademark office.



AOAC INTERNATIONAL Policy on the Use of the Association Name,

Initials, Identifying Insignia, Letterhead, and Business Cards 
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Policy

Policy on the use of the Association's name and logo is established by the AOAC Board of 

Directors as follows:

“The Board approves and encourages reference to the Association by name, either as 

AOAC INTERNATIONAL or as AOAC; or reference to our registered trademark,

AOAC®, in appropriate settings to describe our programs, products, etc., in scientific 

literature and other instances so long as the reference is fair, accurate, complete and 

truthful and does not indicate or imply unauthorized endorsement of any kind. 

The insignia (logo) of AOAC INTERNATIONAL is a registered trade and service mark 

and shall not be reproduced or used by any person or organization other than the 

Association, its elected and appointed officers, sections, or committees, without the prior 

written permission of the Association. Those authorized to use the AOAC 

INTERNATIONAL insignia shall use it only for the purposes for which permission has 

been specifically granted.  

The name and insignia of the Association shall not be used by any person or organization 

in any way which indicates, tends to indicate, or implies AOAC official endorsement of 

any product, service, program, company, organization, event or person, endorsement of 

which, has not been authorized by the Association, or which suggests that membership in 

the Association is available to any organization.”  

The Executive Director, in accordance with the above stated policy, is authorized to process, 

approve, fix rules, and make available materials containing the Association name and insignia.

It should be noted that neither the Association's name nor its insignia nor part of its insignia may 

be incorporated into any personal, company, organization, or any other stationery other than that 

of the Association; nor may any statement be included in the printed portion of such stationery 

which states or implies that an individual, company, or other organization is a Member of the 

Association.

Instructions

1. Reproduction or use of the Association name or insignia requires prior approval by the

Executive Director or his designate.

2. Association insignia should not be altered in any manner without approval of the

Executive Director or his designate, except to be enlarged or reduced in their entirety.

3. Artwork for reproducing the Association name or insignia, including those incorporating

approved alterations, will be provided on request to those authorized to use them (make

such requests to the AOAC Marketing Department).  Examples of the types of alterations

that would be approved are inclusion of a section name in or the addition of an officer's

name and address to the letterhead insignia.



AOAC INTERNATIONAL Policy on the Use of the Association Name,  

Initials, Identifying Insignia, Letterhead, and Business Cards 
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4. When the Association name is used without other text as a heading, it should, when 

possible, be set in the Largo typeface.

5. Although other colors may be used, AOAC blue, PMS 287, is the preferred color when 

printing the AOAC insignia, especially in formal and official documents.  It is, of course, 

often necessary and acceptable to reproduce the insignia in black.

6. Do not print one part of the logo or insignia in one color and other parts in another color. 

7. The letterhead of AOAC INTERNATIONAL shall not be used by any person or 

organization other than the Association, its elected and appointed officers, staff, sections, 

or committees; except by special permission.

Correspondence of AOAC official business should be conducted using AOAC letterhead.  

However, those authorized to use AOAC letterhead shall use it for official AOAC business 

only.   

Copies of all correspondence using AOAC letterhead or conducting AOAC official 

business, whether on AOAC letterhead or not, must be sent to the appropriate office at 

AOAC headquarters. 

8. AOAC INTERNATIONAL business cards shall not be used by any person or organization 

other than the Association, its staff, and elected officials, except by special permission.

Those authorized to use AOAC business cards shall use them for official AOAC business 

only and shall not represent themselves as having authority to bind the Association beyond 

that authorized. 

Sanctions

1. Upon learning of any violation of the above policy, the Executive Director or a designate 

will notify the individual or organization that they are in violation of AOAC policy and 

will ask them to refrain from further misuse of the AOAC name or insignia.

2. If the misuse is by an Individual Member or Sustaining Member of the Association, and 

the misuse continues after notification, the Board of Directors will take appropriate action.

3. If continued misuse is by a nonmember of the Association or if a member continues 

misuse in spite of notification and Board action, ultimately, the Association will take legal 

action to protect its property, legal integrity, reputation, and image. 

*   *   *   *   *   * 

Adopted by the AOAC Board of Directors:  September 24, 1989 

Revised:  June 13, 1991; February 26, 1992; March 21, 1995; October 1996



 



 
 

 

Official Methods of AnalysisSM (OMA) Expert Review Panel 
MEETING AND METHOD REVIEW GUIDANCE 

 
The AOAC Research Institute administers AOAC INTERNATIONAL's premier methods program, the AOAC Official 
Methods of AnalysisSM (OMA). The program evaluates chemistry, microbiology, and molecular biology methods. It 
also evaluates traditional benchtop methods, instrumental methods, and proprietary, commercial, and/or 
alternative methods and relies on gathering the experts to develop voluntary consensus standards, followed by 
collective expert judgment of methods using the adopted standards.  The Official Methods of Analysis of AOAC 
INTERNATIONAL is deemed to be highly credible and defensible. 
 
All Expert Review Panel (ERP) members are vetted by the AOAC Official Methods Board (OMB) and serve at the 
pleasure of the President of AOAC INTERNATIONAL.  In accordance to the AOAC Expert Review Panel Member 
and Chair Volunteer Role Description all Expert Review Panel members are expected to 1) serve with the highest 
integrity, 2) perform duties and method reviews, and 3) adhere to review timelines and deadlines. 
 
To assist the ERP Chair and its members, please note the following in preparation for Expert Review Panel 
meetings and method reviews.    
 
Pre-Meeting Requirements 

1. Confirm availability and plan to be present to ensure a quorum of the ERP.  
(Please refer to page 25, Quorum Guidelines, Expert Review Panel Information Packet) 

2. Ensure that your laptop, CPU or mobile device can access online web documentation.  
3. Be prepared for the meeting by reviewing all relevant meeting materials and method documentation.  

 
In-Person Meeting and Teleconference Conduct 

1. Arrive on time.   
2. Advise the Chair and ERP members of any potential Conflicts of Interest at the beginning of the meeting.    
3. Participation is required from all members of the ERP.  All members have been deemed experts in the 

specific subject matter areas. 
4. The ERP Chair will moderate the meeting to ensure that decisions can be made in a timely manner.  
5. Follow Robert’s Rules of Order for Motions.  
6. Speak loud, clear, and concise so that all members may hear and understand your point of view. 
7. Due to the openness of our meetings, it is imperative that all members communicate in a respectful 

manner and tone.   
8. Refrain from disruptive behavior. Always allow one member to speak at a time.  Please do not interrupt. 
9. Please note that all methods reviewed and decisions made during the Expert Review Panel process are 

considered confidential and should not be discussed unless during an Expert Review Panel meeting to 
ensure transparency.   

 
Reviewing Methods 

Prior to the Expert Review Panel meeting, ERP members are required to conduct method reviews.  All 
methods are reviewed under the following criteria, technical evaluation, general comments, editorial criteria, 
and recommendation status.  These methods are being reviewed against their collaborative study protocols 
as provided in the supplemental documentation.  Note: The method author(s) will be present during the 
Expert Review Panel session to answer any questions.  
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Official Methods of AnalysisSM (OMA) Expert Review Panel 
MEETING AND METHOD REVIEW GUIDANCE 

Reviewing Methods (Cont’d) 

• Reviewers shall conduct in‐depth review of method and any supporting information.
• In‐depth reviews are completed electronically via the method review form. The method review form

must be completed and submitted by the deadline date as provided.
• All reviews will be discussed during the Expert Review Panel meeting.
• Any ERP member can make the motion to adopt or not to adopt the method.
• If the method is adopted for AOAC First Action status, Expert Review Panel members must track and

present feedback on assigned First Action Official Methods.
• Recommend additional feedback or information for Final Action consideration.

Here are some questions to consider during your review based on your scientific judgment: 
1. Does the method sufficiently follow the collaborative study protocol?
2. Is the method scientifically sound and can be followed?
3. What are the strengths and weaknesses of the method?
4. How do the weaknesses weigh in your recommendation for the method?
5. Will the method serve the community that will use the method?
6. What additional information may be needed to further support the method?
7. Can this method be considered for AOAC First Action OMA status?

Reaching Consensus during Expert Review Panel Meeting 
1. Make your Motion.
2. Allow another member to Second the Motion.
3. The Chair will state the motion and offer the ERP an option to discuss the motion.
4. The Chair will call a vote once deliberations are complete.
5. Methods must be adopted by unanimous decision of ERP on first ballot, if not unanimous, negative votes

must delineate scientific reasons.  Negative voter(s) can be overridden by 2/3 of voting ERP members
after due consideration.

6. All other motions will require 2/3 majority for vote to carry.

Page 2 of 2 
  Version 1 – OMA ERP Meeting Conduct  
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magnitudemagnitude..

•• ERP is looking to verify if ERP is looking to verify if method reproducibility method reproducibility has has s oo g o e ys oo g o e y e od ep oduc b ye od ep oduc b y asas
been been appropriately assessed appropriately assessed and and satisfactorily satisfactorily 
demonstrateddemonstrated

OMB Expectations

Qualitative Methods
demonstrated method 
reproducibility and/or 

uncertaintyOMB Expectations 
for ERPs 

Reproducibility

y

Quantitative Methods
probability of 
detection or 
equivalent

OMA, Appendix GOMA, Appendix G
Two Two years maximum transition time years maximum transition time ((additional year(s) if ERP determines a relevant additional year(s) if ERP determines a relevant 
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to the method
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statuseva ua o o a y eedbac
on method and its performance

s a us
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OMA, Appendix GOMA, Appendix G
Method removed from Official First Action and OMA if no evidence of method use Method removed from Official First Action and OMA if no evidence of method use 

available at the end of the transition time.available at the end of the transition time.

First Action OMA Tracking

• Tracking period is ≤ 2 years and begins on 
the date of the ERP’s decision to adopt a 
method for OMA First Action status.

First Action OMA Tracking

• Repeal from OMA 

No Use in 2 Years

OMA, Appendix GOMA, Appendix G
Method removed from Official First Action and OMA if no data indicative of Method removed from Official First Action and OMA if no data indicative of 

adequate method reproducibility is forthcoming as outlined above at the end adequate method reproducibility is forthcoming as outlined above at the end 

of the transition timeof the transition time..

First Action OMA Tracking

• Tracking period is ≤ 2 years and begins on the 
date of the ERP’s decision to adopt a method for 
OMA First Action status.

st ct o O ac g

• Repeal from OMA 

No Demonstration of Method 
Reproducibility in ≤ 2 Years
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OMA, Appendix GOMA, Appendix G
ERP to recommend Method to Official Final Action Status ERP to recommend Method to Official Final Action Status 

to the OMBto the OMB..

ERP 
Recommendatio

OMB Liaison 
Assigned to ERP

n to OMB

Documents 
supporting ERP 

Recommendations

Checklist for 
First Action 

Recommendation
s

OMA, Appendix GOMA, Appendix G
First First Action to Final Action MethodsAction to Final Action Methods: Guidance : Guidance for AOAC Expert Review Panelsfor AOAC Expert Review Panels

Method 
Applicability

OMB 
Expectation
Parameters

Safety 
Concerns

Reference 
Materials

Comparison to 
Standard/ 

Acceptance

Method 
Feedback

Materials

Single Lab 
Validation

Reproducibility
/ Uncertainty

Acceptance 
Criteria
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OMB Expectation ParametersOMB Expectation Parameters

Method 
Applicability

Safety 
Concerns

Reference 
MaterialsApplicability

Must be clearly 
written and meet 

user needs

ERP 
recommendations

Concerns

Safety review 
needed prior to 

First Action 
status

All concerns 
must be 

Materials

Source reference 
materials

Alternatives if recommendations 
implemented

Assess method 
limitations and 

concerns

addressed within 
tracking period

none available?

OMB Expectation ParametersOMB Expectation Parameters

Single Laboratory 
Validation

Qualitative methods: inclusivity (or 
equivalent), exclusivity (or 

equivalent), robustness, 
repeatability, POD (or equivalent), 
cross reactivity, matrix scope, etc…

Reproducibility/ 
Uncertainty

Qualitative methods: - probability of 
detection or equivalent

Comparison to 
Standard/ 

Acceptance Criteria

Documented method performance 
versus a SMPR, recognized 

reference standard (materials), 
recognized reference method, or 

general method end user community 
guidance and/or acceptance criteria

Quantitative methods: demonstrated 
method linearity, accuracy, 

repeatability, selectivity, 
LOD/LOQ, Matrix scope, etc….

Quantitative methods:  
demonstrated method 

reproducibility and/or uncertainty

Document reasons for acceptability 
if it doesn’t meet the standard or 

acceptance criteria
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OMB Expectation ParametersOMB Expectation Parameters

M th dMethod 
Feedback from 

End Users

Consider any positive or negativeConsider any positive or negative 
feedback on overall method 
performance, applicability, 

availability of reference 
materials, matrix scope, method 
component sourcing, robustness 

or ruggedness parameters.

Documentation NeededDocumentation Needed
Method Safety Evaluation

Reference Materials

Evidence of Single Laboratory Validation or equivalent 

Evidence of Reproducibility Assessment 

Published First Action OMA

Method Performance versus SMPR or acceptance criteriaMethod Performance versus SMPR or acceptance criteria

Final draft of First Action OMA to be considered for status update

Rationale or Justification for Repeal or Continuance of First Action OMA 
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ERP MeetingsERP Meetings

QQuorum

Presence of 7 
tt d ERP

Presence of 
2/3 tt dORvetted ERP 

members 
2/3 vetted 

ERP members

WHICHEVER IS GREATER

OR

ERP MeetingsERP Meetings

METHOD AUTHOR:   present any method feedback obtained and any 
resulting changes to the method, any reproducibility information, any 
implemented ERP recommendations, final draft of method proposed for 
decision

ERP MEMBERS:   present any method feedback obtained and discuss 
any resulting changes to the method, any reproducibility information, 
any implemented ERP recommendations, review and agree upon final 
draft of method proposed for decision, and make a recommendation to 
OMB.

CONSENSUS:   2/3 vote in favor of a motion.   Abstentions do not 
count towards vote; in case of multiple abstentions. Staff will monitorcount towards vote; in case of multiple abstentions.  Staff will monitor  
and record consensus voting.

STAFF:  Will organize and coordinate meeting,  record  ERP actions 
and decisions, draft ERP report and distribute after chair approval,  work 
with chair and OMB liaison to complete checklist and assemble 
recommendation package  for OMB.
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AOAC Official Method 2014.01 
Salmonella in Selected Foods

3M™ Petrifilm™ Salmonella Express System 
First Action 2014

[Applicable to detection of Salmonella spp. in raw ground beef 
(25 g), raw ground chicken (25 g), pasteurized liquid whole egg 
(100 g), raw ground pork (25 g), cooked chicken nuggets (325 g), 
frozen uncooked shrimp (25 g), fresh bunched spinach (25 g), 
dry dog food (375 g), and stainless steel. Not applicable to some 
lactose-positive Salmonella species.]

See Tables 2014.01A and B for results of the interlaboratory 
study supporting acceptance of the method. See Appendix available 
on the J. AOAC Int. website for detailed tables of results of the 
collaborative study (http://aoac.publisher.ingentaconnect.com/
content/aoac/jaoac).
Caution: Do not use the 3M Petrifilm SALX System method in 

the diagnosis of conditions in humans or animals. To 

reduce the risks associated with exposure to chemicals 
and biohazards, perform pathogen testing in a properly 
equipped laboratory under the control of trained 
personnel. Always follow standard good laboratory 
safety practices (GLP), including proper containment 
procedures, and wearing appropriate protective apparel 
and eye protection while handling testing materials and 
test samples. Avoid direct contact with the contents of 
the enrichment medium and inoculated plates. Dispose 
of enrichment media and inoculated plates according 
to all applicable government regulatory regulations 
and applicable laboratory procedures. Wear appropriate 
protective apparel while handling the 3M Petrifilm SALX 
Plate as some of the components may be considered 
allergenic and irritants to some individuals.

Table 2014.01A. Summary of results for detection of Salmonella in raw ground beef (25 g)

Methoda
3M Petrifilm Salmonella Express System 

with alternative confirmation
3M Petrifilm Salmonella Express System 

with traditional confirmation

Inoculation level Uninoculated Low High  Uninoculated Low High

Candidate presumptive positive/ 
total No. of samples analyzed

2/168 85/168 168/168 2/168 85/168 168/168

Candidate presumptive POD (CP) 0.01 (0.00, 0.04) 0.51 (0.43, 0.58) 1.00 (0.98, 1.00) 0.01 (0.00, 0.04) 0.51 (0.43, 0.58) 1.00 (0.98, 1.00)

sr
b 0.11 (0.10, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15) 0.11 (0.10, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15)

sL
c 0.00 (0.00, 0.04) 0.00 (0.00, 0.13) 0.00 (0.00, 0.15) 0.00 (0.00, 0.04) 0.00 (0.00, 0.13) 0.00 (0.00, 0.15)

sR
d 0.11 (0.10, 0.12) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21) 0.11 (0.10, 0.12) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21)

P-valuee 0.5158 0.9341 1.0000  0.5158 0.9341 1.0000

Candidate confirmed positive/ 
total No. of samples analyzed

0/168 83/168 168/168 1/168 83/168 168/168

Candidate confirmed POD (CC) 0.00 (0.00, 0.02) 0.49 (0.42, 0.57) 1.00 (0.98, 1.00) 0.01 (0.00, 0.03) 0.49 (0.42, 0.57) 1.00 (0.98, 1.00)

sr 0.00 (0.00, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15) 0.08 (0.07, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15)

sL 0.00 (0.00, 0.15) 0.00 (0.00, 0.11) 0.00 (0.00, 0.15) 0.00 (0.00, 0.03) 0.00 (0.00, 0.11) 0.00 (0.00, 0.15)

sR 0.00 (0.00, 0.21) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21) 0.08 (0.07, 0.09) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21)

P-value 1.0000 0.9757 1.0000  0.4418 0.9757 1.0000

Positive reference samples/ 
total No. of samples analyzed

0/168 86/168 167/168 0/168 86/168 167/168

Reference POD 0.00 (0.00, 0.02) 0.51 (0.43, 0.59) 0.99 (0.97, 1.00) 0.00 (0.00, 0.02) 0.51 (0.43, 0.59) 0.99 (0.97, 1.00)

sr 0.00 (0.00, 0.15) 0.51 (0.46, 0.52) 0.08 (0.07, 0.15) 0.00 (0.00, 0.15) 0.51 (0.46, 0.52) 0.08 (0.07, 0.15)

sL 0.00 (0.00, 0.15) 0.00 (0.00, 0.12) 0.00 (0.00, 0.03) 0.00 (0.00, 0.15) 0.00 (0.00, 0.12) 0.00 (0.00, 0.03)

sR 0.00 (0.00, 0.21) 0.51 (0.47, 0.52) 0.08 (0.07, 0.09) 0.00 (0.00, 0.21) 0.51 (0.47, 0.52) 0.08 (0.07, 0.09)

P-value 1.0000 0.9695 0.4418  1.0000 0.9695 0.4418

dLPOD (candidate vs reference)f 0.00 (–0.02, 0.02) –0.02 (–0.13, 0.09) 0.01 (–0.02, 0.03) 0.01 (–0.02, 0.03) –0.02 (–0.13, 0.09) 0.01 (–0.02, 0.03)

dLPOD (candidate presumptive 
 vs candidate confirmed)f

0.01 (–0.01, 0.04) 0.01 (–0.10, 0.12) 0.00 (–0.02, 0.02)   0.01 (–0.02, 0.04) 0.01 (–0.10, 0.12) 0.00 (–0.02, 0.02) 

a Results include 95% confidence intervals.
b Repeatability standard deviation.
c Among-laboratory standard deviation.
d Reproducibility standard deviation.
e P-value = Homogeneity test of laboratory PODs.
f A confidence interval for dLPOD that does not contain the value 0 indicates a statistical significant difference between the two methods.

http://aoac.publisher.ingentaconnect.com/
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     To reduce the risks associated with environmental 
contamination, follow current industry standards and 
local regulations for disposal of contaminated waste. 
Consult the Material Safety Data Sheet for additional 
information. For questions about specific applications 
or procedures, visit www.3M.com/foodsafety or contact 
your local 3M representative or distributor. Review the 
policies recommend by the Centers for Disease Control 
and Prevention on dealing with pathogens (http://www.
cdc.gov/biosafety/publications/bmbl5/BMBL.pdf).

A. Principle

The 3M Petrifilm SALX System is a chromogenic culture 
medium system that is intended for the rapid and specific detection 
and biochemical confirmation of Salmonella spp. from food 
and food process environmental samples. After enrichment in 
prewarmed 3M Salmonella Enrichment Base with 3M Salmonella 
Enrichment Supplement, the 3M Petrifilm SALX System provides 
presumptive positive results in as little as 40 h from low microbial 

background foods (<104 CFU/g) and 48 h from high microbial foods 
(≥104 CFU/g). The 3M Petrifilm SALX System does not specifically 
differentiate some lactose-positive Salmonella species (primarily 
S. arizonae and S. diarizonae) from other lactose-positive organisms. 
Refer to the 3M Petrifilm Salmonella Express System Instructions 
for Use for additional information.
B. Apparatus and Reagents

(a)  3M  Petrifilm  Salmonella  Express  Plate.—Twenty-five 
plates/pouch (3M Food Safety, St. Paul, MN, USA).

(b)  3M Petrifilm Salmonella Express Confirmation Disk.—Five 
disks/pouch (3M Food Safety).

(c)  3M  Salmonella  Enrichment  Base.—500 g or 2.5 kg/bottle 
(3M Food Safety).

(d)  3M  Salmonella  Enrichment  Supplement.—1 g/vial (3M 
Food Safety).

(e)  3M Petrifilm Flat Spreader.—Two spreaders/box (3M Food 
Safety).

Table 2014.01B. Summary of results for detection of Salmonella in dry dog food (375 g)

Methoda
3M Petrifilm Salmonella Express System 

with alternative confirmation
3M Petrifilm Salmonella Express System 

with traditional confirmation

Inoculation level Uninoculated Low High  Uninoculated Low High

Candidate presumptive positive/ 
total No. of samples analyzed

0/144 82/144 142/144 0/144 82/144 142/144

Candidate presumptive POD (CP) 0.00 (0.00, 0.03) 0.57 (0.48, 0.66) 0.99 (0.95, 1.00) 0.00 (0.00, 0.03) 0.57 (0.48, 0.66) 0.99 (0.95, 1.00)

sr
b 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.12 (0.11, 0.16) 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.12 (0.11, 0.16)

sL
c 0.00 (0.00, 0.16) 0.08 (0.00, 0.24) 0.00 (0.00, 0.04) 0.00 (0.00, 0.16) 0.08 (0.00, 0.24) 0.00 (0.00, 0.04)

sR
d 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.12 (0.11, 0.13) 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.12 (0.11, 0.13)

P-valuee 1.0000 0.2242 0.9861  1.0000 0.2242 0.9861

Candidate confirmed positive/ 
total No. of samples analyzed

0/144 81/144 141/144 0/144 82/144 141/144

Candidate confirmed POD (CC) 0.00 (0.00, 0.03) 0.56 (0.46, 0.66) 0.98 (0.94, 0.99) 0.00 (0.00, 0.03) 0.57 (0.48, 0.67) 0.98 (0.94, 0.99)

sr 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.14 (0.12, 0.16) 0.00 (0.00, 0.16) 0.49 (0.43, 0.52) 0.14 (0.12, 0.16)

sL 0.00 (0.00, 0.16) 0.10 (0.00, 0.26) 0.03 (0.00, 0.08) 0.00 (0.00, 0.16) 0.11 (0.00, 0.27) 0.03 (0.00, 0.08)

sR 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.14 (0.13, 0.17) 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.14 (0.13, 0.17)

P-value 1.0000 0.1290 0.0976  1.0000 0.1114 0.0976

Positive reference samples/ 
total No. of samples analyzed

0/144 71/144 144/144 0/144 71/144 144/144

Reference POD 0.00 (0.00, 0.03) 0.49 (0.39, 0.59) 1.00 (0.97, 1.00) 0.00 (0.00, 0.03) 0.49 (0.39, 0.59) 1.00 (0.97, 1.00)

sr 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.00 (0.00, 0.16) 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.00 (0.00, 0.16)

sL 0.00 (0.00, 0.16) 0.10 (0.00, 0.26) 0.00 (0.00, 0.16) 0.00 (0.00, 0.16) 0.10 (0.00, 0.26) 0.00 (0.00, 0.16)

sR 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.00 (0.00, 0.22) 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.00 (0.00, 0.22)

P-value 1.0000 0.1550 1.0000  1.0000 0.1550 1.0000

dLPOD (C vs R)f 0.00 (–0.03, 0.03) 0.07 (–0.07, 0.21) –0.02 (–0.06, 0.01) 0.00 (–0.03, 0.03) 0.08 (–0.07, 0.22) –0.02 (–0.06, 0.01)

dLPOD (CP vs CC)f 0.00 (–0.03, 0.03) 0.01 (–0.18, 0.22) 0.01 (–0.03, 0.05)  0.00 (–0.03, 0.03) 0.00 (–0.14, 0.14) 0.01 (–0.03, 0.05)

a Results include 95% confidence intervals.
b Repeatability standard deviation.
c Among-laboratory standard deviation.
d Reproducibility standard deviation.
e P-value = Homogeneity test of laboratory PODs.
f A confidence interval for dLPOD that does not contain the value 0 indicates a statistical significant difference between the two methods.

http://www.3m.com/foodsafety
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(f)  3M Rappaport-Vassiliadis R10 (R-V R10) Broth.—500 g/bottle 
(3M Food Safety).

(g)  Sterile  diluents.—Butterfield’s Phosphate Diluent, distilled 
water, or reverse osmosis water.

(h)  Sterile 10 µL inoculation loop.
(i) Pipet.—Capable of dispensing 2 mL.
(j)  Pipettor.—Capable of dispensing 100 µL.
(k)  Sterile pipet tips.—Capable of 100 µL.
(l)  Filter  stomacher  bags.—Seward Laboratory Systems Inc. 

(Bohemia, NY, USA), or equivalent.
(m)  Stomacher.—Seward Laboratory Systems Inc., or 

equivalent.
(n)  Permanent  ultra-fine  tipped  marker.—For circling 

presumptive positive colonies on the 3M Petrifilm Salmonella 
Express Plate.

(o)  Incubators.—Capable of maintaining 41.5 ± 1°C.
(p)  Freezer.—Capable of maintaining –10 to –20°C, for storing 

opened 3M Petrifilm Salmonella Express Plate pouches, hydrated 
3M Petrifilm SALX Plates, and 3M Petrifilm SALX Plates after 
incubation.

(q)  Refrigerator.—Capable of maintaining 2–8°C for storing 
unopened 3M Petrifilm SALX Plates and 3M Petrifilm SALX 
Confirmation Disk.
C. General Instructions

(a) Store 3M Petrifilm SALX Plates and 3M Petrifilm SALX 
Confirmation Disks at 2–8°C. After opening the 3M Petrifilm SALX 
Plate pouches, seal the pouch and store at ambient temperature, less 
than 60% relative humidity (RH). Hydrated 3M Petrifilm SALX 
Plates can be stored up to 7 days at 2–8°C. Post-incubation 3M 
Petrifilm SALX Plates can be stored at –10 to –20°C for up to 
3 days. Hydrate the 3M Petrifilm SALX Plates with 2.0 ± 0.1 mL 
sterile diluent. Do not allow the top film to close before dispensing 
the entire 2.0 mL volume. Gently roll down the top film onto the 
diluent to prevent trapping air bubbles. Place the 3M Petrifilm Flat 
Spreader on the center of the plate. Press gently on the center of the 
spreader to distribute the diluent evenly. Spread the diluent over the 
entire 3M Petrifilm SALX Plate. Remove the spreader and leave 
the 3M Petrifilm SALX Plate undisturbed for 1 min. Prior to use, 
place the plates on a flat surface for 1 h at room temperature (20–
25°C/<60% RH) and protected from light to allow the gel to form. 
Hydrated plates can be stored at room temperature (20–25°C/<60% 
RH) protected from light for up to 8 h before use.

(b) Follow all instructions carefully. Failure to do so may lead 
to inaccurate results.

(c) After use, the enrichment medium and the 3M Petrifilm 
SALX Plates and 3M Petrifilm SALX Confirmation Disks can 
potentially contain pathogenic materials. When testing is complete, 
follow current industry standards for the disposal of contaminated 
waste. Consult the Material Safety Data Sheet for additional 
information and local regulations for disposal.
D. Sample Enrichment

(1) Prewarm 3M Salmonella Enrichment Base with 3M 
Salmonella Enrichment Supplement (50 mg/L) to 41.5 ± 1°C.

(2) Aseptically combine the enrichment medium and sample 
following Table 2014.01C. For all meat and highly particulate 
samples, the use of filter bags is recommended. Homogenize 
thoroughly for 2 min and incubate at 41.5 ± 1°C for 18–24 h.

(a) Foods  with  high  microbial  backgrounds  (≥104 CFU/g).—
Transfer 0.1 mL of the primary enrichment into 10.0 mL R-V R10 
broth. Incubate for 8–24 h at 41.5 ± 1°C.

(b) Foods  with  low  microbial  backgrounds  (<104 CFU/g).—
Proceed to 3M Petrifilm SALX Plate preparation as described in E.
E.  Preparation of the 3M Petrifilm Salmonella Express Plates

(1) Place the 3M Petrifilm SALX Plate on a flat, level surface.
(2) Use prescribed diluents to hydrate the 3M Petrifilm SALX 

Plates: Butterfield’s Phosphate Diluent, distilled water, or reverse 
osmosis water.

(3) Lift the top film and with the pipet perpendicular dispense 
2.0 ± 0.1 mL sterile diluent onto the center of bottom film. Do not 
close the top film before dispensing the entire 2.0 mL volume.

(4) Gently roll down the top film onto the diluent to prevent 
trapping air bubbles.

(5) Place the 3M Petrifilm Flat Spreader on the center of the 
plate. Press gently on the center of the spreader to distribute the 
diluent evenly. Spread the diluent over the entire 3M Petrifilm 
SALX Plate growth area before the gel is formed. Do not slide the 
spreader across the film.

(6) Remove the spreader and leave the 3M Petrifilm SALX Plate 
undisturbed for at least 1 min.

(7) Place 3M Petrifilm SALX Plate on a flat surface for at least 
1 h at room temperature (20–25°C/<60% RH), protected from light 
to allow the gel to form prior to use. Hydrated 3M Petrifilm SALX 

Table 2014.01C. Sample matrix and enrichment schemea

Sample matrix Sample size, g
Enrichment broth 

volume, mL
Enrichment 

time, h
Secondary enrichment 

time, h

Raw ground beef (80% lean) 25 225 18–24 8–24

Raw ground chicken 25 225 18–24 8–24

Raw ground pork 25 225 18–24 8–24

Frozen uncooked shrimp 25 225 18–24 8–24

Fresh bunched spinach 25 225 18–24 24

Stainless steel; environmental sponges 1 Sponge (4 × 4 in.) 225 18–24

Pasteurized liquid whole egg 100 900 18–24

Cooked breaded chicken 325 2925 18–24

Dry dog food 375 3375  18–24  

a AOAC RI Certificate No. 061301.
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Plates can be stored at room temperature (20–25°C/<60% RH) for up 
to 8 h before use if protected from light.

(8) If hydrated plates are not used within 8 h, store in a sealed 
plastic bag, protected from light, and store at –20 to –10°C for up 
to 5 days.

F.  3M Petrifilm Salmonella Express Plate Inoculation

(1) Remove the enrichment medium from the incubator and 
agitate contents by hand.

(2) Use a sterile 10 µL loop (3 mm diameter) to withdraw each 
sample. Use a smooth loop (one that does not have jagged edges 
and is not distorted) to prevent the gel surface from breaking.

(3) Open the 3M Petrifilm SALX Plate and streak onto the gel. 
Perform a single streak to obtain isolated colonies (Figure 2014.01).

(4) Roll down the top film to close the 3M Petrifilm SALX Plate.
(5) Using a gloved hand (while practicing GLP to avoid cross-

contamination and/or direct contact with the plate), gently apply a 
sweeping motion with even pressure onto the top film to remove 
any air bubbles in the inoculation area.

(6) Streak each enriched test portion onto a 3M Petrifilm SALX 
Plate and incubate at 41.5 ± 1°C for 24 ± 2 h in a horizontal position 
with the colored side up in stacks of no more than 20 plates.

Table 2014.01D. Interpretation for presumptive positive 
Salmonella species

Colony color Colony metabolism

ResultRed Dark red Brown  Yellow zone Gas bubble

√ √ Presumptive +

√ √ Presumptive +

√ √ √ Presumptive +

√ √ Presumptive +

√ √ Presumptive +

√ √ √ Presumptive +

√ √ Presumptive +

√ √ Presumptive +

  √  √ √ Presumptive +

G.  Confirmation of 3M Petrifilm Salmonella Express Plates

(1) Using a permanent ultra-fine tip marker, circle at least five 
presumptive positive colonies (red to brown colonies with a yellow 
zone or associated gas bubble, or both) on the plate top film (see 
Table 2014.01D).

(2) Lift the top film of the 3M Petrifilm SALX Plate and insert 
the 3M Petrifilm SALX Confirmation Disk by rolling it onto the 
gel to avoid entrapping air bubbles. Close the 3M Petrifilm SALX 
Plate. Using a gloved hand, gently apply a sweeping motion with 
even pressure onto the top film to remove any air bubbles in the 
inoculation area and ensure good contact between the gel and the 
3M Petrifilm SALX Confirmation Disk.

(3) Incubate the 3M Petrifilm SALX System (plate and disk) at 
41.5 ± 1°C for 4–5 h in a horizontal position, right side up, in stacks 
of no more than 20 plates.

(4) Observe circled colonies for color change. Red/brown 
to green blue, blue, dark blue, or black confirms the colony as 
Salmonella spp. No color change indicates the colony is negative. 
If presumptive positive Salmonella colonies are not present, then 
report the results as Salmonella not detected in the matrix.
Reference: J. AOAC Int. 97, 1563(2014) 
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FOOD BIOLOGICAL CONTAMINANTS

The 3M™ Petrifilm™ Salmonella Express (SALX) 
System is a simple, ready-to-use chromogenic 
culture medium system for the rapid qualitative 
detection and biochemical confirmation of 
Salmonella spp. in food and food process 
environmental samples. The 3M Petrifilm SALX 
System was compared using an unpaired study 
design in a multilaboratory collaborative study to 
the U.S. Department of Agriculture/Food Safety 
and Inspection Service (USDA/FSIS) Microbiology 
Laboratory Guidebook (MLG) 4.07 (2013) Isolation 
and Identification of Salmonella from Meat, Poultry, 
Pasteurized Egg and Catfish Products and Carcass 
and Environmental Sponges for raw ground 
beef and the U.S. Food and Drug Administration 
Bacteriological Analytical Manual (FDA/BAM) 
Chapter 5, Salmonella (2011) reference method for 
dry dog food following the current AOAC validation 
guidelines. For this study, a total of 17 laboratories 
located throughout the continental United States 
evaluated 1872 test portions. For the 3M Petrifilm 
SALX System, raw ground beef was analyzed using 
25 g test portions, and dry dog food was analyzed 
using 375 g test portions. For the reference methods, 
25 g test portions of each matrix were analyzed. 
The two matrices were artificially contaminated 
with Salmonella at three inoculation levels: an 
uninoculated control level (0 CFU/test portion), a 
low inoculum level (0.2–2 CFU/test portion), and a 
high inoculum level (2–5 CFU/test portion). Each 
inoculation level was statistically analyzed using 

the probability of detection statistical model. For the 
raw ground beef and dry dog food test portions, no 
significant differences at the 95% confidence interval 
were observed in the number of positive samples 
detected by the 3M Petrifilm SALX System versus 
either the USDA/FSIS-MLG or FDA/BAM methods.

In the last quarter century, significant efforts have been made 
to reduce the occurrence of Salmonella in food products, 
yet Salmonella spp. continues to be the most frequently 

reported cause of foodborne illness in the United States (1). Over 
2500 different serotypes of Salmonella spp. have been isolated 
from a wide range of food products including raw meats and 
poultry, shell eggs, chocolate, fresh fruit and vegetables, and 
low-moisture ingredients such as spices and peanut butter (2). 
This broad range of implicated products further illustrates why 
testing for and confirming the presence of Salmonella as rapidly 
as possible is so critical to food safety. The 3M™ Petrifilm™ 

Salmonella Express (SALX) System, a chromogenic culture 
medium system, uses a cold-water-soluble gelling agent to 
selectively differentiate Salmonella from background flora in 
enriched food and food process environmental samples.

The 3M Petrifilm SALX System allows for the rapid and 
specific detection and biochemical confirmation of Salmonella 
species from food and environmental samples. Following 
enrichment in 3M™ Salmonella Enrichment Base containing 
3M™ Salmonella Enrichment Supplement, the 3M Petrifilm 
SALX System can provide presumptive results in as little as 
40 h from low microbial background foods (<104 CFU/g) and 
48 h from high-microbial background foods (≥104 CFU/g). 
Confirmation of multiple presumptive Salmonella colonies at 
once is accomplished using the 3M™ Petrifilm™ Salmonella 
Express (SALX) Confirmation Disk which uses biochemical 
enzymes to facilitate the reaction. The method developer 
studies demonstrated that the 3M Petrifilm SALX System did 
not specifically differentiate some lactose-positive Salmonella 
species (primarily S. arizonae and S. diarizonae) from other 
lactose-positive organisms.

Prior to the collaborative study, the 3M Petrifilm SALX 
System was validated according to AOAC Validation 
Guidelines (3) in a harmonized AOAC Performance Tested 
MethodSM (PTM) study. The objective of the PTM study 
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was to demonstrate that the 3M Petrifilm SALX System 
detects Salmonella spp. in selected foods as claimed by the 
manufacturer. For the 3M Petrifilm SALX System evaluation, 
nine matrices were evaluated: raw ground beef (25 g), raw 
ground chicken (25 g), pasteurized liquid whole egg (100 g), 
raw ground pork (25 g), cooked chicken nuggets (325 g), frozen 
uncooked shrimp (25 g), fresh bunched spinach (25 g), dry dog 
food (375 g), and stainless steel.

All other PTM parameters (inclusivity, exclusivity, 
ruggedness, stability, and lot-to-lot variability) tested in the 
PTM studies satisfied the performance requirements for 
PTM approval. The method was awarded PTM certification 
No. 061301 on June 5, 2013.

The aim of this collaborative study was to compare the 3M 

Petrifilm SALX System to the U.S. Department of Agriculture 
(USDA) Food Safety Inspection Service (FSIS)/Microbiology 
Laboratory Guidebook (MLG) 4.07 (4) for raw ground beef, and 
the U.S. Food and Drug Administration (FDA) Bacteriological 
Analytical Manual (BAM) Chapter 5 (5) method for dry dog 
food.

Collaborative Study

Study Design

For this collaborative study, two matrices, raw ground beef 
(80% lean) and dry dog food, were evaluated. The matrices were 
obtained from local retailers and screened for the presence of 
Salmonella spp. by either the MLG or BAM reference methods. 
The raw ground beef was artificially contaminated with 
Salmonella Ohio Sequence Types 81 (University of Pennsylvania 
Culture Collection) and the dry dog food with Salmonella Poona 
National Collection of Type Cultures (NCTC) 4840. There were 
three inoculation levels for each matrix: a high inoculation level 
of approximately 2–5 CFU/test portion, a low inoculation level 
of approximately 0.2–2 CFU/test portion, and an uninoculated 
control level at 0 CFU/test portion. Twelve replicate samples 
from each of the three inoculation levels of product were 
analyzed by both the candidate and reference method. Two sets 
of unpaired samples (72 total) were sent to each laboratory for 
analysis by the 3M Petrifilm SALX System and either the MLG 
(raw ground beef) or BAM (dry dog food) reference method 
due to differences in enrichment protocols. For both matrices, 
collaborators were sent an additional 60 g test portion and 
instructed to conduct a total aerobic plate count (APC) using 
3M™ Petrifilm™ Aerobic Count Plate (AOAC Official Method 
990.12) on the day samples were received. Foods with an 
APC count of greater than or equal to 1.0 × 104 CFU/g were 
categorized as high microbial load foods, and those foods lower 
than 1.0 × 104 CFU/g were categorized as low microbial load. 
A detailed collaborative study packet outlining all necessary 
information related to the study including media preparation, 
method-specific test portion preparation, and documentation 
of results was sent to each collaborating laboratory prior to the 
initiation of the study.

Preparation of Inocula and Test Portions

The Salmonella cultures used in this evaluation were 
propagated in 10 mL Brain Heart Infusion (BHI) broth from a 
frozen stock culture stored at –70°C at Q Laboratories, Inc. The 

broth was incubated for 18–24 h at 35 ± 1°C. For both matrices, 
a bulk lot of each matrix was inoculated with a liquid inoculum 
and mixed thoroughly by hand-kneading to ensure an even 
distribution of microorganisms. Appropriate dilutions of the 
cultures were prepared based on previously established growth 
curves for both low and high inoculation levels, resulting in 
fractional positive outcomes for at least one level. For the dry 
pet food, prior to inoculation, the inoculum was heat-stressed 
in a 50°C water bath for 10 min to obtain a percent injury 
of 50–80% (as determined by plating onto selective xylose 
deoxycholate agar and nonselective tryptic soy agar). The 
degree of injury was estimated as:

100)1( x
n
n

nonselect

select−

where nselect = number of colonies on selective agar, and 
nnonselect = number of colonies on nonselective agar. The raw 
ground beef was inoculated on the day of shipment so that the 
organism had equilibrated within the matrix for 96 h before 
testing was initiated. Dry dog food was inoculated and held 
at room temperature (24 ± 2°C) so that the organism would 
have equilibrated for a minimum of 2 weeks prior to initiation 
of testing. The shipment and hold times of the inoculated 
test material were verified as a QC measure prior to study 
initiation. For the evaluation of the raw ground beef, the bulk 
lot of inoculated test material was divided into 30 g portions for 
shipment to the collaborators. For the evaluation of the dry dog 
food, 25 g of inoculated test product was mixed with 350 g of 
uninoculated test product for shipment to the collaborators for 
the analysis by the 3M Petrifilm SALX System. For analysis 
by the reference methods, collaborators received 30 g portions. 
Validation criterion were satisfied when inoculated test portions 
produced fractional recovery of the spiked organism, defined 
as either the reference or candidate method yielding 25–75% 
positive results.

To determine the level of Salmonella spp. in the matrices, 
a five-tube most probable number (MPN) was conducted at 
Q Laboratories, Inc. on the day of initiation of analysis using 
the BAM Chapter 5 reference method for dry dog food or the 
MLG 4.07 reference method for raw ground beef. From both 
the high and low inoculated levels, five 100 g test portions, the 
reference method test portions from the collaborating laboratories, 
and five 10 g test portions were analyzed following the appropriate 
reference method. The MPN and 95% confidence intervals were 
calculated from the high, medium, and low levels using the Least 
Cost Formulations (LCF) MPN Calculator , Version 1.6, provided 
by AOAC (www.lcfltd.com/customer/LCFMPNCalculator.exe; 
6). Confirmation of the samples was conducted according to the 
appropriate reference method, dependent on the matrix.

Test Portion Distribution

All samples were labeled with a randomized, blind-coded 
three digit number affixed to the sample container. Test portions 
were shipped on a Thursday via overnight delivery according to 
the Category B Dangerous Goods shipment regulations set forth 
by International Air Transport Association. Raw ground beef 
samples were packed with cold packs to target a temperature 
of <7°C during shipment. Upon receipt, samples were held by 
the collaborating laboratory at refrigerated temperature (3–5°C) 
until the following Monday when analysis was initiated. Dry dog 

http://www.lcfltd.com/customer/LCFMPNCalculator.exe


Bird et al.: Journal of aoaC international Vol. 97, no. 6, 2014 1565

food samples were packed and shipped at ambient temperature. 
Upon receipt, samples were held by the collaborating laboratory 
at room temperature (24 ± 2°C). In addition to each of the test 
portions and the total plate count replicate, collaborators also 
received a test portion for each matrix labeled as “temperature 
control.” Participants were instructed to record the temperature 
of this portion upon receipt of the shipment, document results 
on the Sample Receipt Confirmation form provided, and fax 
to the Study Director. For both matrices, several shipments 
were delayed from getting to the testing facilities on time due 
to inclement weather. Upon receiving their packages on either 
Saturday or Monday, the testing laboratories were instructed 
to document the temperature of the samples and to continue 
testing. No laboratories were solely excluded from testing due 
to the delay in package receipt.

Test Portion Analysis

Collaborators followed the appropriate preparation and 
analysis protocol according to the method specified for each 
matrix. For both matrices, each collaborator received 72 
test portions of each food product (12 high, 12 low, and 12 
controls for each method). For the analysis of the raw ground 
beef test portions by the 3M Petrifilm SALX System, a 25 g 
portion was enriched with 225 mL of prewarmed (41.5 ± 1°C) 
3M Salmonella Enrichment Base containing 3M Salmonella 
Enrichment Supplement (50 mg/L), homogenized for 2 min, and 
incubated for 18–24 h at 41.5 ± 1°C. For the dry dog food test 
portions analyzed by the 3M Petrifilm SALX System, a 375 g 
portion was enriched with 3375 mL prewarmed (41.5 ± 1°C) 
3M Salmonella Enrichment Base containing 3M Salmonella 
Enrichment Supplement (50 mg/L), homogenized for 2 min, 
and incubated for 18–24 h at 41.5 ± 1°C.

Following enrichment of raw ground beef samples, the 
enrichment protocol for high microbial load foods was followed 
where a 0.1 mL aliquot of each test portion was transferred 
into 10.0 mL Rappaport-Vassiliadis R10 (R-V R10) broth 
and incubated for 8–24 h at 41.5 ± 1°C. After incubation, a 
loopful of the secondary enrichment was streaked directly 
onto hydrated 3M Petrifilm SALX Plates and incubated for 
24 ± 2 h at 41.5 ± 1°C. For dry dog food samples, the enrichment 
protocol for low microbial load foods was followed where a 
loopful of the primary enrichment was streaked directly onto 
hydrated 3M Petrifilm SALX Plates and incubated for 24 ± 2 h 
at 41.5 ± 1°C. For both matrices, the 3M Petrifilm SALX Plates 
were examined for typical colonies (red to brown colony with a 
yellow zone or associated gas bubble, or both).

Typical colonies were circled on the plate top film using a fine 
tip permanent black marker. The top of the 3M Petrifilm SALX 
Plate was lifted and a 3M Petrifilm SALX Confirmation Disk was 
placed onto the gel. The film was lowered and air bubbles were 
removed using a sweeping motion. The plates were incubated 
for 4–5 h at 41.5 ± 1°C. After incubation, the circled colonies 
were observed for color change: red/brown to green blue, blue, 
dark blue, or black. Typical colonies were transferred to triple 
sugar iron/lysine iron agar (TSI/LIA) slants and confirmed 
following the standard reference methods. Additionally, for each 
matrix analyzed by the 3M Petrifilm SALX System, aliquots 
of the primary enrichment were transferred to the secondary 
enrichments and confirmed following procedures outlined in the 
MLG or BAM. 

Both test portion sizes analyzed by the 3M Petrifilm SALX 
System were compared to samples (25 g) analyzed using either 
the MLG or BAM reference method in an unpaired study 
design. All positive test portions were biochemically confirmed 
by the API 20E biochemical test, AOAC Official Method 978.24 
or by the VITEK 2 GN identification test, AOAC Official 
Method 2011.17. The biochemical method was determined by 
each individual participating laboratory based on their current 
method used for confirmation of routine samples. Serological 
testing, Group  Poly O A-I & Vi and Poly H latex agglutination, 
was also performed.

Statistical Analysis

Each collaborating laboratory recorded results for the 
reference method and the 3M Petrifilm SALX System on the 
data sheets provided in the collaborative study outline or the 
electronic spreadsheet created as a result of multiple requests 
for electronic data entry. The data sheets were submitted to the 
Study Director at the end of each week of testing for analysis. 
The results of each test portion for each sample were compiled 
by the Study Director and the qualitative 3M Petrifilm SALX 
System results were compared to the reference methods for 
statistical analysis. Data for each test portion size were analyzed 
using the probability of detection (POD) statistical model (3, 7). 
A confidence interval of a dLPOD (difference between the 
POD of the reference and candidate method) not containing the 
point zero would indicate a statistically significant difference 
between the 3M Petrifilm SALX System and the MLG or 
BAM reference methods at the 5% probability level (8). In 
addition to calculating the POD for each inoculation level, the 
repeatability standard deviation, among-laboratory standard 
deviation, reproducibility standard deviation, and a P-value 
for homogeneity were calculated. For the collaborative study, 
the 3M Petrifilm SALX System produced 479 presumptive 
positive results with 475 confirming positive by the traditional 
confirmation and 473 confirming positive by the alternative 
confirmation. There were 468 confirmed positives by the 
reference method.

AOAC Official Method 2014.01
Salmonella in Selected Foods  

3M™ Petrifilm™ Salmonella Express System
First Action 2014

[Applicable to detection of Salmonella spp. in raw ground 
beef (25 g), raw ground chicken (25 g), pasteurized liquid whole 
egg (100 g), raw ground pork (25 g), cooked chicken nuggets 
(325 g), frozen uncooked shrimp (25 g), fresh bunched spinach 
(25 g), dry dog food (375 g), and stainless steel. Not applicable 
to some lactose-positive Salmonella species.]

See Tables 2014.01A and B for results of the interlaboratory 
study supporting acceptance of the method. See Appendix 
available on the J. AOAC Int. website for detailed tables of 
results of the collaborative study.

Caution:  Do not use the 3M Petrifilm SALX System method 
in the diagnosis of conditions in humans or animals. 
To reduce the risks associated with exposure to 
chemicals and biohazards, perform pathogen 
testing in a properly equipped laboratory under 
the control of trained personnel. Always follow 
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standard good laboratory safety practices (GLP), 
including proper containment procedures, and 
wearing appropriate protective apparel and eye 
protection while handling testing materials and 
test samples. Avoid direct contact with the contents 
of the enrichment medium and inoculated plates. 
Dispose of enrichment media and inoculated plates 
according to all applicable government regulatory 
regulations and applicable laboratory procedures. 
Wear appropriate protective apparel while handling 
the 3M Petrifilm SALX Plate as some of the 
components may be considered allergenic and 
irritants to some individuals.

     To reduce the risks associated with environmental 
contamination, follow current industry standards and 
local regulations for disposal of contaminated waste. 
Consult the Material Safety Data Sheet for additional 
information. For questions about specific applications 

or procedures, visit www.3M.com/foodsafety or 
contact your local 3M representative or distributor. 
Review the policies recommend by the Centers 
for Disease Control and Prevention on dealing 
with pathogens (http://www.cdc.gov/biosafety/
publications/bmbl5/BMBL.pdf).

A. Principle

The 3M Petrifilm SALX System is a chromogenic culture 
medium system that is intended for the rapid and specific 
detection and biochemical confirmation of Salmonella spp. 
from food and food process environmental samples. After 
enrichment in prewarmed 3M Salmonella Enrichment Base 
with 3M Salmonella Enrichment Supplement, the 3M Petrifilm 
SALX System provides presumptive positive results in as little 
as 40 h from low microbial background foods (<104 CFU/g) 
and 48 h from high microbial foods (≥104 CFU/g). The 3M 

Table 2014.01A. Summary of results for detection of Salmonella in raw ground beef (25 g)

Methoda
3M Petrifilm Salmonella Express System  

with alternative confirmation
3M Petrifilm Salmonella Express System  

with traditional confirmation

Inoculation level Uninoculated Low High  Uninoculated Low High

Candidate presumptive positive/ 
total No. of samples analyzed

2/168 85/168 168/168 2/168 85/168 168/168

Candidate presumptive POD (CP) 0.01 (0.00, 0.04) 0.51 (0.43, 0.58) 1.00 (0.98, 1.00) 0.01 (0.00, 0.04) 0.51 (0.43, 0.58) 1.00 (0.98, 1.00)

sr
b 0.11 (0.10, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15) 0.11 (0.10, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15)

sL
c 0.00 (0.00, 0.04) 0.00 (0.00, 0.13) 0.00 (0.00, 0.15) 0.00 (0.00, 0.04) 0.00 (0.00, 0.13) 0.00 (0.00, 0.15)

sR
d 0.11 (0.10, 0.12) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21) 0.11 (0.10, 0.12) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21)

P-valuee 0.5158 0.9341 1.0000  0.5158 0.9341 1.0000

Candidate confirmed positive/ 
total No. of samples analyzed

0/168 83/168 168/168 1/168 83/168 168/168

Candidate confirmed POD (CC) 0.00 (0.00, 0.02) 0.49 (0.42, 0.57) 1.00 (0.98, 1.00) 0.01 (0.00, 0.03) 0.49 (0.42, 0.57) 1.00 (0.98, 1.00)

sr 0.00 (0.00, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15) 0.08 (0.07, 0.15) 0.51 (0.46, 0.52) 0.00 (0.00, 0.15)

sL 0.00 (0.00, 0.15) 0.00 (0.00, 0.11) 0.00 (0.00, 0.15) 0.00 (0.00, 0.03) 0.00 (0.00, 0.11) 0.00 (0.00, 0.15)

sR 0.00 (0.00, 0.21) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21) 0.08 (0.07, 0.09) 0.51 (0.47, 0.52) 0.00 (0.00, 0.21)

P-value 1.0000 0.9757 1.0000  0.4418 0.9757 1.0000

Positive reference samples/ 
total No. of samples analyzed

0/168 86/168 167/168 0/168 86/168 167/168

Reference POD 0.00 (0.00, 0.02) 0.51 (0.43, 0.59) 0.99 (0.97, 1.00) 0.00 (0.00, 0.02) 0.51 (0.43, 0.59) 0.99 (0.97, 1.00)

sr 0.00 (0.00, 0.15) 0.51 (0.46, 0.52) 0.08 (0.07, 0.15) 0.00 (0.00, 0.15) 0.51 (0.46, 0.52) 0.08 (0.07, 0.15)

sL 0.00 (0.00, 0.15) 0.00 (0.00, 0.12) 0.00 (0.00, 0.03) 0.00 (0.00, 0.15) 0.00 (0.00, 0.12) 0.00 (0.00, 0.03)

sR 0.00 (0.00, 0.21) 0.51 (0.47, 0.52) 0.08 (0.07, 0.09) 0.00 (0.00, 0.21) 0.51 (0.47, 0.52) 0.08 (0.07, 0.09)

P-value 1.0000 0.9695 0.4418  1.0000 0.9695 0.4418

dLPOD (candidate vs reference)f 0.00 (–0.02, 0.02) –0.02 (–0.13, 0.09) 0.01 (–0.02, 0.03) 0.01 (–0.02, 0.03) –0.02 (–0.13, 0.09)0.01 (–0.02, 0.03)

dLPOD (candidate presumptive  
  vs candidate confirmed)f

0.01 (–0.01, 0.04) 0.01 (–0.10, 0.12) 0.00 (–0.02, 0.02)   0.01 (–0.02, 0.04) 0.01 (–0.10, 0.12) 0.00 (–0.02, 0.02) 

a Results include 95% confidence intervals.
b Repeatability standard deviation.
c Among-laboratory standard deviation.
d Reproducibility standard deviation.
e P-value = Homogeneity test of laboratory PODs.
f A confidence interval for dLPOD that does not contain the value 0 indicates a statistical significant difference between the two methods.

http://www.3m.com/foodsafetyor
http://www.3m.com/foodsafetyor
http://www.cdc.gov/biosafety/publications/bmbl5/BMBL.pdf
http://www.cdc.gov/biosafety/publications/bmbl5/BMBL.pdf
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Petrifilm SALX System does not specifically differentiate some 
lactose-positive Salmonella species (primarily S. arizonae and 
S. diarizonae) from other lactose-positive organisms. Refer to the 
3M Petrifilm Salmonella Express System Instructions for Use for 
additional information.

B. Apparatus and Reagents

(a) 3M Petrifilm Salmonella Express Plate.—Twenty-five 
plates/pouch (3M Food Safety, St. Paul, MN).

(b) 3M Petrifilm Salmonella Express Confirmation Disk.—
Five disks/pouch (3M Food Safety).

(c) 3M Salmonella Enrichment Base.—500 g or 2.5 kg/bottle 
(3M Food Safety).

(d) 3M Salmonella Enrichment Supplement.—1 g/vial (3M 
Food Safety).

(e) 3M™ Petrifilm™ Flat Spreader.—Two spreaders/box (3M 
Food Safety).

(f) 3M Rappaport-Vassiliadis R10 (R-V R10) Broth.—500 g/bottle 
(3M Food Safety).

(g) Sterile diluents.—Butterfield’s Phosphate Diluent, 
distilled water, or reverse osmosis water.

(h) Sterile 10 µL inoculation loop.
(i) Pipet.—Capable of dispensing 2 mL.
(j) Pipettor.—Capable of dispensing 100 µL.
(k) Sterile pipet tips.—Capable of 100 µL.
(l) Filter stomacher bags.—Seward Laboratory Systems 

Inc., Bohemia, NY, or equivalent.
(m) Stomacher.—Seward Laboratory Systems Inc., or 

equivalent.
(n) Permanent ultra-fine tipped marker.—For circling 

presumptive positive colonies on the 3M Petrifilm Salmonella 
Express Plate.

(o) Incubators.—Capable of maintaining 41.5 ± 1°C.
(p) Freezer.—Capable of maintaining –10 to –20°C, for 

storing opened 3M Petrifilm Salmonella Express Plate pouches, 

Table 2014.01B. Summary of results for detection of Salmonella in dry dog food (375 g)

Methoda
3M Petrifilm Salmonella Express System  

with alternative confirmation
3M Petrifilm Salmonella Express System  

with traditional confirmation

Inoculation level Uninoculated Low High  Uninoculated Low High

Candidate presumptive positive/ 
total No. of samples analyzed

0/144 82/144 142/144 0/144 82/144 142/144

Candidate presumptive POD (CP) 0.00 (0.00, 0.03) 0.57 (0.48, 0.66) 0.99 (0.95, 1.00) 0.00 (0.00, 0.03) 0.57 (0.48, 0.66) 0.99 (0.95, 1.00)

sr
b 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.12 (0.11, 0.16) 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.12 (0.11, 0.16)

sL
c 0.00 (0.00, 0.16) 0.08 (0.00, 0.24) 0.00 (0.00, 0.04) 0.00 (0.00, 0.16) 0.08 (0.00, 0.24) 0.00 (0.00, 0.04)

sR
d 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.12 (0.11, 0.13) 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.12 (0.11, 0.13)

P-valuee 1.0000 0.2242 0.9861  1.0000 0.2242 0.9861

Candidate confirmed positive/ 
total No. of samples analyzed

0/144 81/144 141/144 0/144 82/144 141/144

Candidate confirmed POD (CC) 0.00 (0.00, 0.03) 0.56 (0.46, 0.66) 0.98 (0.94, 0.99) 0.00 (0.00, 0.03) 0.57 (0.48, 0.67) 0.98 (0.94, 0.99)

sr 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.14 (0.12, 0.16) 0.00 (0.00, 0.16) 0.49 (0.43, 0.52) 0.14 (0.12, 0.16)

sL 0.00 (0.00, 0.16) 0.10 (0.00, 0.26) 0.03 (0.00, 0.08) 0.00 (0.00, 0.16) 0.11 (0.00, 0.27) 0.03 (0.00, 0.08)

sR 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.14 (0.13, 0.17) 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.14 (0.13, 0.17)

P-value 1.0000 0.1290 0.0976  1.0000 0.1114 0.0976

Positive reference samples/ 
total No. of samples analyzed

0/144 71/144 144/144 0/144 71/144 144/144

Reference POD 0.00 (0.00, 0.03) 0.49 (0.39, 0.59) 1.00 (0.97, 1.00) 0.00 (0.00, 0.03) 0.49 (0.39, 0.59) 1.00 (0.97, 1.00)

sr 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.00 (0.00, 0.16) 0.00 (0.00, 0.16) 0.49 (0.44, 0.52) 0.00 (0.00, 0.16)

sL 0.00 (0.00, 0.16) 0.10 (0.00, 0.26) 0.00 (0.00, 0.16) 0.00 (0.00, 0.16) 0.10 (0.00, 0.26) 0.00 (0.00, 0.16)

sR 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.00 (0.00, 0.22) 0.00 (0.00, 0.22) 0.50 (0.45, 0.52) 0.00 (0.00, 0.22)

P-value 1.0000 0.1550 1.0000  1.0000 0.1550 1.0000

dLPOD (C vs R)f 0.00 (–0.03, 0.03) 0.07 (–0.07, 0.21) –0.02 (–0.06, 0.01) 0.00 (–0.03, 0.03) 0.08 (–0.07, 0.22) –0.02 (–0.06, 0.01)

dLPOD (CP vs CC)f 0.00 (–0.03, 0.03) 0.01 (–0.18, 0.22) 0.01 (–0.03, 0.05)  0.00 (–0.03, 0.03) 0.00 (–0.14, 0.14) 0.01 (–0.03, 0.05)

a Results include 95% confidence intervals.
b Repeatability standard deviation.
c Among-laboratory standard deviation.
d Reproducibility standard deviation.
e P-value = Homogeneity test of laboratory PODs.
f A confidence interval for dLPOD that does not contain the value 0 indicates a statistical significant difference between the two methods.
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hydrated 3M Petrifi lm SALX Plates, and 3M Petrifi lm SALX 
Plates after incubation.

(q) Refrigerator.—Capable of maintaining 2–8°C for storing 
unopened 3M Petrifi lm SALX Plates and 3M Petrifi lm SALX 
Confi rmation Disk.

C. General Instructions

(a) Store 3M Petrifi lm SALX Plates and 3M Petrifi lm SALX 
Confi rmation Disks at 2–8°C. After opening the 3M Petrifi lm 
SALX Plate pouches, seal the pouch and store at ambient 
temperature, less than 60% relative humidity (RH). Hydrated 
3M Petrifi lm SALX Plates can be stored up to 7 days at 2–8°C. 
Post-incubation 3M Petrifi lm SALX Plates can be stored at 
–10 to –20°C for up to 3 days. Hydrate the 3M Petrifi lm SALX 
Plates with 2.0 ± 0.1 mL sterile diluent. Do not allow the top 
fi lm to close before dispensing the entire 2.0 mL volume. Gently 
roll down the top fi lm onto the diluent to prevent trapping air 
bubbles. Place the 3M Petrifi lm Flat Spreader on the center of the 
plate. Press gently on the center of the spreader to distribute the 
diluent evenly. Spread the diluent over the entire 3M Petrifi lm 
SALX Plate. Remove the spreader and leave the 3M Petrifi lm 
SALX Plate undisturbed for 1 min. Prior to use, place the plates 
on a fl at surface for 1 h at room temperature (20–25°C/<60% 
RH) and protected from light to allow the gel to form. Hydrated 
plates can be stored at room temperature (20–25°C/<60% RH) 
protected from light for up to 8 h before use.

(b) Follow all instructions carefully. Failure to do so may 
lead to inaccurate results.

(c) After use, the enrichment medium and the 3M Petrifi lm 
SALX Plates and 3M Petrifi lm SALX Confi rmation Disks 
can potentially contain pathogenic materials. When testing is 
complete, follow current industry standards for the disposal of 
contaminated waste. Consult the Material Safety Data Sheet for 
additional information and local regulations for disposal.

D. Sample Enrichment

(1) Prewarm 3M Salmonella Enrichment Base with 3M 
Salmonella Enrichment Supplement (50 mg/L) to 41.5 ± 1°C.

(2) Aseptically combine the enrichment medium and sample 
following Table 2014.01C. For all meat and highly particulate 
samples, the use of fi lter bags is recommended. Homogenize 
thoroughly for 2 min and incubate at 41.5 ± 1°C for 18–24h.

(a) Foods with high microbial backgrounds (≥104 CFU/g).—
Transfer 0.1 mL of the primary enrichment into 10.0 mL 
R-V R10 broth. Incubate for 8–24 h at 41.5 ± 1°C.

(b) Foods with low microbial backgrounds (<104 CFU/g).—
Proceed to 3M Petrifi lm SALX Plate preparation as described 
in E.

E. Preparation of the 3M Petrifi lm Salmonella 
Express Plates

(1) Place the 3M Petrifi lm SALX Plate on a fl at, level 
surface.

(2) Use prescribed diluents to hydrate the 3M Petrifi lm 
SALX Plates: Butterfi eld’s Phosphate Diluent, distilled water, 
or reverse osmosis water.

(3) Lift the top fi lm and with the pipet perpendicular dispense 
2.0 ± 0.1 mL sterile diluent onto the center of bottom fi lm. Do not 
close the top fi lm before dispensing the entire 2.0 mL volume.

(4) Gently roll down the top fi lm onto the diluent to prevent 
trapping air bubbles.

(5) Place the 3M Petrifi lm Flat Spreader on the center of the 
plate. Press gently on the center of the spreader to distribute the 
diluent evenly. Spread the diluent over the entire 3M Petrifi lm 
SALX Plate growth area before the gel is formed. Do not slide 
the spreader across the fi lm.

Table 2014.01C. Sample matrix and enrichment schemea

Sample matrix
Sample size, 

g
Enrichment broth volume, 

mL
Enrichment time, 

h
Secondary enrichment 

time, h

Raw ground beef (80% lean) 25 225 18–24 8–24

Raw ground chicken 25 225 18–24 8–24

Raw ground pork 25 225 18–24 8–24

Frozen uncooked shrimp 25 225 18–24 8–24

Fresh bunched spinach 25 225 18–24 24

Stainless steel; environmental sponges 1 Sponge (4 × 4 in.) 225 18–24

Pasteurized liquid whole egg 100 900 18–24

Cooked breaded chicken 325 2925 18–24

Dry dog food 375 3375  18–24  

a AOAC RI Certifi cate No. 061301.

 

Figure 2014.01. Streaking pattern on the 3M Petrifilm Salmonella Express Plate. 
 

Figure 2014.01. Streaking pattern on the 3M Petrifi lm SALX Plate.
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(6) Remove the spreader and leave the 3M Petrifilm SALX 
Plate undisturbed for at least 1 min.

(7) Place 3M Petrifilm SALX Plate on a flat surface for at least 
1 h at room temperature (20–25°C/<60% RH), protected from light 
to allow the gel to form prior to use. Hydrated 3M Petrifilm SALX 
Plates can be stored at room temperature (20–25°C/<60% RH) for 
up to 8 h before use if protected from light.

(8) If hydrated plates are not used within 8 h, store in a sealed 
plastic bag, protected from light, and store at –20 to –10°C for 
up to 5 days.

F. 3M Petrifilm Salmonella Express Plate Inoculation

(1) Remove the enrichment medium from the incubator and 
agitate contents by hand.

(2) Use a sterile 10 µL loop (3 mm diameter) to withdraw 
each sample. Use a smooth loop (one that does not have jagged 
edges and is not distorted) to prevent the gel surface from 
breaking.

(3) Open the 3M Petrifilm SALX Plate and streak onto 
the gel. Perform a single streak to obtain isolated colonies 
(Figure 2014.01).

(4) Roll down the top film to close the 3M Petrifilm SALX 
Plate.

(5) Using a gloved hand (while practicing GLP to avoid 
cross-contamination and/or direct contact with the plate), gently 
apply a sweeping motion with even pressure onto the top film to 
remove any air bubbles in the inoculation area.

(6) Streak each enriched test portion onto a 3M Petrifilm 
SALX Plate and incubate at 41.5 ± 1°C for 24 ± 2 h in a 
horizontal position with the colored side up in stacks of no more 
than 20 plates.

G. Confirmation of 3M Petrifilm Salmonella Express 
Plates

(1) Using a permanent ultra-fine tip marker, circle at least 
five presumptive positive colonies (red to brown colonies with 
a yellow zone or associated gas bubble, or both) on the plate top 
film (see Table 2014.01D).

(2) Lift the top film of the 3M Petrifilm SALX Plate and 
insert the 3M Petrifilm SALX Confirmation Disk by rolling 
it onto the gel to avoid entrapping air bubbles. Close the 3M 

Petrifilm SALX Plate. Using a gloved hand, gently apply a 
sweeping motion with even pressure onto the top film to remove 
any air bubbles in the inoculation area and ensure good contact 
between the gel and the 3M Petrifilm SALX Confirmation Disk.

(3) Incubate the 3M Petrifilm SALX System (plate and disk) 
at 41.5 ± 1°C for 4–5 h in a horizontal position, right side up, in 
stacks of no more than 20 plates.

(4) Observe circled colonies for color change. Red/brown 
to green blue, blue, dark blue, or black confirms the colony 
as Salmonella spp. No color change indicates the colony is 
negative. If presumptive positive Salmonella colonies are not 
present, then report the results as Salmonella not detected in 
the matrix.

(5) Transfer typical colonies from 3M Petrifilm SALX Plate 
to TSI/LIA slants. Incubate 35 ± 1°C for 24 ± 2 h.

(6) Confirm a minimum of one typical colony per test 
portion with biochemical/serological procedures prescribed by 
the current versions of the USDA/FSIS-MLG or FDA/BAM 
reference methods.

Results of Collaborative Study

In this collaborative study, the 3M Petrifilm SALX System 
was compared to the USDA/FSIS-MLG 4.07 reference method 
for raw ground beef and to the FDA/BAM Chapter 5 reference 
method for dry dog food. A total of 17 laboratories throughout 
the United States participated in this study, with 15 laboratories 
submitting data for the raw ground beef and 14 laboratories 
submitting data for the dry dog food as presented in Table 1. 
Results of the heat stress analysis for the dry dog food inocula 
are presented in Table 2. Each laboratory analyzed 36 test 
portions for each method: 12 inoculated with a high level of 
Salmonella, 12 inoculated with a low level of Salmonella, and 
12 uninoculated controls. A background screen of the matrix 
indicated an absence of indigenous Salmonella species. As 
per criteria outlined in Appendix J of the AOAC Validation 
Guidelines, fractional positive results were obtained for both 
matrices. For each matrix, the actual level of Salmonella was 
determined by MPN determination on the day of initiation 
of analysis by the coordinating laboratory. The individual 
laboratory and sample results are presented in Tables 3–4. 
Tables 2014.01A and B summarize the collaborative study 
results for each matrix tested, including POD statistical 
analysis (7). Detailed results for each laboratory are presented 
in Appendix Tables 1–4 and Appendix Figures 1–8. The result 
for each collaborating laboratory’s APC analysis for each matrix 
is presented in Appendix Table 5.

Raw Ground Beef (25 g Test Portions)

Raw ground beef test portions were inoculated at low and 
high levels and were analyzed (Table 3) for the detection of 
Salmonella spp. Uninoculated controls were included in each 
analysis. Seventeen laboratories participated in the analysis of 
this matrix and the results of 14 laboratories were included in 
the statistical analysis. Laboratories 4, 6, and 9 reported that 
there were specific protocol deviations and therefore results 
from these laboratories were excluded from statistical analysis. 
The MPNs obtained for this matrix, with 95% confidence 
intervals, were 0.77 MPN/test portion (0.57, 0.88) for the 
low level and 4.67 MPN/test portion (3.38, 6.44) for the high 

Table 2014.01D. Interpretation for presumptive positive 
Salmonella species

Colony color Colony metabolism

ResultRed Dark red Brown  Yellow zone Gas bubble

√ √ Presumptive +

√ √ Presumptive +

√ √ √ Presumptive +

√ √ Presumptive +

√ √ Presumptive +

√ √ √ Presumptive +

√ √ Presumptive +

√ √ Presumptive +

  √  √ √ Presumptive +
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level. For the 3M Petrifilm SALX System, one test portion 
was confirmed positive by the traditional confirmation that was 
confirmed negative by the alternative confirmation. For all other 
test portions, no difference was observed between confirmation 
of samples using the alternative confirmation procedure and the 
traditional reference method confirmation procedure.

For the high level, 168 out of 168 test portions were reported 
as presumptive positive by the 3M Petrifilm SALX System with 
all test portions confirming positive by both the traditional and 
alternative confirmation methods. For the low level, 85 out of 168 
test portions were reported as presumptive positive by the 3M 
Petrifilm SALX System, with 83 test portions confirming positive 
by both the traditional and alternative confirmation procedures. 
For the uninoculated controls, 2 out of 168 samples produced a 
presumptive positive result by the 3M Petrifilm SALX System 
method with one of the two presumptive positive samples 
confirming positive by the traditional reference method. All other 
test portions were negative. For test portions analyzed by the 
USDA/FSIS-MLG method, 167 out of 168 high inoculum and 
86 out of 168 low inoculum test portions confirmed positive. For 

the uninoculated controls, 0 out of 168 test portions confirmed 
positive.

For the low-level inoculum, a dLPODC value of –0.02 (–0.13, 
0.09) was obtained between the 3M Petrifilm SALX System 
using both confirmatory procedures and the USDA/FSIS-MLG 
method. The confidence intervals obtained for dLPODC 
indicated no significant difference between the two methods. 
A dLPODCP of 0.01 (–0.10, 0.12) was obtained between 
presumptive and confirmed 3M Petrifilm SALX System results 
for both confirmation procedures. The confidence intervals 
obtained for dLPODCP indicated no significant difference 
between the presumptive and confirmed results.

For the high-level inoculum, a dLPODC value of 0.01 (–0.02, 
0.03) was obtained between the 3M Petrifilm SALX System 
using both confirmatory procedures and the USDA/FSIS-MLG 
method. The confidence intervals obtained for dLPODC 
indicated no significant difference between the two methods. 
A dLPODCP of 0.00 (–0.02, 0.02) was obtained between 
presumptive and confirmed 3M Petrifilm SALX System results 
for both confirmation procedures. The confidence intervals 
obtained for dLPODCP indicated no significant difference 
between the presumptive and confirmed results.

For the uninoculated control level, dLPODC values of 0.01 
(–0.02, 0.03) and 0.00 (–0.02, 0.02) were obtained between 
the 3M Petrifilm SALX System using the traditional and 
alternative confirmation procedures, respectively, and the 
USDA/FSIS-MLG method. The confidence intervals obtained 
for dLPODC indicated no significant difference between the two 
methods. A dLPODCP of 0.01 (–0.02, 0.04) and 0.01 (–0.01, 0.04) 
was obtained between presumptive and confirmed 3M Petrifilm 
SALX System results using the traditional and alternative 
confirmation procedures, respectively. The confidence intervals 
obtained for dLPODCP indicated no significant difference 
between the presumptive and confirmed results. Results of the 
POD statistical analysis are presented in Table 2014.01A and 
Appendix Tables 1–2 and Appendix Figures 1–4.

Dry Dog Food (375 g Test Portions)

Dry dog food test portions were inoculated at low and high 
levels and were analyzed (Table 4) for the detection of Salmonella 
spp. Uninoculated controls were included in each analysis. 
Sixteen laboratories participated in the analysis of this matrix and 
the results of 12 of the laboratories were included in the statistical 
analysis. Two laboratories, 4 and 6, were unable to initiate sample 
testing at the start of the evaluation due to equipment malfunction 
or a delay in receiving their samples and therefore did not analyze 
any test portions. Two additional laboratories, 2 and 14, reported 
deviations from the testing protocol and therefore results from 
these laboratories were excluded from statistical analysis. The 
MPN obtained for this matrix, with 95% confidence intervals, 
were 0.69 MPN/test portion (0.54, 0.86) for the low level and 
5.42 MPN/test portion (3.53, 8.30) for the high level. For the 3M 
Petrifilm SALX System, one test portion was confirmed positive 
by the traditional confirmation that was confirmed negative by the 
alternative confirmation. For all other test portions, no difference 
was observed between confirmation of samples using the 
alternative confirmation procedure and the traditional reference 
method confirmation procedure.

For the high level, 142 out of 144 test portions were reported 
as presumptive positive by the 3M Petrifilm SALX System with 

Table 2. Heat-stress injury results

Matrix Test organisma

CFU/XLD 
(selective  

agar)

CFU/TSA  
(Non-selective 

agar)
Degree  
injury

Dry dog food 
 

Salmonella 
Poona NCTC 

4840

3.0 × 108 

 
9.0 × 108 

 
77.7% 

 

a NCTC = National Collection of Type Cultures.

Table 1. Participation of each collaborating laboratorya

Lab
Raw ground beef  

(25 g test portions)
Dry dog food  

(375 g test portions)

1 Y Y

2 Y Yb

3 Y Y

4 Yb Yb

5 Y Y

6 Yb Yb

7 Y Y

8 Y Y

9 Yb Y

10 Y Y

11 Y Y

12 Y Y

13 Y Y

14 Y Yb

15 Y Y

16 Y Y

17 Y N
a  Y = Collaborator analyzed the food type and N = collaborator did not 

analyze the food type.
b  Results were not used in statistical analysis due to deviation of testing 

protocol or laboratory error.
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141 test portions confirming positive by both the traditional and 
alternative confirmation methods. For the low level, 82 out of 
144 test portions were reported as presumptive positive by the 
3M Petrifilm SALX System, with 82 test portions confirming 
positive by the traditional confirmation procedure and 81 test 
portions confirming positive by the alternative confirmation 
procedure. For the uninoculated controls, 0 out of 144 samples 
produced a presumptive positive result by the 3M Petrifilm 
SALX System method with 0 samples confirming positive 
by the traditional reference method. All other test portions 
were negative. For test portions analyzed by the FDA/BAM 
Chapter 5 Method, 144 out of 144 high inoculum and 71 out 
of 144 low inoculum test portions confirmed positive. For the 
uninoculated controls, 0 out of 144 test portions confirmed 
positive.

For the low-level inoculum, a dLPODC value of 0.08 (–0.07, 
0.22) and 0.07 (–0.07, 0.21) was obtained between the 3M Petrifilm 
SALX System with the traditional confirmation and alternative 
confirmation procedures, respectively, and the FDA/BAM 
method. The confidence intervals obtained for dLPODC indicated 
no significant difference between the two methods.

A dLPODCP of 0.00 (–0.14, 0.14) and 0.01 (–0.18, 0.22) was 
obtained between presumptive and confirmed 3M Petrifilm 
SALX System results for the traditional and alternative 
confirmation procedures, respectively. The confidence intervals 
obtained for dLPODCP indicated no significant difference 
between the presumptive and confirmed results.

For the high-level inoculum, a dLPODC value of –0.02 (–0.06, 
0.01) was obtained between the 3M Petrifilm SALX System 
with the traditional and alternative confirmation procedures 
and the FDA/BAM method. The confidence intervals obtained 
for dLPODC indicated no significant difference between the 
two methods. A dLPODCP of 0.01 (–0.03, 0.05) was obtained 
between presumptive and confirmed 3M Petrifilm SALX 
System results for the traditional and alternative confirmation 
procedures. The confidence intervals obtained for dLPODCP 
indicated no significant difference between the presumptive and 
confirmed results.

For the uninoculated control level, dLPODC values of 0.00 
(–0.03, 0.03) were obtained between the 3M Petrifilm SALX 
System using the traditional and alternative confirmation 
procedures and the FDA/BAM method. The confidence 
intervals obtained for dLPODC indicated no significant 
difference between the two methods. A dLPODCP of 0.03 
(–0.03, 0.03) was obtained between presumptive and confirmed 
3M Petrifilm SALX System results using the traditional and 
alternative confirmation procedures. The confidence intervals 
obtained for dLPODCP indicated no significant difference 
between the presumptive and confirmed results. Results of the 
POD statistical analysis are presented in Table 2014.01A, and 
Appendix Tables 3–4 and Appendix Figures 5–8.

Discussion

No negative feedback was reported to the Study Directors 
from the collaborating laboratories in regard to the performance 
of the 3M Petrifilm SALX System. For the analysis of the raw 
ground beef test portions by the 3M Petrifilm SALX System, 
three false-positive samples were obtained. For the analysis 
of the dry dog food, two false-positive samples and two false-
negative samples were obtained.Ta

bl
e 

3.
 

(c
on

tin
ue

d)

La
b

H
ig

h-
le

ve
l t

es
t p

or
tio

ns
Lo

w
-le

ve
l t

es
t p

or
tio

ns
U

ni
no

cu
la

te
d 

te
st

 p
or

tio
ns

1
2

3
4

5
6

7
8

9
10

11
12

 
1

2
3

4
5

6
7

8
9

10
11

12
 

1
2

3
4

5
6

7
8

9
10

11
12

12
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

–
–

–
+

–
+

–
+

–
–

–
–

–
–

–
–

–
–

–
–

–

13
+

+
+

+
+

+
+

+
+

+
+

+
–

+
–

–
–

–
–

+
+

+
+

+
–

–
–

–
–

–
–

–
–

–
–

–

14
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

–
–

–
+

–
+

–
+

–
–

–
–

–
–

–
–

–
–

–
–

–

15
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

–
+

–
+

+
+

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–

16
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

–
+

–
+

+
+

–
+

+
–

–
–

–
–

–
–

–
–

–
–

–

17
+

+
+

+
+

+
+

+
+

+
+

+
 

–
+

+
–

+
+

+
+

–
–

–
–

 
–

–
–

–
–

–
–

–
–

–
–

–
a  

+ 
= 

S
al

m
on

el
la

 s
pp

. w
er

e 
de

te
ct

ed
 in

 s
am

pl
es

 a
nd

 –
 =

 S
al

m
on

el
la

 s
pp

. w
er

e 
no

t d
et

ec
te

d 
in

 s
am

pl
e.

b  
C

on
fir

m
ed

 re
su

lts
 fr

om
 a

lte
rn

at
iv

e 
an

d 
tra

di
tio

na
l c

on
fir

m
at

io
n 

w
er

e 
id

en
tic

al
 fo

r e
ac

h 
te

st
 p

or
tio

n 
ex

ce
pt

 w
he

re
 n

ot
ed

.
c  

S
am

pl
e 

co
nfi

rm
ed

 p
os

iti
ve

 b
y 

tra
di

tio
na

l m
et

ho
d 

w
as

 n
eg

at
iv

e 
by

 a
lte

rn
at

iv
e 

co
nfi

rm
at

io
n.

d  
S

am
pl

e 
w

as
 p

re
su

m
pt

iv
e 

po
si

tiv
e 

bu
t c

on
fir

m
ed

 n
eg

at
iv

e.
e  

R
es

ul
ts

 w
er

e 
no

t u
se

d 
in

 s
ta

tis
tic

al
 a

na
ly

si
s 

du
e 

to
 d

ev
ia

tio
n 

of
 te

st
in

g 
pr

ot
oc

ol
 la

bo
ra

to
ry

 e
rr

or
.



Bird et al.: Journal of aoaC international Vol. 97, no. 6, 2014 1573
Ta

bl
e 

4.
 

In
di

vi
du

al
 c

ol
la

bo
ra

to
r r

es
ul

ts
 fo

r d
ry

 d
og

 fo
od

 (3
75

 g
 te

st
 p

or
tio

ns
)a

La
b

H
ig

h-
le

ve
l t

es
t p

or
tio

ns
Lo

w
-le

ve
l t

es
t p

or
tio

ns
U

ni
no

cu
la

te
d 

te
st

 p
or

tio
ns

1
2

3
4

5
6

7
8

9
10

11
12

 
1

2
3

4
5

6
7

8
9

10
11

12
 

1
2

3
4

5
6

7
8

9
10

11
12

3M
 P

et
rifi

lm
 S

A
LX

 S
ys

te
m

b

1
+

+
+

–
+

+
+

+
+

+
+

–d
+

–
–

–
–

–
–

–
+

–
–

+
–

–
–

–
–

–
–

–
–

–
–

–

2f
+

+
+

+
+

+
+

+
+

+
+

+
+

–
+

+
+

–
–d

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–

3
+

+
+

+
+

+
+

+
+

+
+

+
–

+
+

+
–

+
+

+
+

–
+

+
–

–
–

–
–

–
–

–
–

–
–

–

4f
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a

5
+

+
+

+
+

+
+

+
+

+
+

+
+

–
–

+
+

+
–

–
–

+
+

–
–

–
–

–
–

–
–

–
–

–
–

–

6f
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a

7
+

+
+

+
+

+
+

+e
+

+
+

+
–

+
–

–
+e

+
–

+
+

+
+

+
–

–
–

–
–

–
–

–
–

–
–

–

8
+

+
+

+
+

+
+

+
+

+
+

+
–

–
–

+
–

–
–

+
+

+
+

+
–

–
–

–
–

–
–

–
–

–
–

–

9
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

+
+

+
+

–
–

–
–

–
–

–
–

–
–

–
–

–

10
+

+
+

+
+

+
+

+
+

+
+

+
–

+
–

+
+

–
+

+
+

–
–

+
–

–
–

–
–

–
–

–
–

–
–

–

11
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

+
+

–
–

+
+

+
–

+
–

–
–

–
–

–
–

–
–

–
–

–

12
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

+
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–

13
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

+
–

+
+

+
+

+
–

–
–

–
–

–
–

–
–

–
–

–
–

–

14
f

+
+

+
+

+
+

+
+

+
+

–d
+

–d
+

–d
–d

–d
–

–c
+

–
+

+
–

–
+

–
–d

–
–

–
+

–
–d

–
–d

15
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

–
–

–
–

+
+

+
+

+
–

–
–

–
–

–
–

–
–

–
–

–

16
+

+
+

+
+

+
+

+
+

+
+

+
+

+
–

–
–

–
–

–d
–

+
–

–
–

–
–

–
–

–
–

–
–

–
–

–

17
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a

FD
A

/B
A

M

1
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

–
–

+
–

–
+

–
–

+
–

–
–

–
–

–
–

–
–

–-
–

–

2f
+

+
+

+
+

+
+

+
+

–
+

+
–

–
+

+
–

–
–

–
–

–
+

–
–

–
–

–
–

–
–

–
–

–
–

–

3
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

–
+

–
+

+
–

–
–

–
–

–
–

–
–

–
–

–

4f
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a

5
+

+
+

+
+

+
+

+
+

+
+

+
+

–
+

+
–

+
+

–
+

–
+

–
–

–
–

–
–

–
–

–
–

–
–

–

6f
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a
n/

a

7
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

–
–

+
+

–
–

+
–

–
–

–
–

–
–

–
–

–
–

–
–

–

8
+

+
+

+
+

+
+

+
+

+
+

+
–

–
+

+
–

+
–

+
–

+
–

–
–

–
–

–
–

–
–

–
–

–
–

–

9
+

+
+

+
+

+
+

+
+

+
+

+
–

+
+

–
–

–
+

–
–

–
–

+
–

–
–

–
–

–
–

–
–

–
–

–

10
+

+
+

+
+

+
+

+
+

+
+

+
–

–
–

+
–

–
–

–
+

–
+

+
–

–
–

–
–

–
–

–
–

–
–

–

11
+

+
+

+
+

+
+

+
+

+
+

+
+

–
+

–
–

–
+

+
+

–
+

–
–

–
–

–
–

–
–

–
–

–
–

–



1574 Bird et al.: Journal of aoaC international Vol. 97, no. 6, 2014

For the dry dog food, some laboratories reported high 
amounts of atypical growth on varying test portions and no 
background growth on other test portions. Because over 600 lbs 
of pet food was used in the evaluation, variability in the level 
of competing microflora among individual samples may have 
led to these discrepancies. Laboratory 7, which reported the 
two false-negative results for the dry dog food, indicated that a 
significant amount of atypical growth was observed on the 3M 
Petrifilm SALX Plate and believed it may have contributed to 
the difficulty in isolating Salmonella from those two samples.

The false-positive results observed for both matrices may 
have been the result of misidentification of typical colonies 
due to the misinterpretation of colony color (only five false 
positives out of 972 test portions) on the 3M Petrifilm SALX 
Plate. Additional experience with the method may eliminate 
some analyst uncertainty when selecting colonies believed to 
be presumptive positive for Salmonella. Because presumptive 
colonies are verified by placing the 3M Petrifilm SALX 
Confirmation Disk onto the 3M Petrifilm SALX Plate, no 
additional follow-up to verify if the correct colony was selected 
was possible by testing at the coordinating laboratory. For 
the raw ground beef, Laboratory 15 identified a presumptive 
positive colony in its uninoculated test portions, which was 
confirmed positive by the reference method. The data from this 
laboratory were included in the statistical analysis. Using the 
POD statistical model, no significant difference in the number 
of positive results obtained between the two methods being 
compared was observed at both the low and high inoculum 
levels for both matrices. Additionally, no significant difference 
was observed between presumptive and confirmed results for 
the candidate method.

Recommendations

It is recommended that the 3M Petrifilm Salmonella Express 
(SALX) System be adopted as Official First Action status for 
the detection of Salmonella in raw ground beef (25 g), raw 
ground chicken (25 g), pasteurized liquid whole egg (100 g), 
raw ground pork (25 g), cooked chicken nuggets (325 g), frozen 
uncooked shrimp (25 g), fresh bunched spinach (25 g), dry dog 
food (375 g), and stainless steel.
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1.0 INTRODUCTION 1 
 2 

The goal of this collaborative study is to estimate the following performance parameters of 3 
the 3M™ Petrifilm™ Salmonella Express (SALX) System: probability of detection (POD) and the 4 
difference in the POD at 3 contamination levels for both the candidate and reference 5 
methods. Test portions from 3 different contamination levels, including negative controls, will 6 
be sent to collaborators where they will perform the 3M Petrifilm SALX method along with the 7 
corresponding reference method.  Raw fresh ground beef will be tested at 25g and dry dog 8 
food will be tested at 375g.  9 

 10 
1.1 Description of the 3M Petrifilm SALX Method 11 
 12 

The 3M Petrifilm SALX method is intended for the rapid and specific detection and 13 
biochemical confirmation of Salmonella from food and food process environmental 14 
samples after enrichment in 3M™ Salmonella Enrichment Base with the added 3M™ 15 
Salmonella Enrichment Supplement. The 3M™ Petrifilm™ Salmonella Express Plate is a 16 
siample ready-to-use chromogenic culture medium system that contains a cold-water-17 
soluble gelling agent and is selective and differential for Salmonella, providing a 18 
presumptive result in as little as 44 hours from low microbial background foods (≤104 19 
cfu/g), and 52 hours from high microbial background foods (≥104 cfu/g). The 3M™ 20 
Petrifilm™ Salmonella Express Confirmation Disk contains a biochemical substrate that 21 
facilitates the biochemical confirmation of Salmonella organisms 22 
 23 

1.2 Summary of PTM/Precollaborative Study 24 
 25 
The 3M Petrifilm SALX method was validated according to AOAC Guidelines (2002) in a 26 
harmonized PTM/OMA study.  The aim of this study was to demonstrate that the 3M 27 
Petrifilm SALX method could detect Salmonella in select foods as claimed by the 28 
manufacturer.   29 
 30 
The 3M Petrifilm Salmonella Express System was evaluated following the AOAC 31 
Performance Tested Methods requirements: inclusivity/exclusivity, ruggedness, 32 
stability/lot to lot consistency and method comparison.  The 3M Petrifilm SALX method 33 
was compared to the USDA/FSIS-MLG 4.05 Isolation and Identification of Salmonella 34 
from Meat, Poultry, Pasteurized Egg and Catfish Products for raw ground chicken, 35 
pasteurized liquid whole egg, raw ground beef, raw ground pork, and cooked chicken 36 
nuggets and to FDA/BAM Chapter 5 Salmonella for frozen uncooked shrimp, fresh 37 
bunched spinach, dry dog food, and stainless steel. 38 
 39 
Overall the assay was equivalent to the reference methods based on the Chi square 40 
test for significant difference and the Probability of Detection (POD).  There were 41 
no unexpected results in all of the other PTM requirements. 42 
 43 
The 3M Petrifilm Salmonella Express System is sufficiently rugged to withstand 44 
small variations in the experimental parameters of enrichment incubation time and 45 
temperature, plate incubation time and temperature, disk incubation time and 46 
temperature and various plate hydration options.  Each parameter was tested  47 
using both the high and low microbial load methods as described in the Instructions 48 
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for Use. 1 
 2 
The method was awarded PTM certification number 061301 on June 5, 2013. 3 
 4 

1.3 Study Director for Collaborative Study 5 
 6 

The co-Study Directors for this collaborative study: 7 
 8 

Robert P. Jechorek 9 
3M Food Safety Department 10 
3M Center - Bldg 260-6B-01  11 
St. Paul, MN 55144-1000 12 
Email: rpjechorek@mmm.com 13 
Phone: 651-733-9764 14 

 15 
Co-SD:  Erin Crowley and Patrick Bird 16 
 Q Laboratories, Inc. 17 
 Cincinnati, OH  45214 18 
 Email:   ecrowley@qlaboratories.com 19 
  pbird@qlaboratories.com 20 
 Phone:  513-471-1300 21 

 22 
2.0 Collaborators 23 
 24 

A total of 15-16 collaborators will be solicited to participate in this study.  A minimum of 10 25 
laboratories, with acceptable data, will be needed for the successful completion of this study. 26 
Qualified laboratories, familiar with Petrifilm, will act as collaborators.  All collaborators have 27 
been, or will be, thoroughly trained by a 3M representative on the use of Petrifilm.  28 
 29 
A sample letter to collaborators can be found in Appendix 8.1.  This letter will be sent to each 30 
collaborator prior to the start of the study. 31 

 32 
3.0 Collaborative Study Design 33 
 34 

3.1 The laboratory conducting the study will prepare the test portions.  In this study, raw 35 
fresh ground beef (25g) and dry dog food (375g) will be analyzed for Salmonella 36 
following the 3M Petrifilm SALX protocol and appropriate reference method.  The USDA-37 
FSIS MLG Ch. 4.06 method will be used as the reference method for ground beef and 38 
FDA/BAM Chapter 5 will be used as the reference method for dry dog food.  39 
 40 

3.2 Each week, collaborators will receive 72 samples of a test matrix for analysis: 12 41 
uninoculated controls, 12 low level (target 0.2 – 2.0 cfu/test portion), and 12 high level 42 
(target 2 – 5 cfu/test portion) for each method - SALX and reference method.  See flow 43 
diagrams 8.5 and 8.6 for the study details.  Each laboratory will test all test portions.  44 
Each test matrix will be inoculated with a different Salmonella spp. as listed in Table 1, 45 
randomized and blind-coded for analysis.     46 
  47 

Table 1.  Overview of Study Design 48 
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 1 

 2 
 3 
3.3 Study Schedule 4 
 5 

3.3.1 One matrix will be tested each week of the study.  All data should be sent to the 6 
SD by the 4th week of study. 7 

 8 
3.3.2 The contract laboratory will prepare the test portions and ship the test portions 9 

refrigerated via overnight courier to the collaborators to arrive on a Friday.  Test 10 
portion processing and analysis will begin on Monday.  Data forms will be 11 
completed and faxed or emailed back to the co-Study Director by the following 12 
Friday. 13 

 14 
4.0 Test Portion Preparation 15 
 16 

4.1 Fresh raw ground beef and dry dog food will be obtained from local retail outlets and 17 
screened for the presence of Salmonella.  Naturally contaminated test portions will be 18 
used if available at sufficient levels.  Alternatively, the test portions will be artificially 19 
inoculated to meet the targets of 0.2-2.0 cfu/test portion for the low and 2 – 5 cfu/test 20 
portion for the high with the appropriate concentration of a wet inoculum for raw 21 
ground beef and a lyophilized inoculum for dry dog food.  22 
 23 

4.2 Preparation of test portions  24 
4.2.1 Ground beef: A liquid inoculum will be added drop-wise to a bulk quantity of 25 

ground beef for each inoculation level - 0.2-2 cfu/25g and 2-5 cfu/25g.  The bulk 26 
quantity will then be mixed to achieve equal distribution of analyte throughout.  27 
The test portions will be stored at 2-8°C for 72-96 h prior to testing.   28 

4.2.2 Dry dog food: A wet inoculums in pellet form will be added to a bulk quantity of 29 
dry dog food for each inoculation level - 0.2-2 cfu/25g and 2-5 cfu/25g.  The bulk 30 
quantity will then be mixed to achieve equal distribution of analyte throughout.  31 
The test portions will be stored at room temperature for 2 weeks prior to 32 
testing.  Samples should be checked during the stabilization period to ensure 33 

MATRIX Inoculating 
organism 

Target Salmonella 
Levels 

# Test 
Portions 

(per method) 

Test Portion 
Codes 

Reference 
Method 

Raw ground 
beef (80/20) 

25g-SALX 
25g-MLG 

S. enterica 
subsp. Ohio 

STS 81 
(Fresh) 

0 cfu/test portion 12 

Random number 
between 100-199 

USDA/FSIS 
MLG Ch. 

4.06 
0.2-2 cfu/test portion 12 

2-5 cfu/test portion 12 

Dry dog food 
375g-SALX 
25g-BAM 

Salmonella 
enterica ser. 

Poona  
ATCC 4840 

0 cfu/test portion 12 

Random number 
between 200-299 

FDA/BAM 
Chapter 5 0.2-2 cfu/test portion 12 

2-5 cfu/test portion 12 
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the correct contamination levels are achieved.  Test portions (25g) will be pulled 1 
from this bulk lot and randomly assigned to the reference method or the 3M 2 
SALX method.  An additional 350g uncontaminated dry dog food will be added 3 
to the 25g test portion assigned to the 3M SALX method resulting in a 375g test 4 
portion. 5 

 6 
4.3 Shipment of test portions.  Test portions will be packaged in leak-proof, insulated 7 

containers and shipped (according to the Dangerous Goods Regulations IATA for 8 
Infections Substances) by overnight carrier to arrive the day before initiation of analysis.  9 
All refrigerated test portions will be packed with ice packs to maintain a temperature of 10 
<7°C during transport. All dry test portions will be shipped at ambient temperature (22-11 
25°C).  A temperature control sample will be included with each shipment to verify 12 
temperature of sample upon receipt.  Upon arrival, the ground beef test portions will be 13 
stored at 2-8°C until they are analyzed and the dry dog food test portions will be stored 14 
at room temperature until they are analyzed. 15 
 16 

4.4 Microbiological analysis.  The test portion preparation is different for the 3M Petrifilm 17 
SALX and reference methods.  Therefore, each collaborator will receive a separate test 18 
portion for each method.  They will be instructed to test 25g ground beef using the 3M 19 
Petrifilm SALX method and another 25g ground beef using the MLG reference method.  20 
They will be instructed to test 375g dry dog food using the 3M Petrifilm SALX method 21 
and 25g dry dog food using the BAM reference method.  All test portions assayed by the 22 
3M method will be confirmed following the reference method for confirmation of 23 
Salmonella species as described in the Alternative Confirmation section.  The Reference 24 
Method Confirmation procedures will be performed starting with the secondary 25 
enrichment steps.  The recovered isolates will be identified by the API20E (Official 26 
Method 978.24) or the VITEK2 GN (Official Method 2011.17).  The somatic (O) and 27 
flagellar (H) tests will also be performed. 28 
 29 
One additional control (negative) test portion will be provided to each collaborator for 30 
each matrix to determine the total plate count on the day of analysis. 31 
 32 

4.5 Most Probable Number (MPN) Analysis.  To determine the level of Salmonella spp. in 33 
the inoculated food test portions on the day of initiation of analysis, a 5-tube MPN 34 
determination is performed by the coordinating laboratory following the appropriate 35 
reference method.  From each of the inoculated food batches, prepare 5 test portions of 36 
100 g, 5 test portions of 25 g and 5 test portions of 10 g. To each test portion, add BPW 37 
to make a 1:4 dilution. Follow the reference method through to confirmations.  Use the 38 
number of positives from the high, medium and low levels to calculate the MPN for each 39 
inoculated level of each matrix. Access the MPN calculator 40 
(http://www.lcfltd.com/customer/LCFMPNCalculator.exe) to determine the MPN values 41 
and 95% confidence intervals. Data should be entered from high level to low. Report 42 
MPN as MPN/test portion. 43 

 44 
5.0 3M™ Petrifilm™ Salmonella Express  (SALX) System Method 45 

 46 
5.1 Applicability 47 

 48 
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For the detection of Salmonella species in a Select Foods, Dry Dog Food, and Stainless 1 
Steel.   2 

 3 
The 3M Petrifilm SALX Plate is a sample ready-to-use chromogenic culture medium 4 
system that contains a cold-water-soluble gelling agent and is selective and differential 5 
for Salmonella, providing a presumptive result.  The 3M Petrifilm SALX Confirmation 6 
Disk contains a biochemical substrate that facilitates the biochemical confirmation of 7 
Salmonella organisms. 8 
 9 

5.2 Test Kit information 10 
5.2.1 3M Petrifilm Salmonella Express Plate:   11 

5.2.1.1 6536 - Petrifilm Salmonella Express Plate 25 plates/pouch; 2 12 
pouches/box 13 

5.2.1.2 6537 - Petrifilm Salmonella Express Plate 25 plates/pouch; 8 14 
pouches/case 15 

5.2.2 Typical Formula 16 
5.2.2.1 Magnesium chloride (anhydrous) 13.4g 17 
5.2.2.2 Sodium chloride   7.2g 18 
5.2.2.3 Casein peptone    4.54g 19 
5.2.2.4 Monopotassium phosphate  1.45g 20 
5.2.2.5 Malachite green   0.036g 21 
5.2.2.6 Demineralized water   1000 mL 22 
5.2.2.7 pH 5.1 ± 0.2 at 25°C 23 
5.2.2.8 Adjust pH as required to meet performance standards. 24 

 25 
5.2.3 3M Petrifilm Salmonella Confirmation Disk: 26 

5.2.3.1 6538 - Petrifilm Salmonella Confirmation Disk - 5 disks/pouch; 1 27 
pouch/box 28 

5.2.3.2 6539 - Petrifilm Salmonella Confirmation Disk - 5 disks/pouch; 5 29 
pouches /case 30 
 31 

5.3 Reagents 32 
5.3.1 3M Salmonella Enrichment Broth:  SEB500 - 500g/bottle, SEB025 - 2.5kg/bottle 33 
5.3.2 3M Salmonella Enrichment Supplement:   SESUP001 - 1.0g/vial 34 
5.3.3 3M Rappaport-Vassiliadis R10 (R-VR10) broth (BP0288500) 35 

 36 
5.4 Selective agar 37 

5.4.1 Hektoen Agar  38 
5.4.2 XLD Agar  39 
5.4.3 XLT4 Agar  40 
5.4.4 Bismuth Sulfite (Wilson-Blair Agar) 41 
5.4.5 Brilliant Green Sulfa Agar 42 

 43 
5.5 Apparatus 44 

5.5.1 Sterile 10µL inoculation loop. -  for streaking enrichments onto the SALX 45 
plate 46 

5.5.2 Permanent ultra fine tip marker. – for circling presumptive positive colonies 47 
on the SALX plate  48 
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5.5.3 Sterile serological pipettes. – capable of 1mL 1 
5.5.4 Pipettes. – capable of 100µL 2 
5.5.5 Sterile pipette tips. – capable of 100µL 3 
5.5.6 Stomacher®. – Seward or equivalent  4 
5.5.7 Filter Stomacher® bags. - Seward or equivalent 5 
5.5.8 Incubators. – capable of maintaining 41.5° ± 1°C 6 
5.5.9 Incubator -capable of maintaining 35°C± 1°C 7 
5.5.10 5.5.10Waterbath- capable of maintaining 42°C± 0.2°C(circulating, 8 

thermostatically controlled) 9 
5.5.11 Freezer. – capable of maintaining -10° to -20°C, for storing opened SALX 10 

pouches , hydrated SALX  plates, SALX plates after incubation  11 
5.5.12 5.5.11Refrigerator. – capable of maintaining 2° - 8°C, for storing unopened 12 

3M SALX plates and SALX disks 13 
5.5.13   Sterile distilled water 14 
5.5.14 Sterile reverse osmosis water 15 
5.5.15 Sterile Butterfield’s Phosphate Diluent 16 
5.5.16 3M Petrifilm Flat Spreader 17 
 18 

5.6 Enrichment 19 
 20 
5.6.1.1 Raw ground beef (25g, high microbial load)  21 

5.6.1.1.1 Aseptically add the 25g test portion to 225 mL pre-warmed (41.5°C) 22 
3M Salmonella Enrichment Base with supplement.  23 

5.6.1.1.2 Mix in a Stomacher® bag with filter for 2 min. 24 
5.6.1.1.3 Incubate 18-24 hr at 41.5 ± 1°C. 25 
5.6.1.1.4 After primary enrichment incubation, transfer 0.1 mL of the primary 26 

enrichment into 10.0 mL Rappaport-Vassiliadis R10 (R-V R10) Broth.  27 
Incubate at 41.5 ± 1.0°C for 8-24 hours. 28 

 29 
5.6.1.2 Dry dog food (375g, low microbial load)  30 

5.6.1.2.1 Aseptically add the 375g test portion to 3375 mL pre-warmed 31 
(41.5°C) 3M Salmonella Enrichment Base with supplement.   32 

5.6.1.2.2 Mix in a Stomacher® bag with filter for 2 min. 33 
5.6.1.2.3 Incubate 18-24 hr at 41.5 ± 1°C. 34 

 35 
5.7 Plate Hydration 36 

 37 
5.7.1 Use prescribed sterile diluents to hydrate the 3M Petrifilm SALX Plates:  38 

Butterfield’s Phosphate Diluent, distilled water, or reverse osmosis water. 39 
5.7.2 Place the 3M Petrifilm SALX Plate on a flat, level surface (figure A). 40 
5.7.3 Lift the top film and with the pipette perpendicular dispense 2.0 mL ± 0.1 mL of 41 

sterile diluent onto the center of bottom film (figure B).  Do not close the top 42 
film before dispensing the entire 2.0 mL volume. 43 

5.7.4 Gently roll down the top film onto the diluent to prevent trapping air bubbles 44 
(figure C).  45 

5.7.5 Place the 3MTM PetrifilmTM Flat Spreader (Catalog #6425) on the center of the 46 
plate. Press gently on the center of the spreader to distribute the diluent evenly. 47 
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Spread the diluent over the entire 3M Petrifilm SALX Plate growth area before 1 
the gel is formed. Do not slide the spreader across the film (figure D).  2 

5.7.6 Remove the spreader and leave the 3M Petrifilm SALX Plate undisturbed for at 3 
least 1 minute. 4 

5.7.7 Place 3M Petrifilm SALX Plate on a flat surface for at least 1 hour at room 5 
temperature (20-25°C / <60% RH), protected from light, to allow the gel to form.   6 
Hydrated 3M Petrifilm SALX Plates can be stored at room temperature (20-25°C 7 
/ <60% RH) for up to 8 hours before use if protected from light,.  If hydrated 3M 8 
Petrifilm SALX Plates will not be used within 8 hours, seal them in a plastic bag,.  9 
protected from light and store at -20 to -10°C for up to 5 days.  10 

5.7.8 After 3M Petrifilm SALX Plates are removed from storage, allow them to warm 11 
to room temperature before use. 12 
 13 

5.8 Plate Inoculation 14 
5.8.1 Remove the enrichment medium from the incubator and agitate contents by 15 

gentle hand massage. 16 
5.8.2 Use a sterile 10 µL loop (3 mm diameter) to withdraw each sample.  Use a 17 

smooth loop (one that does not have jagged edges and is not distorted) to 18 
prevent the gel surface from breaking.   19 

5.8.3 Open the 3M Petrifilm SALX Plate and streak onto the gel (figure E). Perform a 20 
single streak to obtain isolated colonies (Figure 1).  21 
 22 
 23 

 24 
Figure 1: Streaking pattern on the 3M Petrifilm SALX Plate 25 

5.8.4 Roll down the top film to close the 3M Petrifilm SALX Plate. 26 
5.8.5 Using a gloved hand (while practicing good laboratory practices to avoid cross 27 

contamination and/or direct contact with the plate), gently apply a sweeping 28 
motion with even pressure onto the top film to remove any air bubbles in the 29 
inoculation area (figure F). 30 
 31 

5.9 Plate Incubation 32 
5.9.1 Incubate plates at 41.5 ± 1.0°C for 24 hours ± 2 hours in a horizontal position 33 

with the colored side up in stacks of no more than 20 plates. 34 
 35 
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5.10 Interpretation 1 
5.10.1 Remove the 3M Petrifilm SALX Plates from the incubator and visually examine 2 

the isolated colonies. See Table 2.  Do not count artifact bubbles that may be 3 
present.   4 

5.10.2 Note: Using indirect back lighting may enhance reading of colony color, discrete 5 
yellow zones, and gas bubbles associated with a colony. 6 

5.10.3 Presumptive positive Salmonella species are red to brown colonies with a yellow 7 
zone or associated gas bubble, or both (figure G).  An associated gas bubble is 8 
defined as being located within one colony diameter distance from the colony 9 
(see Table 2 below). 10 

 11 
Table 2: Interpretation for Presumptive Positive Salmonella species 12 

Colony Color Colony Metabolism 
Result 

Red Dark 
Red Brown Yellow 

zone Gas bubble 

       Presumptive + 

       Presumptive + 

        Presumptive + 

       Presumptive + 

       Presumptive + 

        Presumptive + 

       Presumptive + 

       Presumptive + 

        Presumptive + 

 13 
 14 
Non-Salmonella species (figure H): 15 

• Blue colonies, green colonies, blue to green colonies, and/or black colonies with or without a 16 
yellow zone and/or associated gas bubble are non-Salmonella organisms. 17 

• Red, dark red, and brown colonies with no yellow zone and no associated gas are non-18 
Salmonella organisms. 19 

• Red, dark red, and brown colonies with a magenta zone are non-Salmonella organisms. 20 
 21 

If presumptive positive Salmonella colonies are not present, then report the results as 22 
Salmonella not detected in the matrix.   23 
 24 
If presumptive positive Salmonella colonies are present, then continue with the following 25 
Biochemical Confirmation steps: 26 
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a. On the 3M Petrifilm SALX Plate top film, circle up to five isolated presumptive positive 1 
Salmonella colonies using a permanent, ultra fine tip marker (figure I). 2 

b. Biochemically confirm all Salmonella presumptive positive results using the 3M Petrifilm 3 
SALX Confirmation Disk. See the Biochemical Confirmation section. 4 

 5 
Note: If the 3M Petrifilm SALX Plates cannot be analyzed within 1 hour of removal from the 6 
incubator, first circle the presumptive Salmonella  colonies on the top film by using a 7 
permanent, ultra fine tip marker and then place the plates in a sealed plastic bag for later 8 
analysis.  Protect 3M Petrifilm SALX Plates from light and store at -20 to -10°C for no longer than 9 
72 hours.  Allow plates to warm to room temperature (20-25°C / <60% RH) before adding the 10 
disk to the plate. 11 
 12 

 WARNING: To reduce the risks associated with a false-negative result leading to the release of 13 
contaminated product and the possibility of false positive results requiring a retest, always use a 14 
permanent, ultra fine tip marker to circle the characteristic presumptive Salmonella colonies on the 15 
top film of the 3M Petrifilm SALX Plate before appropriate storage of the plate and/or before placing 16 
the 3M Petrifilm SALX Confirmation Disk onto the gel. 17 

 18 
5.11 BIOCHEMICAL CONFIRMATION – 3M Petrifilm SALX Confirmation Disk 19 

5.11.1 NOTE: Use  good laboratory practices to avoid cross contamination and/or 20 
direct contact with the 3M Petrifilm SALX Plate and/or 3M Petrifilm SALX 21 
Confirmation Disk. 22 

5.11.2  Remove an individually packaged 3M Petrifilm SALX Confirmation Disk from its 23 
pouch and allow it to come to room temperature (20-25°C / <60% RH).  Then 24 
remove the 3M Petrifilm SALX Confirmation Disk from its individual package by 25 
peeling the package to expose the 3M Petrifilm SALX Confirmation Disk’s tab, 26 
grasping the tab with a gloved hand, and removing the 3M Petrifilm SALX 27 
Confirmation Disk. 28 

5.11.3 Lift the top film (with the already circled presumptive Salmonella colonies) of 29 
the 3M Petrifilm SALX Plate and insert the 3M Petrifilm SALX Confirmation Disk 30 
by rolling it onto the gel to avoid entrapping air bubbles (figure J). Close the 3M 31 
Petrifilm SALX Plate. 32 

5.11.4 Using a gloved hand, gently apply a sweeping motion with even pressure onto 33 
the top film to remove any air bubbles in the inoculation area and assure good 34 
contact between the gel and the 3M Petrifilm SALX Confirmation Disk (figure K). 35 

5.11.5 Incubate the 3M Petrifilm SALX System (plate and disk) at 41.5 ± 1.0°C for 4 - 5 36 
hours in a horizontal position, colored side up, no higher than 20 plates. 37 

5.11.6 Remove the 3M Petrifilm SALX System from the incubator and proceed with 38 
reading the results. Only interpret the results for the circled presumptive 39 
Salmonella  colonies: 40 
5.11.6.1 Biochemically confirmed positive results: Colonies that are 41 

green to blue, blue to dark blue, or black or have a blue precipitate 42 
around them are biochemically confirmed positive for Salmonella 43 
species. 44 

5.11.6.2 Biochemically confirmed negative results:  Colonies that remain 45 
the same red, dark red or brown color without a blue precipitate are 46 
negative for Salmonella species. 47 
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5.11.7 Colonies may be subcultured for further identification. When subculturing, wear 1 
appropriate protective apparel and follow standard good laboratory safety 2 
practices (GLP).   3 

5.11.8 With a gloved hand, lift the top film and aseptically remove the colony either 4 
from the gel or the 3M Petrifilm SALX Confirmation Disk. If a 3M Petrifilm SALX 5 
Confirmation Disk is covering the gel, aseptically peel the disk away and then 6 
aseptically remove the colony from the gel.  7 

5.11.9 Streak the colony onto/into media per appropriate reference method. 8 
5.11.10 NOTE: If the colonies cannot be subcultured within 1 hour of plate removal from 9 

the incubator, then store the 3M Petrifilm SALX Plates for later analysis by 10 
placing in a sealed plastic bag  at -20 to -10°C for no longer than 72 hours in the 11 
dark.  Allow 3M Petrifilm SALX Plates to warm to room temperature (20-25°C / 12 
<60% RH) before continuing subculturing for identification.  13 

5.11.11 After the test is complete, dispose of the 3M Petrifilm SALX Plates and 3M 14 
Petrifilm SALX Confirmation Disks in accordance with current industry standards 15 
and/or local regulations. 16 

 17 
6.0 Reporting Raw Data 18 
 19 

6.1 Report data using the data report form in Appendix 8.2. 20 
 21 

6.2 Upon completion of each food type, the laboratory will fax or email the completed data 22 
form to the Study Director. 23 

 24 
6.3 Copies of all related test results (data sheets and confirmation results) should be 25 

retained by the collaborating labs for a minimum of one year. 26 
 27 

7.0 Analyzing Raw Data 28 
 29 
The resulting data will be analyzed by two different calculations: probability of detection (POD) 30 
and relative limit of detection (RLOD).  31 

 32 
7.1 Probability of Detection (POD) - POD is the proportion of positive analytical outcomes 33 

for a qualitative method for a given matrix at a given analyte level or concentration.  34 
POD is concentration dependent.  Please see the revised microbiology guidelines1 for 35 
complete analysis information on POD calculations. 36 
 37 
7.1.1 Calculate: 38 

7.1.1.1 Estimate of repeatability - standard deviation (sr) 39 
7.1.1.2 Determine POD values for each matrix and concentration - the number 40 

of positive outcomes divided by the total number of trials.  41 
7.1.1.3 Estimate of reproducibility – standard deviation of the laboratory POD 42 

values (sPOD) and confidence intervals. 43 

                                           
1 AOAC INTERNATIONAL Methods Committee Guidelines for Validation of Microbiological Methods for Food and 
Environmental Surfaces (pre-publication document, 2012) Sharon Brunelle, Robert LaBudde, Maria Nelson, and 
Paul Wehling  
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7.1.1.4 Cross laboratory probability of detection (LPOD) – LPODs by matrix and 1 
concentration with 95% confidence intervals for candidate method 2 
(presumptive and confirmed) results. 3 

7.1.1.5 Difference of cross-laboratory probability of detection (dLPOD) – 4 
difference probability of detection is the difference between any two 5 
LPOD values. 6 
7.1.1.5.1 Estimate dLPODC as the difference between the candidate 7 

and reference LPOD values, include CIs. 8 
7.1.1.5.2 Estimate dLPODCP as the difference between the 9 

presumptive and confirmed LPOD values, include CIs. 10 
7.1.1.5.3 If the CI of a dLPOD does not contain zero then the 11 

difference is statistically significant. 12 
7.1.1.6 For each matrix, graph PODR, LPODC and dLPODC by level with 95% 13 

confidence intervals. 14 
 15 

8.0 Appendices 16 
 17 
8.1 Instructions to Collaborators 18 
8.2 Test Portion Data Report Forms 19 
8.3 Collaborator Comment Form 20 
8.4 Study Materials 21 
8.5 Flow Diagram – raw ground beef 22 
8.6 Flow Diagram – dry dog food 23 
8.7 Collaborator Information Sheet 24 

 25 
26 
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Appendix 8.1 1 
 2 

Instructions to Collaborators 3 
 4 
General Instructions about Collaborative Studies 5 
  6 
Introduction 7 
 8 
The purpose of this document is to provide detailed instructions for performing the collaborative study 9 
for the 3M™ Petrifilm™ Salmonella Express System.   10 
 11 

 The trial will be conducted by co-Study Directors, Bob Jechorek and TBD.  The Study Directors are 12 
responsible for providing the test portions, clarifying procedures, collating the results, and submitting a 13 
final report to AOAC INTERNATIONAL.  Should any questions arise before or during the course of the 14 
study, please direct them immediately to the attention of one of the co-Study Directors: 15 

 16 
Robert P. Jechorek 17 
3M Food Safety Department 18 
3M Center - Bldg 260-6B-01  19 
St. Paul, MN 55144-1000 20 
Email: rpjechorek@mmm.com 21 
Phone: 651-733-9764 22 
 23 
Co-SD: TBD 24 

 25 
 Important Information 26 
  27 

 1.  Read the methods carefully.  If you have any questions, contact one of the co-Study Directors. 28 
 29 
 2.  It is advised to make at least one practice run before the trial using your own materials so that you 30 

can minimize errors in manipulations.  Check that all pipettes, equipment, and 3M Petrifilm SALX 31 
supplies are on hand. 32 

  33 
 3.  Make the determination on the specified date.  Store the test portions according to the instructions.  34 

It is essential for the validity of the trial that all collaborators commence the analysis of each test portion 35 
on the designated day.  Immediately upon receiving each shipment, confirm the contents with the Study 36 
Director by faxing the form provided in the shipment. 37 

 38 
 4.  THIS IS A STUDY OF THE METHOD, NOT OF THE LABORATORY.  THE METHOD MUST BE FOLLOWED AS 39 

CLOSELY AS PRACTICABLE, AND ANY DEVIATIONS FROM THE METHOD AS DESCRIBED, NO MATTER HOW 40 
TRIVIAL THEY MAY SEEM, MUST BE NOTED ON THE REPORT FORM. 41 

 42 
5.  Report all of your results as soon as analyses are completed.  Do not do more or less than indicated in 43 
the instructions.  For example, do not do duplicate analysis and report the best or average result.  More 44 
or fewer results complicate the statistical analyses and may invalidate your results.  Data sheets are 45 
provided with these instructions and indicate which results are to be reported.  Please include any 46 
criticisms, suggested improvements, or general comments about the products on the Collaborators’ 47 
Comments Form provided.  Any results that were derived from modified protocols should be included 48 
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but must be separated from the main report.  Results and comments should be returned to the Study 1 
Director immediately upon completion of each portion of the study. 2 
 3 
Information about this Collaborative Study 4 
 5 
Shipment Schedule 6 
 7 
Test portions will be shipped by overnight express courier to arrive the day before initiation of analysis.  8 
If the test portions do not arrive by the normal delivery time one day prior to analysis, please contact a 9 
co-Study Director.  All test portions will be shipped refrigerated.  Analysis of test portions must be 10 
initiated on the day scheduled by the Study Director. Test kits will be sent directly from 3M.  11 

 12 
Proposed analysis schedule 13 
 14 

Food Date Shipped Date Tested 
Raw ground beef 

(80/20) 
25g-SALX 
25g-MLG 

Thursday Monday 

Dry dog food 
375g-SALX 
25g-BAM 

Thursday Monday 

 15 
Test Portion Receipt 16 
 17 
Note condition of package on the data sheets and notify the Study Director if any packages appear to 18 
have been compromised or if the food product does not arrive in the appropriate condition.  All 19 
refrigerated products should arrive cold to the touch and should be stored at 4°C (refrigerated) until the 20 
day of analysis.  Dry products should be stored at room temperature until the day of analysis. 21 
 22 
Test Portion Analysis 23 
 24 
Collaborators will be provided with enough test portion to test each matrix using the 3M Petrifilm SALX 25 
method and the appropriate reference method.  For the week of raw ground beef testing, collaborators 26 
will receive two sets of test portions: 36 x 25g (3M) and 36 x 25g (MLG).  For the week of dry dog food 27 
testing, collaborators will receive: 36 x 375g (3M) and 36 x 25g (BAM).  See Appendices 8.5-8.6 for 28 
detailed instructions on analysis.  Please review the reference methods carefully before initiating 29 
analysis. 30 
 31 
One additional 60 g control (negative) test portion will be provided to each collaborator for each matrix 32 
to determine the total plate count on the day of analysis.  One temperature control sample will also be 33 
included in the shipment to document the temperature of the sample upon receipt. Record all results on 34 
the data sheet provided.   35 
 36 
 37 
 38 
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Food Type Reference Reference 
Pre-enrichment 

3M Petrifilm SALX 
1° Enrichment  

3M Petrifilm SALX 
2° Enrichment 

Raw ground 
beef (80/20) 

25g-SALX 
25g-MLG 

USDA-MLG2 BPW 
3M Salmonella 
enrichment + 
supplement 

Rappaport-Vassiliadis 
R10 (R-V R10) Broth 

Dry dog food 
375g-SALX 
25g-BAM 

FDA-BAM3 Lactose broth 
3M Salmonella 
enrichment + 
supplement 

None 

 1 
 2 
1.0 Ground beef - 3M Petrifilm SALX 3 

1.1 Aseptically add the 25g test portion to 225 mL pre-warmed (41.5°C) 3M Salmonella 4 
Enrichment Base with supplement.  5 

1.2 Mix in a Stomacher® bag with filter for 2 min. 6 
1.3 Incubate 18-24 hr at 41.5 ± 1°C. 7 
1.4 After primary enrichment incubation, transfer 0.1 mL of the primary enrichment into 10 8 

mL Rappaport-Vassiliadis R10 (R-V R10) Broth.  Incubate at 41.5 ± 1.0°C for 8-24 hours. 9 
1.5 Prior to analysis, hydrate the 3M Petrifilm SALX Plates using 2.0 mL of sterile distilled 10 

water.  After hydration, the liquid was spread across of the surface of the plate using a 11 
plastic spreader to evenly distribute the diluent.  The plates were left undisturbed and 12 
protected from light for a minimum of 1 hour prior to use.   13 

1.6 Streak each enriched test portion onto 3M Petrifilm SALX plate and incubate at 41.5° ± 14 
1°C for 24 ± 2 hours. 15 
 16 

1.7 Alternative 3M SALX Confirmation Method 17 
1.7.1 Using a fine tip marker, circle presumptive positive colonies (red to brown 18 

colonies with discrete yellow zones and/or gas bubbles) on the plate top film.  19 
1.7.2 Lift the top film and place a 3M Petrifilm Salmonella Express Confirmation Disk 20 

onto the gel.  Close the film using a gloved hand (while practicing good 21 
laboratory technique) and remove air bubbles by gently applying a sweeping 22 
motion with even pressure onto the top of the film with the analyst’s fingers.   23 

1.7.3 Incubate the plates with confirmation disks at 41.5° ± 1°C for 4 to 5 hours. 24 
1.7.4 Observe circled colonies for color change - red/brown to green blue, blue, dark 25 

blue or black confirm the colony as Salmonella species.  No color change, colony 26 
is negative. 27 

1.7.5 Transfer typical colonies from SALX plate to TSI/LIA slants.  Incubate 35 ± 1°C for 28 
24 ± 2h. 29 

1.7.6 Confirm a minimum of one typical colony per test portion with 30 
biochemical/serological procedures prescribed by the USDA/FSIS method. Either 31 
the API20E (Official Method 978.24) or the VITEK GN (Official Method 2011.17) 32 
will be used as an alternative to the conventional biochemical tests.  The 33 
somatic (O) and flagellar (H) tests will also be performed. 34 

                                           
2 http://www.fsis.usda.gov/PDF/MLG_4_05.pdf 
3 http://www.fda.gov/Food/ScienceResearch/LaboratoryMethods/BacteriologicalAnalyticalManualBAM/ucm070149.htm 
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 1 
1.8 Reference Method Confirmation 2 

1.8.1 Transfer 0.5 ± 0.05 mL 3M SALX enriched sample into 10 mL tetrathionate (TT-3 
Hajna) broth and 0.1 ± 0.02 mL into 10 mL modified Rappaport-Vassiliadis (mRV) 4 
broth.  Incubate at 42 ± 0.5°C for 22-24 h. 5 

1.8.2 Streak both secondary enrichments onto double modified lysine iron agar 6 
(DMLIA) or xylose lysine Tergitol (XLT4) agar and brilliant green sulfa (BGS) agar. 7 
Use one loopful of inoculum for each plate. Incubate 35 ± 2°C for 18-24h. Select 8 
colonies. Re-incubate all plates for an additional 18-24 h. Reexamine initially 9 
negative plates and pick colonies as above.  10 

1.8.3 Transfer typical colonies to TSI/LIA slants.  Incubate 35 ± 1°C for 24 ± 2h. 11 
1.8.4 Confirm a minimum of one typical colony per sample with 12 

biochemical/serological procedures prescribed by the USDA/FSIS method. Either 13 
the API20E (Official Method 978.24) or the VITEK GN (Official Method 2011.17) 14 
will be used as an alternative to the conventional biochemical tests.  The 15 
somatic (O) and flagellar (H) tests will also be performed. 16 

 17 
2.0 USDA-FSIS MLG Ch. 4.06 – Ground beef 18 

2.1 To each 25g test portion, add 225 mL buffered peptone water. Stomach each sample for 19 
approximately two minutes. Incubate at 35±1°C for 22±2h. 20 

2.2 Transfer 0.5 ± 0.05 mL enriched sample into 10 mL tetrathionate (TT-Hajna) broth and 21 
0.1 ± 0.02 mL into 10 mL modified Rappaport-Vassiliadis (mRV) broth.  Incubate at 42 ± 22 
0.5°C for 22-24 h. 23 

2.3 Streak both secondary enrichments onto double modified lysine iron agar (DMLIA) or 24 
xylose lysine Tergitol (XLT4) agar and brilliant green sulfa (BGS) agar. Use one loopful of 25 
inoculum for each plate. Incubate 35 ± 2°C for 18-24h. Select colonies. Re-incubate all 26 
plates for an additional 18-24 h. Reexamine initially negative plates and pick colonies as 27 
above.  28 

2.4 Transfer typical colonies to TSI/LIA slants.  Incubate 35 ± 1°C for 24 ± 2h. 29 
2.5 Confirm a minimum of one typical colony per sample with biochemical/serological 30 

procedures prescribed by the USDA/FSIS method. Either the API20E (Official Method 31 
978.24) or the VITEK GN (Official Method 2011.17) will be used as an alternative to the 32 
conventional biochemical tests.  The somatic (O) and flagellar (H) tests will also be 33 
performed. 34 

 35 
3.0 Dry dog food - 3M Petrifilm SALX: Aseptically add the 375g test portion to 3375 mL pre-warmed 36 

(41.5°C) 3M Salmonella Enrichment Base with supplement.  37 
3.1 Mix in a Stomacher® bag with filter for 2 min. 38 
3.2 Incubate 18-24 hr at 41.5 ± 1°C. 39 
3.3 Prior to analysis, hydrate the 3M Petrifilm SALX Plates using 2.0 mL of sterile distilled 40 

water.  After hydration, the liquid was spread across of the surface of the plate using a 41 
plastic spreader to evenly distribute the diluent.  The plates were left undisturbed and 42 
protected from light for a minimum of 1 hour prior to use.   43 

3.4 Streak each enriched test portion onto 3M Petrifilm SALX plate and incubate at 41.5° ± 44 
1°C for 24 ± 2 hours. 45 

3.5 After incubation, record presumptive positive or negative result. 46 
3.5.1 Positive – red to brown with yellow zone or gas bubble 47 
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3.5.2 Negative – no typical colonies present 1 
 2 

3.6 Alternative 3M SALX Confirmation Method 3 
3.6.1 Using a fine tip marker, circle presumptive positive colonies (red to brown 4 

colonies with discrete yellow zones and/or gas bubbles) on the plate top film.  5 
3.6.2 Lift the top film and place a 3M Petrifilm Salmonella Express Confirmation Disk 6 

onto the gel.  Close the film using a gloved hand (while practicing good 7 
laboratory technique) and remove air bubbles by gently applying a sweeping 8 
motion with even pressure onto the top of the film with the analyst’s fingers.   9 

3.6.3 Incubate the plates with confirmation disks at 41.5° ± 1°C for 4 to 5 hours. 10 
3.6.4 Observe circled colonies for color change - red/brown to green blue, blue, dark 11 

blue or black confirm the colony as Salmonella species.  No color change, colony 12 
is negative. 13 

3.6.5 Transfer typical colonies from SALX plate to TSI/LIA slants.  Incubate 35 ± 1°C for 14 
24 ± 2h. 15 

3.6.6 Confirm a minimum of one typical colony per test portion with 16 
biochemical/serological procedures prescribed by the USDA/FSIS method. Either 17 
the API20E (Official Method 978.24) or the VITEK GN (Official Method 2011.17) 18 
will be used as an alternative to the conventional biochemical tests.  The 19 
somatic (O) and flagellar (H) tests will also be performed. 20 

 21 
3.7 Reference Method Confirmation 22 

3.7.1 Transfer 0.5 ± 0.05 mL 3M SALX enriched sample into 10 mL tetrathionate (TT-23 
Hajna) broth and 0.1 ± 0.02 mL into 10 mL modified Rappaport-Vassiliadis (mRV) 24 
broth.  Incubate at 42 ± 0.5°C for 22-24 h. 25 

3.7.2 Streak both secondary enrichments onto double modified lysine iron agar 26 
(DMLIA) or xylose lysine Tergitol (XLT4) agar and brilliant green sulfa (BGS) agar. 27 
Use one loopful of inoculum for each plate. Incubate 35 ± 2°C for 18-24h. Select 28 
colonies. Re-incubate all plates for an additional 18-24 h. Reexamine initially 29 
negative plates and pick colonies as above.  30 

3.7.3 Transfer typical colonies to TSI/LIA slants.  Incubate 35 ± 1°C for 24 ± 2h. 31 
3.7.4 Confirm a minimum of one typical colony per sample with 32 

biochemical/serological procedures prescribed by the USDA/FSIS method. Either 33 
the API20E (Official Method 978.24) or the VITEK GN (Official Method 2011.17) 34 
will be used as an alternative to the conventional biochemical tests.  The 35 
somatic (O) and flagellar (H) tests will also be performed. 36 

 37 
4.0 FDA-BAM Chapter 5 – Dry dog food 38 

1.1.1. Add twenty 25g contaminated test portions and five 25g uncontaminated test portions 39 
to 225ml lactose broth.  Blend 2 min.  Let stand 60±5 min at room temperature.  Mix 40 
and adjust pH to 6.8±0.2 if necessary.  Incubate 24 ± 2h at 35°C. 41 

1.1.2. Transfer 0.1 mL to 10 mL RV broth (prepared from individual ingredients) and 1 mL to 10 42 
mL TT broth.  Incubate the RV at 42 ± 0.2°C for 24 ± 2 h.  Incubate the TT broth at 35 ± 43 
2.0°C for 24 ± 2 h in a forced air incubator. 44 

1.1.3. Mix and streak 3 mm loopful (10 µL) RV broth onto BS, XLD and HE agars. Repeat from 45 
TT broth. Incubate at 35°C for 24 ± 2 h.  Follow isolation procedure according to FDA-46 
BAM.   47 
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1.1.4. Transfer typical colonies to TSI and LIA.  Incubate at 35°C for 24 ± 2 h.   1 
1.1.5. Confirm 1 typical colony per test portion with biochemical/serological procedures 2 

prescribed by the FDA-BAM method.  Either the API20E® Enteric Identification System 3 
(Official Method 978.24), the MICRO-ID® (Official Method 989.12) or the VITEK® GNI 4 
(Official Method 991.13) will be used as an alternative to the conventional biochemical 5 
tests.  The somatic (O) and flagellar (H) tests will also be performed. 6 

 7 
Final Results 8 
 9 
All results are to be recorded on the data sheets provided.  For each test portion, record the results 10 
reported by the 3M method along with the confirmation results for both the 3M Petrifilm SALX and 11 
reference methods.  Immediately upon completion of each food type, the data sheet should be faxed or 12 
emailed to TBD, co-Study Director.  13 
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Appendix 8.2 - 3M Petrifilm SALX Collaborative Study Data Report Form, Raw Ground Beef 25g (3M Petrifilm SALX) 1 
Lab: Analyst start date:
Analyst: Analyst completion date:
Biochemical ID method: 3M SALX plate lot number:
APC: 3M SALX Confirmation Disk lot:

BGS XLT4 BGS XLT4 TSI LIA biochemical ID Somatic 
O

Flagellar 
H Final result

Result from 
3M SALX 

disk
TSI LIA biochemical ID Somatic 

O
Flagellar 

H Final result

+ if typical colonies/reaction present, - if no typical colonies/reaction present

3M SALX Confirmation

Sample#

3M Petrifilm SALX Method
Reference Method Confirmation

IDmRVTTPetrifilm 
Result

 2 
 3 

OMAMAN-08/Collaborative Study Protocol 
March 2014 

Expert Review Panel Use Only

AOAC R
es

ea
rch

 In
sti

tut
e 

Exp
ert

 R
ev

iew
 P

an
el 

Use
 O

nly



3M Petrifilm SALX Collaborative Study   July 2013 
OMA-2013-July-XXX 

DRAFT DOCUMENT 2 

3M Petrifilm SALX Collaborative Study Data Report Form, Raw Ground Beef (USDA/MLG) 1 
 2 
Lab: Analyst start date:
Analyst: Analyst completion date:
Biochemical ID method:
APC:

BGS XLT4 BGS XLT4 TSI LIA biochemical ID Somatic 
O

Flagellar 
H Final result

+ if typical colonies/reaction present, - if no typical colonies/reaction present

Sample#

Reference Method Confirmation
TT mRV ID

USDA/FSIS Method

 3 
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3M Petrifilm SALX Collaborative Study Data Report Form, Dry Dog Food 375g (3M Petrifilm SALX) 1 
 2 
Lab: Analyst start date:
Analyst: Analyst completion date:
Biochemical ID method: 3M SALX plate lot number:

3M SALX Confirmation Disk lot:

BS XLD HE BS XLD HE TSI LIA biochemical ID Somatic 
O

Flagellar 
H Final result Result from 

3M SALX disk TSI LIA biochemical ID Somatic 
O

Flagellar 
H Final result

+ if typical colonies/reaction present, - if no typical colonies/reaction present

mRVTT3M SALX 
Presumptive

Result
Sample#

3M Method
FDA-BAM Reference Method Confirmation

ID 3M SALX Confirmation

3 
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3M Petrifilm SALX Collaborative Study Data Report Form, Dry Dog Food 375g (FDA-BAM) 1 
 2 
 3 
Lab: Analyst start date:
Analyst: Analyst completion date:
Biochemical ID method: APC:

BS XLD HE BS XLD HE TSI LIA biochemical ID Somatic 
O

Flagellar 
H Final result

+ if typical colonies/reaction present, - if no typical colonies/reaction present

Sample#
TT mRV ID

FDA-BAM Method

4 
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Appendix 8.3 1 
 2 
 3 

3M Petrifilm SALX Collaborative Study 4 
Collaborator Comments Form 5 

 6 
 7 

Collaborating Laboratory: 8 
 9 
Date: 10 
 11 
General Comments about Method: 12 
 13 
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Appendix 8.4 1 
Study Materials 2 

 3 
Materials provided by collaborator 4 
Sterile 10µL inoculation loop. -  for streaking enrichments onto the SALX plate 5 
Permanent ultra fine tip marker. – for circling presumptive positive colonies on the SALX plate  6 
Sterile serological pipettes. – capable of 1mL 7 
Pipettes. – capable of 100µL 8 
Sterile pipette tips. – capable of 100µL 9 
Stomacher®. – Seward or equivalent  10 
Filter Stomacher® bags. - Seward or equivalent 11 
Incubators. – capable of maintaining 41.5° ± 1°C 12 
Incubator -capable of maintaining 35°C± 1°C 13 
Waterbath- capable of maintaining 42°C± 0.2°C(circulating, thermostatically controlled) 14 
Freezer. – capable of maintaining -10° to -20°C, for storing opened SALX pouches , hydrated SALX  15 
plates, SALX plates after incubation  16 
Refrigerator. – capable of maintaining 2° - 8°C, for storing unopened 3M SALX plates and SALX disks 17 
Sterile distilled water 18 
 19 
Materials and reagents provided by the study sponsor 20 
 21 
3M Petrifilm Salmonella Express Plate 22 
3M Petrifilm Salmonella Confirmation Disk  23 
3M Salmonella Enrichment Broth 24 
3M Salmonella Enrichment Supplement 25 
3M Rappaport-Vassiliadis R10 (R-VR10) broth 26 
3M Petrifilm Flat Spreader 27 
 28 
Enrichment 29 
Buffered Peptone Water 30 
Lactose Broth 31 
mRV  32 
TT broth (Hajna formulation) 33 
 34 
Selective agar 35 
Hektoen Agar - BAM  36 
XLD Agar - BAM 37 
BS - BAM 38 
XLT4 Agar - MLG  39 
BGS - MLG 40 
 41 
Confirmation 42 
TSI 43 
LIA 44 
API 20E or VITEK 45 
O and H serotyping supplies 46 
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Ground beef

0.1ml sample + 10ml mRV
0.5ml sample + 10ml TT 

(Hanja) 
22-24h at 42 ± 0.5°C

Streak to XLT4 (or DMLIA), BGS
Incubate at 35±1°C

Examine at 18-24h & 42-48h 

Transfer typical colonies 
to TSI/LIA slants
24±2h at 35±1°C

Biochemical/serological 
confirmations on all 

enrichments according to 
USDA/FSIS

Hydrate SALX plate with 
2.0 mL DI water, close top 

film gently, use 3M 
spreader to distribute 

diluent evenly, let sit on 
bench at least 1 hr prior to 
use, protected from light

3M USDA

25g + 225ml BPW
Stomach 2 min

22±2h h at 35±1°C

Streak enriched sample onto 
gel of SALX plate. Close topfilm 

and incubate 41.5±1°C for 
24±2 hr.

0.1ml sample + 10ml mRV
22-24h at 42 ± 0.5°C

Streak mRV to XLT4 (or 
DMLIA), BGS

Incubate according to 
individual plate instructions.

Transfer typical colonies 
to TSI/LIA slants
24±2h at 35±1°C

Biochemical/serological 
confirmations on all 

enrichments according to 
USDA/FSIS

Transfer typical colonies 
to TSI/LIA slants
24±2h at 35±1°C

Biochemical/serological 
confirmations on all 

enrichments according to 
USDA/FSIS

Place room temperature SALX 
confirmation disk onto SALX 

plate, under top film and incubate
41.5±1°C for 4-5 h 

0.5ml sample 
+ 10ml TT (Hanja) 

22-24h at 42 ± 0.5°C

Streak TT to XLTA (or 
DMLIA), BGS

Incubate according to 
individual plate instructions.

Reference Method 
Confirmation

3M SALX
 Method Confirmation

3M SALX Method

25g + 225mL 3M Salmonella Enrichment + 
Supplement (prewarmed to 41.5C)

Homogenize 2 min
18-24h at 41.5±1°C

Circle presumptive Salmonella 
colonies (red to brown with 
yellow zone or gas bubble)

Record sample as positive if 
typical colonies appear on 

SALX plate

Record confirmed + results: 
green to blue, blue to dark blue 

or black or have a blue 
precipitate around

0.1 ml + 10ml R-V R10
8-24h at 41.5±1°C

Appendix 8.5 – Flow Diagram for Raw Ground Beef (25g) 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 

10 
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Appendix 8.6 – Flow Diagram for Dry Dog Food 1 
(372 

Dry dog food

25g + 225ml Lactose broth,
Blend 2 min and let stand 60±5 min at room temp

Mix and adjust pH to 6.8±0.2 if necessary
24±2h h at 35°C

0.1ml sample + 10ml 
RV, 24±2h at 
42±0.2°C in 

circulating waterbath

BAM

375g + 3375mL 3M Salmonella Enrichment + 
Supplement (prewarmed to 41.5C)

Homogenize 2 min
18-24h at 41.5±1°C

3M

0.1ml sample + 
10ml RV, 24±2h at 

42±0.2°C in 
circulating 
waterbath

Transfer typical colonies 
to TSI/LIA slants
24±2h at 35°C

1.0ml sample + 
10ml TT, 24±2h 

at 35±2°C

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

Streak to XLD, HE, BS- 
incubate according to specific 

plate instructions

3M SALX Method
3M SALX Method 

Confirmation

Reference Method 
Confirmation

Transfer typical colonies 
to TSI/LIA slants
24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

Streak to XLD, HE, BS - 
incubate according to specific 

plate instructions

1.0ml sample + 
10ml TT, 24±2h 

at 35±2°C
Hydrate SALX plate with 

2.0 mL DI water, close top 
film gently, use 3M 

spreader to distribute 
diluent evenly, let sit on 

bench at least 1 hr prior to 
use, protected from light

Streak enriched sample onto 
gel of SALX plate. Close topfilm 

and incubate 41.5±1°C for 
24±2 hr.

Transfer typical colonies 
to TSI/LIA slants
24±2h at 35±1°C

Biochemical/serological 
confirmations on all 

enrichments according to 
FDA-BAM

Place room temperature SALX 
confirmation disk onto SALX 

plate, under top film and incubate
41.5±1°C for 4-5 h 

Circle presumptive Salmonella 
colonies (red to brown with 
yellow zone or gas bubble)

Record sample as positive if 
typical colonies appear on 

SALX plate

Record confirmed + results: 
green to blue, blue to dark blue 

or black or have a blue 
precipitate around
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Evaluation of the 3M™ Petrifilm™ Salmonella Express System for the Detection of 
Salmonella in Select Foods 

 
AOAC Research Institute 

Performance Tested Method 
 
Abstract  
The 3M™ Petrifilm™ Salmonella Express SALX System is used for the rapid and specific detection and l biochemical confirmation of 
Salmonella spp. from enriched food matrices.  The 3M Petrifilm SALX System was compared to the USDA/FSIS-MLG 4.05 Isolation and 
Identification of Salmonella from Meat, Poultry, Pasteurized Egg and Catfish Products for raw ground chicken, pasteurized liquid whole 
egg, raw ground beef, raw ground pork, and cooked chicken nuggets and to FDA/BAM Chapter 5 Salmonella for frozen uncooked 
shrimp, fresh bunched spinach, dry dog food, and stainless steel.  Twenty (20) replicates of each matrix were analyzed at one inoculum 
level:  0.2-2 CFU/test portion.  Five (5) control replicates were also analyzed at 0 CFU/test portion (un-inoculated).  Results were 
analyzed by both the Mantel-Haenszel chi square for unpaired test portions and by the Probability of Detection (POD).  There were no 
statistically significant differences in the number of positive samples detected and confirmed by the 3M Petrifilm SALX System and the 
reference methods for the nine matrices analyzed.  Lot-to-lot assay variability, shelf-life stability, and assay ruggedness parameters 
(primary enrichment incubation time, incubation time of the 3M™ Petrifilm™ Salmonella Plate, incubation temperature of the 3M™ 
Petrifilm™ Salmonella Plate, incubation temperature of the 3M™ Petrifilm™ Salmonella Disk, incubation time of the 3M™ Petrifilm™ 
Salmonella Disk, and various plate rehydration options were evaluated and found no unexpected results.   The 3M™ Petrifilm™ SALX 
System demonstrated reliability as a rapid qualitative method for the detection and biochemical confirmation of Salmonella in a wide 
variety of foods. 
 
Method Author   
Robert P. Jechorek 
3M Food Safety Department 
3M Center - Bldg 260-6B-01  
St. Paul, MN 55144-1000 
 
Submitting Company  
3M Company 
Food Safety Department 
3M Center, Bldg. 275-5W-05 
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St. Paul, MN 55144-1000 
 
Independent Laboratory  
Aegis Food Testing Laboratories  
224 Derby Lane 
North Sioux City, SD  57049 
 
Reviewers of Final Submission  
Yi Chen 
Microbial Methods Development Branch 
Division of Microbiology 
Office of Regulatory Science 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway, Rm 3E-021 
College Park, MD 20740 
 
Michael Brodsky 
Brodsky Consultants 
73 Donnamora Crescent 
Thornhill, Ontario L3T 4K6 
Canada 
 
Wayne Ziemer 
Consultant 
1301 Kristen Lane 
Loganville, GA 30052 
 
General Information 
Salmonella is widely dispersed in nature and is spread via the fecal/oral route1.   According to the CDC2, Salmonella species are 
responsible for about 48 million cases of food borne illness each year.  Salmonella is found in a wide variety of foods including:   Meats, 
poultry, eggs, milk and dairy products, fish, shrimp, spices, yeast, coconut, sauces, cream-filled desserts, peanut butter, cocoa, produce 
(fruits and vegetables, such as tomatoes, peppers, and cantaloupes), and chocolate1.  Traditional culture and confirmation methods for 
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Salmonella can take as long as 5-7 days to provide confirmed results.  The 3M™ Petrifilm™ Salmonella Express System was developed 
to provide rapid and specific detection and biochemical confirmation of Salmonella species in as little as 44 hours from enriched food 
samples.  
 
Principle  
The 3M PetrifilmSALX method is intended for the rapid and specific detection and biochemical confirmation of Salmonella from food and 
food process environmental samples after enrichment in 3M™ Salmonella Enrichment Base with the added 3M™ Salmonella Enrichment 
Supplement. The 3M™ Petrifilm™ Salmonella Express Plate is a sample ready-to-use chromogenic culture medium system that contains a 
cold-water-soluble gelling agent and is selective and differential for Salmonella, providing a presumptive result in as little as 44 hours from 
low microbial background foods (≤104 cfu/g), and 52 hours from high microbial background foods (≥104 cfu/g). The 3M™ Petrifilm™ 
Salmonella Express Confirmation Disk contains a biochemical substrate that facilitates the biochemical confirmation of Salmonella 
organisms. 
 
The limit of detection of a method is defined as the lowest concentration point where reliable analytical results can be obtained. This 
can vary with different serotypes.  For the 3M Petrifilm SALX System this has been demonstrated to be 1-5 CFU/ 25 g of sample. 
 
The 3M Petrifilm SALX System has been validated using representative samples of the following matrices: raw ground chicken, pasteurized 
liquid whole egg, raw ground beef, raw ground pork, and cooked chicken nuggets, frozen uncooked shrimp, fresh bunched spinach, dry dog 
food, and stainless steel.  
 
As with all test methods, the enrichment medium formulation can influence the results.  The 3M Petrifilm SALX Plate has only been 
evaluated for use with the 3M Salmonella Enrichment Base, the 3M Salmonella Enrichment Supplement, and Rappaport-Vassiliadis R10 (R-
V R10) Broth (typical formulation of R-V R10 broth follows below): 
Typical Formula  
Magnesium chloride 
(anhydrous)  13.4 grams 

Sodium chloride  7.2 grams 
Casein peptone 4.54 grams 
Monopotassium phosphate 1.45 grams 
Malachite green  0.036 grams 
Demineralized water     1000.0 mL 
pH 5.1 ± 0.2 @ 25°C 
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Adjust pH as required to meet performance standards. 
Plate presumptive positive results are confirmed by using the 3M Petrifilm Salmonella Express Disk.  
 
Materials and Methods 
 
Test Kit Information  
Kit Name:  3M™ Petrifilm™ Salmonella Express System 
Catalog Numbers: 
3M Salmonella Enrichment Broth:  SEB500 - 500g/bottle, SEB025 - 2.5kg/bottle 
3M Salmonella Enrichment Supplement:   SESUP001 - 1.0g/vial 
3M Petrifilm Salmonella Express Plate:   
6536 - Petrifilm Salmonella Express Plate 25 plates/pouch; 2 pouches/box 
6537 - Petrifilm Salmonella Express Plate 25 plates/pouch; 8 pouches/case 
3M Petrifilm Salmonella Confirmation Disk: 
6538  Petrifilm Salmonella Confirmation Disk - 5 disks/pouch; 1 pouch/box 
6539 - Petrifilm Salmonella Confirmation Disk - 5 disks/pouch; 5 pouches /case 
 
Ordering Information  
3M United States 
3M Center 
Food Safety Department 
Bldg. 275-5W-05 
St. Paul, MN 55144-1000 
USA 
1-800-328-6553 
 
Non-US information  
3M Canada 
Post Office Box 5757 
London, Ontario N6A 4T1 
Canada 
1-800-563-2921 
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3M Europe and MEA 
3M Deutschland GmbH 
Carl-Schurz - Strasse 1 
D41453 Neuss/Germany 
+49-2131-14-3000 
 
3M Latin America 
3M Center 
Bldg. 275-5W-05 
St. Paul, MN 55144-1000 
USA 
1-954-340-8263 
 
3M Asia Pacific 
No 1, Yishun Avenue 7 
Singapore, 768923 
65-64508869 
 
3M Japan 
3M Health Care Limited 
33-1, Tamagawadai 2-chrome 
Setagaya-ku, Tokyo 
158-8583, Japan 
81-570-011-321 
 
3M Australia 
Bldg A, 1 Rivett Road 
North Ryde, NSW 2113 
Australia 
61 1300 363 878 
 
3M Petrifilm Salmonella Express (SALX) Method Components – all packaged separately 
1. 3M Salmonella  Enrichment  Base  

+49-2131-14-3000
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2. 3M Salmonella  Enrichment Supplement  
3. 3M Petrifilm Salmonella  Express (SALX) Plate  
4. 3M Petrifilm Salmonella  Express (SALX) Confirmation Disk 

 
Additional Supplies and Reagents available from 3M Food Safety, St. Paul, MN 
1. 3M Petrifilm Flat Spreader 
2. 3M Rappaport-Vassiliadis R10 (R-VR10) Broth 
 
Additional Supplies and Reagents required but not provided 
1. Sterile 10µL inoculation loop. -  for streaking enrichments onto the SALX plate 
2. Permanent ultra fine tip marker. – for circling presumptive positive colonies on the SALX plate  
3. Sterile serological pipettes. – capable of 1mL 
4. Pipettes. – capable of 100µL 
5. Sterile pipette tips. – capable of 100µL 
6. Stomacher®. – Seward or equivalent  
7. Filter Stomacher® bags. - Seward or equivalent 
8. Incubators. – capable of maintaining 41.5° ± 1°C 
9. Freezer. – capable of maintaining -10° to -20°C, for storing opened SALX pouches , hydrated SALX  plates, SALX plates after 

incubation  
10. Refrigerator. – capable of maintaining 2° - 8°C, for storing unopened 3M SALX plates and SALX disks 
11. Sterile distilled water 
12. Sterile reverse osmosis water 
13. Sterile Butterfield’s Phosphate Diluent 
 
Safety Precautions 
The 3M Petrifilm SALX System is intended for use in a laboratory environment by professionals trained in laboratory techniques. 3M has not 
documented the use of this product in industries other than food. For example, 3M has not documented this product for testing water, 
pharmaceutical, cosmetic, clinical or veterinary samples. The 3M Petrifilm SALX System has not been evaluated with all possible food 
products, food processes and food processing environments, testing protocols or with all possible strains of bacteria and may not detect all 
Salmonella strains. 3M has not validated the 3M Petrifilm SALX System using composite samples. 
 
Do not use the 3M Petrifilm SALX System in the diagnosis of conditions in humans or animals. 
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3M Petrifilm SALX System will not specifically differentiate some lactose positive Salmonella sp. (primarily S. arizonae and S. diarizonae) 
from other lactose positive organisms.  Lactose positive Salmonella strains will appear as non-Salmonella (blue colonies, green colonies, 
blue to green colonies, and/or black colonies with or without a yellow zone and/or associated gas bubble).  It has been stated that these 
strains account for less than 1% of the total Salmonella serotypes2. 
The user must train its personnel in current proper testing techniques: for example, Good Laboratory Practices or ISO 170253,4. 

 
After use, the enrichment medium and the 3M Molecular Detection Assay E. coli O157 tubes can potentially contain pathogenic 
materials. When testing is complete, follow current industry standards for the disposal of contaminated waste. Consult the Material 
Safety Data Sheet for additional information and local regulations for disposal. 
 
 
 

  
SAMPLE ENRICHMENT 
Foods 
Table 1 presents guidance for test matrix samples.  It is the user’s responsibility to validate alternate sampling protocols (e.g., compositing) 
or dilution ratios to ensure this test method meets the user’s criteria. 
For Low Microbial Load Foods: 
 Low microbial load foods have a total aerobic colony count of ≤ 104 colony forming units/gram.  Examples include: pasteurized, cooked, 
or processed foods. 
1. Incubate at 41.5 ± 1.0°C for 18-24 hours (see Table 1).  
 
For High Microbial Load Foods:  
 High microbial load foods have a total aerobic colony count of > 104 colony forming units/gram and require the use of Rappaport-
Vassiliadis R10 (R-V R10) Broth.  Examples include: raw, unprocessed foods. 
2. Incubate at 41.5 ± 1.0°C for 18-24 hours (see Table 1).  
2. After primary enrichment incubation, transfer 0.1 mL of the primary enrichment into 10.0 mL Rappaport-Vassiliadis R10 (R-V R10) Broth.  

Incubate at 41.5 ± 1.0°C for 8-24 hours. 
 

Environmental samples 
For sample collection, use a biocide-free cellulose sponge hydrated with Dey-Engley (D/E) Neutralizing Broth. Following user established 
procedures, remove any remaining D/E Neutralizing Broth residue from the sampled surface.   
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The recommended size of the sampling area to verify the presence or absence of the pathogen on the surface is 100 cm2 (10 cm x 10 cm 
or 4 in. x 4 in.)4. When sampling with a sponge, cover the entire area going in two directions (left to right then up and down). 
 

1. .  
2. If the environmental sample has a high microbial load (total aerobic colony count of > 104 colony forming units/sample), then after 

primary enrichment incubation, transfer 0.1 mL of the primary enrichment into 10.0 mL Rappaport-Vassiliadis R10 (R-V R10) Broth.  
Incubate at 41.5 ± 1.0°C for 8-24 hours. 
 

 
Table 1: Sample Enrichment Protocols 

TEST MATRIX 

HIGH 

MICROBIAL 

LOAD  

(≥104CFU/
G) 

SAMPLE 

SIZE 

PRIMARY ENRICHMENT SECONDARY ENRICHMENT 

ENRICHMENT 

VOLUME (ML) 
Temperature  

(±1.0°C) 
Enrichment 

Time (hr) 
ENRICHMENT 

MEDIUM 
Temperature  

(±1.0°C) 
Enrichment 

Time (hr) 

Foods: Raw 
Meat, Poultry 

 

  

25 g 225 

41.5 18-24 

R-V R10 Broth : 
0.1 mL into 

10.0 mL 
41.5 8-24 

Foods: 
Seafood and 

Fish 

 

  

25 g 225 
R-V R10 Broth : 

0.1 mL into 
10.0 mL 

41.5 8-24 

Foods: 
Pasteurized 

Eggs 
 100 g 900 Not required for low microbial load foods. 

Animal Feed  375 g 3375 Not required for low microbial load foods. 
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Foods: 
Produce 

 

  

25 g 225 
R-V R10 Broth : 

0.1 mL into 
10.0 mL 

41.5 8-24 

Environmental * 1 Sponge 225 

Not required for low microbial load foods. 
Other Foods * 

Follow appropriate 
reference method for 

sample size and 
enrichment volume 

*  SOME ENVIRONMENTAL AND OTHER FOOD SAMPLES MAY HAVE A HIGH MICROBIAL LOAD AND  REQUIRE THE USE OF R-V  R10 SECONDARY ENRICHMENT. 
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PLATE HYDRATION 1 

1. Use prescribed sterile diluents to hydrate the 3M Petrifilm SALX Plates:  2 
Butterfield’s Phosphate Diluent, distilled water, or reverse osmosis water. 3 

2. Place the 3M Petrifilm SALX Plate on a flat, level surface (figure A). 4 
3. Lift the top film and with the pipette perpendicular dispense 2.0 mL ± 0.1 mL of sterile diluent onto 5 

the center of bottom film (figure B).  Do not close the top film before dispensing the entire 2.0 mL 6 
volume. 7 

4. Gently roll down the top film onto the diluent to prevent trapping air bubbles (figure C).  8 
5. Place the 3MTM PetrifilmTM Flat Spreader (Catalog #6425) on the center of the plate. Press gently on 9 

the center of the spreader to distribute the diluent evenly. Spread the diluent over the entire 3M 10 
Petrifilm SALX Plate growth area before the gel is formed. Do not slide the spreader across the film 11 
(figure D).  12 

6. Remove the spreader and leave the 3M Petrifilm SALX Plate undisturbed for at least 1 minute. 13 
7. Place 3M Petrifilm SALX Plate on a flat surface for at least 1 hour at room temperature (20-25°C / 14 

<60% RH), protected from light, to allow the gel to form.   Hydrated 3M Petrifilm SALX Plates can be 15 
stored at room temperature (20-25°C / <60% RH) for up to 8 hours before use if protected from 16 
light,.  If hydrated 3M Petrifilm SALX Plates will not be used within 8 hours, seal them in a plastic bag,.  17 
protected from light and store at -20 to -10°C for up to 5 days.  18 

8. After 3M Petrifilm SALX Plates are removed from storage, allow them to warm to room temperature 19 
before use. 20 
 21 

PLATE INOCULATION 22 

1. Remove the enrichment medium from the incubator and agitate contents by gentle hand massage. 23 
2. Use a sterile 10 µL loop (3 mm diameter) to withdraw each sample.  Use a smooth loop (one that 24 

does not have jagged edges and is not distorted) to prevent the gel surface from breaking.   25 
3. Open the 3M Petrifilm SALX Plate and streak onto the gel (figure E). Perform a single streak to obtain 26 

isolated colonies (Figure 1).  27 
 28 
 29 

 30 
Figure 1: Streaking pattern on the 3M Petrifilm SALX Plate 31 
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4.  Roll down the top film to close the 3M Petrifilm SALX Plate. 1 
5. Using a gloved hand (while practicing good laboratory practices to avoid cross contamination 2 
and/or direct contact with the plate), gently apply a sweeping motion with even pressure onto the top 3 
film to remove any air bubbles in the inoculation area (figure F). 4 
 5 

PLATE INCUBATION 6 
Incubate plates at 41.5 ± 1.0°C for 24 hours ± 2 hours in a horizontal position with the colored side up in 7 
stacks of no more than 20 plates. 8 
INTERPRETATION 9 
1. Remove the 3M Petrifilm SALX Plates from the incubator andVisually examine the isolated 10 
colonies. See Table 2.  Do not count artifact bubbles that may be present.  Note:  11 
Using indirect back lighting may enhance reading of colony color, discrete yellow zones, and gas 12 
bubbles associated with a colony. 13 
 14 
2. Presumptive positive Salmonella species are red to brown colonies with a yellow zone or 15 
associated gas bubble, or both (figure G).  An associated gas bubble is defined as being located within one 16 
colony diameter distance from the colony (see Table 2 below). 17 

 18 
Table 2: Interpretation for Presumptive Positive Salmonella species 19 

Colony Color Colony Metabolism 

Result 
Red 

Dark 
Red 

Brown 
Yellow 
zone 

Gas bubble 

       Presumptive + 

       Presumptive + 

        Presumptive + 

       Presumptive + 

       Presumptive + 

        Presumptive + 

       Presumptive + 

       Presumptive + 

        Presumptive + 

 20 

 21 
Non-Salmonella species (figure H): 22 
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 1 
• Blue colonies, green colonies, blue to green colonies, and/or black colonies with or without a yellow 2 

zone and/or associated gas bubble are non-Salmonella organisms. 3 
• Red, dark red, and brown colonies with no yellow zone and no associated gas are non-Salmonella 4 

organisms. 5 
• Red, dark red, and brown colonies with a magenta zone are non-Salmonella organisms. 6 

 7 
If presumptive positive Salmonella colonies are not present, then report the results as Salmonella not 8 
detected in the matrix.   9 
  If presumptive positive Salmonella colonies are present, then continue with the following Biochemical 10 
Confirmation steps: 11 

a. On the 3M Petrifilm SALX Plate top film, circle up to five isolated presumptive positive Salmonella 12 
colonies using a permanent, ultra fine tip marker (figure I). 13 

b. Biochemically confirm all Salmonella presumptive positive results using the 3M Petrifilm SALX 14 
Confirmation Disk. See the Biochemical Confirmation section. 15 
Note: If the 3M Petrifilm SALX Plates cannot be analyzed within 1 hour of removal from the incubator, 16 
first circle the presumptive Salmonella  colonies on the top film by using a permanent, ultra fine tip 17 
marker and then place the plates in a sealed plastic bag for later analysis.  Protect 3M Petrifilm SALX 18 
Plates from light and store at -20 to -10°C for no longer than 72 hours.  Allow plates to warm to room 19 
temperature (20-25°C / <60% RH) before adding the disk to the plate. 20 
 21 

 WARNING: To reduce the risks associated with a false-negative result leading to the release of 22 
contaminated product and the possibility of false positive results requiring a retest, always use a permanent, 23 
ultra fine tip marker to circle the characteristic presumptive Salmonella colonies on the top film of the 3M 24 
Petrifilm SALX Plate before appropriate storage of the plate and/or before placing the 3M Petrifilm SALX 25 
Confirmation Disk onto the gel. 26 

 27 
BIOCHEMICAL CONFIRMATION  28 

NOTE: Use  good laboratory practices to avoid cross contamination and/or direct contact with the 3M 29 
Petrifilm SALX Plate and/or 3M Petrifilm SALX Confirmation Disk. 30 

1.  Remove an individually packaged 3M Petrifilm SALX Confirmation Disk from its pouch and allow it to 31 
come to room temperature (20-25°C / <60% RH).  Then remove the 3M Petrifilm SALX Confirmation Disk 32 
from its individual package by peeling the package to expose the 3M Petrifilm SALX Confirmation Disk’s 33 
tab, grasping the tab with a gloved hand, and removing the 3M Petrifilm SALX Confirmation Disk. 34 

2. Lift the top film (with the already circled presumptive Salmonella colonies) of the 3M Petrifilm SALX 35 
Plate and insert the 3M Petrifilm SALX Confirmation Disk by rolling it onto the gel to avoid entrapping air 36 
bubbles (figure J). Close the 3M Petrifilm SALX Plate. 37 

3. Using a gloved hand, gently apply a sweeping motion with even pressure onto the top film to remove 38 
any air bubbles in the inoculation area and assure good contact between the gel and the 3M Petrifilm 39 
SALX Confirmation Disk (figure K). 40 

4. Incubate the 3M Petrifilm SALX System (plate and disk) at 41.5 ± 1.0°C for 4 - 5 hours in a horizontal 41 
position, colored side up, no higher than 20 plates. 42 

5. Remove the 3M Petrifilm SALX System from the incubator and proceed with reading the results. Only 43 
interpret the results for the circled presumptive Salmonella  colonies.  : 44 
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 1 
 

 
   

     

     

     

 2 

•   Biochemically confirmed positive results: 3 
Colonies that are green to blue, blue to dark blue, or black or have a blue precipitate around them are 4 
biochemically confirmed positive for Salmonella species. 5 
 6 

•   Biochemically confirmed negative results: 7 
Colonies that remain the same red, dark red or brown color without a blue precipitate are negative for 8 
Salmonella species. 9 
 10 

6. Colonies may be subcultured for further identification. When subculturing, wear appropriate protective 11 
apparel and follow standard good laboratory safety practices (GLP)2.   12 

a. With a gloved hand, lift the top film and aseptically remove the colony either from the gel or the 3M 13 
Petrifilm SALX Confirmation Disk. If a 3M Petrifilm SALX Confirmation Disk is covering the gel, 14 
aseptically peel the disk away and then aseptically remove the colony from the gel.  15 

b. Streak the colony onto/into media per appropriate reference method 5,6,7. 16 
NOTE: If the colonies cannot be subcultured within 1 hour of plate removal from the incubator, then 17 
store the 3M Petrifilm SALX Plates for later analysis by placing in a sealed plastic bag  at -20 to -10°C for 18 
no longer than 72 hours in the dark.  Allow 3M Petrifilm SALX Plates to warm to room temperature (20-19 
25°C / <60% RH) before continuing subculturing for identification.  20 

7. After the test is complete, dispose of the 3M Petrifilm SALX Plates and 3M Petrifilm SALX Confirmation 21 
Disks in accordance with current industry standards and/or local regulations. 22 

 23 
 24 
 25 

 26 
 27 
 28 

Validation Study 29 
This study was conducted according to AOAC guidelines outlined in the AOAC General Referee approved 30 
harmonized PTM/OMA validation protocol, “Validation Outline for 3M™ Petrifilm™ Salmonella Express 31 
System.” 32 

 33 
Inclusivity Testing Methodology 34 
Inclusivity testing was conducted to ensure that the 3M Petrifilm SALX System can detect many 35 
different serovars of Salmonella.  One hundred four (104) pure cultures (Table 2 in Appendix) were 36 
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used to confirm the inclusivity of the test, post complete low and high microbial load enrichment of 1 
the organisms.  Organisms were cultured overnight in 3M Salmonella Enrichment Broth with 3M 2 
Salmonella Enrichment Supplement at 41.5 ± 1oC for 18 hours then diluted via ten-fold serial dilutions 3 
in the enrichment medium and supplement to a level of less than 105 CFU/mL (Colony Forming 4 
Unit/mL) prior to evaluation following the 3M Petrifilm SALX System.   5 

 6 
Exclusivity Testing Methodology  7 
Exclusivity testing was conducted to ensure that the 3M Petrifilm SALX System is specific for the 8 
detection of the target organisms.  Thirty-two (32) different non- Salmonella pure cultures (Table 3 in 9 
Appendix) were used to confirm the exclusivity of the test.  Organisms were cultured overnight in 10 
Brain Heart Infusion Broth (BHI) at 37° ± 1 oC for 18 hours then evaluated following the 3M SALX 11 
System.   12 
 13 
Inclusivity/Exclusivity Results  14 
All 104 cultures tested in the inclusivity study were correctly detected and confirmed as Salmonella 15 
and all of the 32 non- Salmonella cultures tested in the exclusivity study were negative for Salmonella 16 
by the 3M Petrifilm SALX System.   17 
 18 
Ruggedness Testing Methodology 19 
This study evaluated the ability of the 3M Petrifilm SALX System to remain unaffected by variations in 20 
method parameters that might be expected to occur when the method is performed by an end user.  21 
The effects of perturbations in six method parameters were investigated: 22 
1. Primary enrichment incubation time: Following the Sample Enrichment instructions, organism 23 
enrichment was carried out for 16, 18, 24, and 26 hours. 24 
2. Incubation time of the 3M Petrifilm SALX Plate: Following the Plate Incubation instructions, the 25 
inoculated the 3M Petrifilm SALX Plates were incubated for 20, 22, 24, 26 and 28 hours. 26 
3. Incubation temperature of the 3M SALX Plates:   Following the Plate Incubation instructions, inoculated 27 
3M Petrifilm SALX Plates were incubated at the following temperatures: 40, 41.5, and 43°C. 28 
4.  Incubation time of the 3M Petrifilm SALX Confirmation Disk:  Following the instructions for Biochemical 29 
Confirmation, the 3M Petrifilm SALX Confirmation Disk was added to inoculated 3M Petrifilm SALX Plates 30 
for 2, 3, 4, 5, and 6 hours. 31 
5.  Incubation temperature of the 3M SALX Confirmation Disk:   Following the instructions for Biochemical 32 
Confirmation, the 3M Petrifilm SALX Confirmation Disk was added to inoculated 3M Petrifilm SALX Plates 33 
and incubated at 40, 41.5 and 43°C. 34 
6. Various plate hydration options:   Following the Plate Hydration instructions, 3M Petrifilm SALX Plates 35 
were hydrated with sterile reverse osmosis water (RO), Butterfield Phosphate Diluent, and sterile distilled 36 
water before inoculation.  37 
 38 
Two serovars of Salmonella (S. Typhimurium ATCC 14028 and S. Enteritidis ATCC 13076) were analyzed 39 
within one log of the limit of detection of the kit.  Each serovar was cultured in 3M Salmonella Enrichment 40 
Broth with 3M Salmonella Enrichment Supplement using both the low and high microbial load protocols 41 
and then diluted in the same broth to within one log limit of detection of the kit.  One non-Salmonella 42 
organism (Citrobacter braakii ATCC 43162) was analyzed at the overnight growth level achieved in a 43 
nonselective broth (BHI).  Ten (10) replicates of each organism were analyzed using the 3M Petrifilm SALX 44 
System for each ruggedness parameter with the exception of the hydration fluid.  For this parameter, thirty 45 
(30) replicates of each organism were tested.  46 

 47 



February 20, 2013 

15 

 

Ruggedness Testing Results 1 
Results for the 3M Petrifilm SALX System ruggedness study are summarized in Tables 4-7 in the Appendix. 2 
Both Salmonella strains were positive for all replicates and method variations.  The Citrobacter braakii 3 
strain was negative for all replicates and method variations.  4 
 5 
Shelf Life and Lot-to-Lot Consistency Methodology 6 
For the shelf life study, one lot of plates and disks was evaluated.  Two more lots are being produced.  7 
Results from the two new lots will be submitted with the yearly PTM renewal. The target shelf-life for the 8 
3M Petrifilm SALX Plates and 3M Petrifilm SALX Confirmation Disks is 18 months.  9 
 10 
Two serovars of Salmonella (Salmonella Typhimurium ATCC 14028 and Salmonella Poona NCTC 4840) and 11 
one non-Salmonella strain (Citrobacter braakii  ATCC 13048) were analyzed.  Each organism was cultured in 12 
3M Salmonella Enrichment with 3M Salmonella Enrichment Supplement and then diluted in the same broth 13 
to within one log limit of detection of the method.  For each organism, five replicates of were tested (10 14 
positive and 5 negative) using the 3M Petrifilm Salmonella Express System Method. 15 
 16 
Shelf Life and Lot-to-Lot Consistency Results 17 
Results presented are for shelf life of the one lot of 3M Petrifilm SALX plates and disks. Results are 18 
summarized in Table 8 in the Appendix.  Both Salmonella serovars were positive for all replicates 19 
tested. The Citrobacter braakii strain was negative for all replicates. 20 
 21 
3M Petrifilm Salmonella Express System Method-Reference Method Comparison The 3M Petrifilm 22 
Salmonella Express System was compared to the FDA/BAM Chapter 5 Salmonella reference method (3) 23 
for shrimp, spinach, dry dog food, and stainless steel and to the USDA/FSIS MLG 4.05 Isolation and 24 
Identification of Salmonella from Meat, Poultry, Pasteurized Egg and Catfish Products reference 25 
method (4) for raw ground chicken, raw ground beef, raw ground pork, pasteurized liquid whole eggs, 26 
and cooked chicken nuggets.  27 
 28 
Sample Preparation 29 
The Salmonella cultures were prepared to deliver a target level of 0.2 - 2 CFU / test portion.  Each 30 
matrix was inoculated with a different strain of Salmonella species.  A diluted 24 hour broth culture 31 
inoculum was added to a bulk sample of each food matrix and mixed thoroughly.  The cooked chicken 32 
nuggets and pasteurized liquid whole eggs were inoculated with an organism that had been heat 33 
stressed for 10 minutes at 50oC in a water bath. The degree of injury of the culture was estimated by 34 
plating an aliquot of diluted culture onto Xylose Lysine Desoxycholate (XLD) and Tryptic Soy agar (TSA).  35 
The agars were incubated at 37° ± 1°C for 24 ± 2 hours and the colonies were counted.  The degree of 36 

injury was estimated as
100)1( x

n
n

nonselect

select−
, where nselect = number of colonies on selective agar and 37 

nnonselect = number of colonies on nonselective agar.  The matrix was well mixed and stored at 4°C for 38 
48-72 hr to allow the inoculum to equilibrate with the food environment and to cold stress the cells. 39 
The inoculated bulk samples were then used to generate all inoculated test portions. Ground beef test 40 
samples of 325g and 375g were made with 25g of inoculated bulk and 300 grams or 350 grams, 41 
respectively, of uninoculated bulk (3M and MLG samples).   Inoculated and uninoculated portions were 42 
well mixed to ensure homogeneity. At the time of enrichment, the inoculated products were randomly 43 
split into test groups.  44 
 45 

http://www.fsis.usda.gov/PDF/MLG_4_05.pdf
http://www.fsis.usda.gov/PDF/MLG_4_05.pdf
http://www.fsis.usda.gov/PDF/MLG_4_05.pdf
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For the analysis of the dry dog food test portions, a bulk lot of test product was inoculated with a 1 
lyophilized culture and held at 25° ± 2oC for two weeks to allow time for the organism to equilibrate.  2 
Test portions analyzed by the 3M Petrifilm SALX System were prepared by mixing 25 g of inoculated 3 
test product with 350g of un-inoculated test product.  Twenty-five grams of inoculated test product 4 
were analyzed by the FDA/BAM method.  For the analysis of the cooked chicken nuggets, 25 g of 5 
inoculated test product was mixed with 300 g of un-inoculated test product and analyzed by both the 6 
3M Petrifilm SALX System and USDA reference method.  7 
 8 
Environmental surfaces were inoculated at a level expected to yield fractional recovery. Replicate 4"x 4" 9 
stainless steel surfaces areas were inoculated with 0.10 mL of diluted culture and dried for 16-24 hours at 10 
room temperature (24° ± 2oC).  The inoculation level for the stainless steel test portions was determined by 11 
plating the inoculum onto Tryptic Soy agar (TSA) in triplicate.   Sampling sponges, pre-moistened with Dey-12 
Engley neutralizing broth, were used to sample each test area using horizontal and vertical motions. The 13 
sponges were held at room temperature for at least 2 hours prior to analysis.  14 
 15 
A background screen of each food matrix was conducted prior to inoculation and no natural contamination 16 
of the target organisms was detected in the test matrices.    17 
  18 
Most Probable Number (MPN) Determination - The level of Salmonella was determined by Most Probable 19 
Number (MPN) on the day of analysis by analyzing 3 x 100 g, 20 x 25 g (reference method test portions) and 20 
3 x 5.0 g inoculated test samples for the raw ground chicken, raw ground beef, raw ground pork, frozen 21 
uncooked shrimp and fresh spinach.  For the cooked chicken nuggets and dry dog food, 5 x 75 g, 5 x 25 g 22 
(from the bulk lot of inoculated test product) and 5 x 10.0 g test portions were analyzed.  For the 23 
pasteurized liquid whole eggs, 5 x 200 g, the 20 reference method test portions and 5 x 25 g test portions 24 
were analyzed.  Each test portion was enriched with the appropriate reference method enrichment broth 25 
at a 1:10 dilution and analyzed by the reference method procedure.  The number of positives from the 3 26 
test levels was used to calculate the MPN using the AOAC MPN calculator. 27 
(http://www.lcfltd.com/customer/LCFMPNCalculator.exe)  28 

 29 
 30 

 31 
 32 
 33 
 34 
 35 
Anaytical Protocols 36 
USDA/FSIS-MLG 4.05 Isolation and Identification of Salmonella from Meat, Poultry, Pasteurized Egg and 37 
Catfish. 38 
For the USDA/FSIS method, all test portions for each food product, raw ground chicken, pasteurized liquid 39 
whole eggs, raw ground beef, raw ground pork and cooked chicken nuggets were prepared as outlined in 40 
the study protocol. Following equilibration of the microorganism in the matrix, 25 test portions consisting 41 
of 25 g for raw ground chicken, raw ground beef and raw ground pork were enriched with 225 mL of 42 
Buffered Peptone Water (BPW) and homogenized for 2 minutes.  For cooked chicken nuggets, 25 test 43 
portions consisting of 325 g were enriched with 1500 mL of BPW and homogenized for  44 
2 minutes.  After mixing, an additional 1425 mL of BPW was added to the sample.  For pasteurized liquid 45 
whole eggs, 25 test portions of 100 g were enriched with 900 mL of BPW and homogenized for  46 
2 minutes. All test portions were incubated at 35° ± 2°C for 20-24 hours. 47 

http://www.lcfltd.com/customer/LCFMPNCalculator.exe
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  1 
After incubation, 0.1 ml of primary enrichment for each sample was transferred to 10 ml of modified 2 
Rappaport-Vassiliadis broth (mRV) and 0.5 ml to 10 ml of Tetrathionate Hanja (TTH) broth.  The mRV and 3 
TTH tubes were incubated at 42° ± 0.5°C for 22-24 hours.  Following incubation, a loopful of each secondary 4 
enrichment was streaked to Brilliant Green Sulfa (BGS) agar and Xylose Lysine Tergitol (XLT4) agar and 5 
incubated at 35° ± 2°C for 18-24 hours.  If no visible colonies were present, both the BGS and XLT4 plates 6 
were re-incubated for an additional 18-24 hours at 35° ± 2°C.   Up to 3 suspect colonies from each selective 7 
agar were transferred to Triple Sugar Iron agar (TSI) and Lysine Iron agar (LIA) and incubated at 35° ± 2°C for 8 
22-26 hours.  Growth from samples producing typical biochemical reactions in TSI and LIA, were streaked to 9 
TSA slants and incubated for 18-24 hours at 35° ± 2°C.  Growth from the TSA slant was used to conduct the 10 
flagellar H serological test and polyvalent somatic O serological test and for biochemical confirmation.  11 
Growth from the TSA slants was used for final confirmation of Salmonella by VITEK® 2 GN following AOAC 12 
Official Method 2011.17. 13 
 14 
FDA-BAM Chapter 5 Salmonella 15 
For the FDA/BAM method, all test portions for each food product, frozen uncooked shrimp, fresh spinach, 16 
dry dog food and stainless steel environmental surfaces were prepared as outlined in the study protocol. 17 
Following equilibration of the microorganism in the matrix, 25 test portions consisting of 25 g for each food 18 
matrix were enriched with 225 mL of Lactose broth and homogenized for 2 minutes.  For sponges used to 19 
analyze the stainless steel environmental surfaces, each sponge was enriched with 225 mL of Lactose broth 20 
and mixed by hand massaging.  All test portions were allowed to stand for 60 minutes to adjust pH to 6.8 ± 21 
0.2 if necessary.  Test portions for each matrix were incubated for 22-26 hours at 35° ± 2°C.   22 
 After incubation of the samples, 0.1 ml aliquot of primary enrichment for each sample was transferred to 23 
10 mL of Rappaport-Vassiliadis medium (RV) and 1.0 ml to 10 mL of Tetrathionate (TT) broth.  RV tubes 24 
were incubated for 22-26 hours at 42° ± 2°C.  For high microbial load foods (fresh spinach and frozen 25 
uncooked shrimp), TT tubes were incubated for 22-26 hours at 43° ± 0.2°C in a circulating water bath.  For 26 
low microbial load foods (dry dog food and stainless steel environmental surfaces), TT tubes were 27 
incubated 22-26 hours at 35° ± 2°C.  Following incubation, a loopful of each secondary enrichment was 28 
streaked to Bismuth Sulfite (BS) agar, Hektoen Enteric (HE) agar, and XLD agar and incubated at 35° ± 2°C 29 
for 22-26 hours.  If no visible colonies were present after 24 hours of incubation, BS plates were re-30 
incubated for an additional 22-26 hours at 35° ± 2°C.   Up to 2 or more suspect colonies from each selective 31 
agar were transferred to TSI and LIA and incubated at 35° ± 2°C for 22-26 hours.  Growth from samples 32 
producing typical biochemical reactions in TSI and LIA, were streaked to TSA slants and incubated for 18-24 33 
hours at 35° ± 2°C.  Growth from the TSA slant was used to conduct the flagellar H serological test and 34 
polyvalent and individual somatic O serological test and for biochemical confirmation.  Growth from the 35 
TSA slants was used for final confirmation of Salmonella by VITEK® 2 GN following AOAC Official Method 36 
2011.17. 37 

 38 
3M Petrifilm Salmonella Express System  39 
After equilibration of the inoculum, 25 test portions for each matrix were enriched using pre-warmed 40 
(41.5° ± 1oC) 3M Salmonella Enrichment Base containing 3M Salmonella Enrichment Supplement. For the 41 
analysis of raw ground beef, raw ground pork, frozen uncooked shrimp, and fresh spinach, 25 g test 42 
portions were enriched in 225 mL of 3M Salmonella Enrichment Base.  For the analysis of cooked chicken 43 
nuggets, 325 g test portions were enriched with 2925 mL of 3M Salmonella Enrichment Base.  For the 44 
analysis of pasteurized liquid whole eggs, 100 g test portions were enriched with 900 mL of 3M Salmonella 45 
Enrichment Base.  For the analysis of dry dog food, 375 g samples were enriched with 3375 mL of 3M 46 
Salmonella Enrichment Base.  Sponges used to sample stainless steel environmental surfaces were 47 
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enriched with 225 mL of 3M Salmonella Enrichment Base.  All matrices were homogenized for 2 minutes 1 
and incubated at 41.5° ± 1°C for 18-24 hours. 2 
   3 
 Prior to analysis, the 3M Petrifilm SALX Plates were hydrated using 2.0 mL of sterile distilled water.  After 4 
hydration, the liquid was spread across of the surface of the plate using a plastic spreader to evenly 5 
distribute the diluent.  The plates were left undisturbed and protected from light for a minimum of 1 hour 6 
prior to use.  For foods with low microbial loads (pasteurized liquid whole egg, dry dog food, cooked 7 
chicken nuggets and stainless steel environmental surfaces), test portions were streaked in duplicate after 8 
18 and 24 hours of primary enrichment.  For foods that contained a high microbial load (raw ground 9 
chicken, frozen uncooked shrimp, fresh spinach, raw ground beef and raw ground pork), a 0.1 mL aliquot of 10 
the primary enrichment was transferred into 9.9 mL of Rappaport-Vassiliadis R10 (RV [R10]) broth at both 11 
18 and 24 hours of primary enrichment and incubated at 41.5° ± 1°C for 8 and 24 hours.  At 8 and 24 hours, 12 
a loopful of each test portion was streaked in duplicate to 3M Petrifilm SALX Plates and the plates were 13 
incubated at 41.5° ± 1°C for 24 ± 2 hours.  Test portions from both low and high microbial foods were 14 
confirmed following two procedures, traditional confirmation using secondary selective enrichments and 15 
an alternative confirmation directly from the 3M Petrifilm SALX Plates. 16 
  17 
Confirmation 18 
Reference Methods 19 
Aliquots from the primary enrichment of each test portion were also transferred to the secondary 20 
selective enrichments specified by each reference method, TT and RV for samples confirmed following 21 
the FDA/BAM method and TTH and RVS for samples confirmed following the USDA/FSIS-MLG method.  22 
After incubation, test portions from the secondary selective enrichments were streaked to selective 23 
agars specified by each reference method and positive samples were confirmed following traditional 24 
biochemical tests for Salmonella species by each reference method including somatic O and flagellar H 25 
tests.  Final confirmation at each time point was achieved by VITEK 2 GN conducted per AOAC Official 26 
Method 2011.17. 27 
 28 
3M Petrifilm Salmonella Express System  29 
 30 
After incubation of the 3M Petrifilm SALX Plates, the plates were observed for growth of presumptive 31 
Salmonella colonies, red to brown colonies with discrete yellow zones and/or gas bubbles.  Using a fine 32 
tip marker, presumptive positive colonies were circled on the plate top film.  The film was lifted and a 33 
3M Petrifilm Salmonella Express Confirmation Disk was placed onto the gel.  The film was closed and 34 
using a gloved hand (while practicing good laboratory technique) air bubbles were removed by gently 35 
applying a sweeping motion with even pressure onto the top of the film with the analyst’s fingers.  The 36 
plates with confirmation disks were incubated at 41.5° ± 1°C for 4 to 5 hours.  After incubation, the 37 
circled presumptive colonies were observed.  A color change from red/brown to green blue, blue, dark 38 
blue or black confirmed the colony as Salmonella species.  If the circled colony remained red or brown 39 
it was marked as negative.  Typical colonies were picked to TSI and LIA and samples were confirmed 40 
following traditional biochemical tests for Salmonella species by each reference method including 41 
somatic O and flagellar H tests.  Final confirmation was achieved by VITEK 2 GN conducted per AOAC 42 
Official Method 2011.17. 43 
 44 
 45 
 46 

 47 
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Statistical Analysis 1 
For the method comparison, results obtained from samples analyzed by the 3M Petrifilm SALX System 2 
were comparable to those analyzed by the FDA/BAM Chapter 5, USDA/FSIS-MLG 4.05 and ISO 6579 3 
reference methods.  A Mantel-Haenszel chi-square analysis (for unmatched test portions) was used to 4 
compare the 3MPetrifilm SALX System samples and the reference method samples.  5 
 6 
For the low inoculum level and the un-inoculated control level, the probability of detection (POD) was 7 
calculated as the number of positive outcomes divided by the total number of trials. The POD was 8 
calculated for the candidate presumptive results, PODCP, the candidate confirmatory results, PODCC, the 9 
difference in the candidate presumptive and confirmatory results, dPODCP, the reference method, 10 
PODR, and the difference in the confirmed candidate and reference methods, dPODC. POD analyses 11 
were conducted for each time point and of the 3M Petrifilm SALX System and the reference methods.   12 
 13 
Based on the results obtained from the MPN analyses, the target levels of 0.2-2 CFU/ test portion for 14 
the low inoculum level were achieved for each matrix tested.  In addition, the requirement of 15 
obtaining fractionally positive results (5-15 positives out of 20 replicates) was achieved by either the 16 
candidate or reference methods or both for each of the matrices analyzed in this study. 17 
 18 
 19 
RESULTS AND DISCUSSION 20 
High Microbial Foods 21 
Raw Ground Chicken 22 
 For raw ground chicken test portions, there were 15 confirmed positives by the 3M Petrifilm SALX System 23 
at all four time points (18 hours and 24 hours of primary enrichment transferred into RV[R10] secondary 24 
enrichment and streaked at 8 and 24 hours) and 14 confirmed positives by the USDA/FSIS-MLG method.  25 
All un-inoculated control samples were negative by both methods.  A χ2 value of 0.12 was obtained 26 
between the reference methods and the candidate method when using the alternative confirmation 27 
indicating no significant difference between the candidate and reference method at all four time points.   A 28 
χ2 value of 0.0 was obtained between the reference method and the candidate method when using the 29 
traditional confirmation, indicating no significant difference between the candidate and reference method 30 
at any of the time points.   31 
 32 
For the low level inoculum, a dPODC value of 0.05 with 95% confidence intervals of (-0.22, 0.31) was 33 
obtained between  the USDA/FSIS-MLG reference method and the candidate method samples confirmed 34 
using alternative confirmation at all four time points. A dPODC value of 0.00 with 95% confidence intervals 35 
of (-0.26, 0.26) was obtained between the USDA/FSIS-MLG reference method and the candidate method 36 
samples confirmed using traditional confirmation at all four time points. The confidence intervals obtained 37 
for the dPODC values indicated no significant difference between the two methods using either the 38 
traditional or alternative confirmatory procedure.  A dPODCP value of 0.00 with 95% confidence intervals of 39 
(-0.26, 0.26) were obtained between presumptive and confirmed results using either the traditional or 40 
alternative confirmatory procedure at all four time points. The confidence intervals obtained for dPODCP 41 
indicated no significant difference between the presumptive and confirmed results.  42 
 43 
Frozen Uncooked Shrimp 44 
For frozen uncooked shrimp test portions, there were 12 confirmed positives by the 3M Petrifilm SALX 45 
System at all four time points and 10 confirmed positives by the FDA/BAM method.  All un-inoculated 46 
control samples were negative for both methods.  A χ2 value of 0.39 was obtained between the reference 47 
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and candidate method using both the traditional and alternative confirmation procedures, indicating no 1 
significant difference between the candidate and reference methods at any of the time points.  2 
  3 
For the low level inoculum, a dPODC value of 0.10 with 95% confidence intervals of (-0.19, 0.37) was 4 
obtained between the reference and candidate method samples confirmed using either the traditional or 5 
alternative confirmation procedure at all four time points. The confidence intervals obtained for dPODC 6 
indicated no significant difference between the two methods.  A dPODCP value of 0.00 with 95% confidence 7 
intervals of (-0.28, 0.28) was obtained between presumptive and confirmed results using either the 8 
traditional or alternative confirmation procedure for all four time points. The confidence intervals obtained 9 
for dPODCP indicated no significant difference between the presumptive and confirmed results at all four 10 
time points.   11 
 12 
Fresh Spinach 13 
For fresh spinach test portions, there were 11 confirmed positives  the 3M Petrifilm SALX System for both 14 
18 and 24 hour primary enrichment samples transferred to RV-R10 and incubated for 24 hours and 15 
confirmed following both the traditional and alternative confirmation procedures.  For test portions 16 
enriched for 18 and 24 hours and transferred to RV-R10 and incubated for 8 hours there were 7 confirmed 17 
positives by the alternative confirmation and 11 confirmed positives by the traditional confirmation 18 
indicating the presence of 4 false negative results.  There were 10 confirmed positives for samples analyzed 19 
by the FDA/BAM method.  All un-inoculated control samples were negative by both methods.  A χ2 value of 20 
0.10 was obtained between the reference method and the candidate method using the traditional 21 
confirmation for all four time points.  For candidate samples confirmed following the alternative 22 
confirmation procedure, a χ2 value of 0.10 was obtained for samples enriched for either 18 hours or 24 23 
hours in the primary enrichment, transferred to RV-R10 and incubated for 24 hours.  For candidate samples 24 
confirmed following the alternative confirmation procedure, a χ2 value of 0.90 was obtained for samples 25 
enriched for either 18 hours or 24 hours in the primary enrichment, transferred to RV-R10 and incubated 26 
for 8 hours.  The chi-square values indicate no significant difference between the candidate and reference 27 
method at any of the time points.   Although there was no statistical significant difference between the 28 
number of positive test portions at 8 or 24 hours in RV-R10 (7 positive at 8 hours and 11 positive at 24 29 
hours), it is recommended that only 24 hours of secondary enrichment in RV-R10 be used for fresh spinach.  30 
Secondary enrichment for 24 hours in RV-R10 significantly reduced the normal background microbial load, 31 
allowing the target organism to reach a higher titer and thus making it easier to identify presumptive 32 
positive colonies on the 3M Petrifilm SALX Plate.    33 
 34 
For the low level inoculum, a dPODC value of 0. 05 with 95% confidence intervals of (-0.24, 0.33) was 35 
obtained between the reference and candidate method samples confirmed using either the traditional or 36 
alternative confirmation procedures at all four time points.   The confidence intervals obtained for dPODc 37 
indicate no significant difference between the two methods.  A dPODCP values of 0.00 with 95% confidence 38 
intervals of (-0.28, 0.28) was obtained between the presumptive and confirmed results using the 39 
alternative confirmation  for all four time points and for test portions incubated  in the primary enrichment 40 
for either 18 or 24 hours and then incubated for a full 24 hours in RV-R10 and confirmed using the 41 
traditional method.  A dPODCP value of -0.20 with 95% confidence intervals of (-0.28, 0.28) were obtained 42 
between the presumptive and confirmed results for test portions incubated in the primary enrichment for 43 
either 18 or 24 hours and then incubated for 8 hours in RV-R10.  The confidence intervals obtained for all 44 
dPODCP values indicated no significant difference between the presumptive and confirmed results at all 45 
four time points.   46 
 47 



February 20, 2013 

21 

 

Raw Ground Beef 1 
For raw ground beef test portions, there were 13 confirmed positives  the 3M Petrifilm SALX method at all 2 
four time points and 13 confirmed positives for the USDA/FSIS-MLG method.  All un-inoculated control 3 
samples were negative by both methods.  A χ2 value of 0.0 was obtained between the reference and 4 
candidate method using both the traditional and alternative confirmation procedures, indicating no 5 
significant difference between the candidate and reference methods at any of the four time points.   6 
 7 
For the low level inoculum, a dPODC value of 0.00 with 95% confidence intervals of (-0.28, 0.28) was 8 
obtained between the reference and candidate method samples confirmed using either the traditional or 9 
alternative confirmation procedures at all four time points. The confidence intervals obtained for dPODC 10 
indicated no significant difference between the two methods. A dPODCP value of 0.00 with 95% confidence 11 
intervals of (-0.28, 0.28) was obtained between presumptive and confirmed results using either 12 
confirmation procedure for all four time points. The confidence intervals obtained for dPODCP indicated no 13 
significant difference between the presumptive and confirmed results at all four time points.  14 
 15 
  16 
 17 
Raw Ground Pork 18 
For raw ground pork test portions, there were 9 confirmed positives by the 3M Petrifilm SALX System at all 19 
four time points and 9 confirmed positives by the USDA/FSIS-MLG method.  All un-inoculated control 20 
samples were negative by both methods.  A χ2 value of 0.0 was obtained between the reference and 21 
candidate method samples using both the traditional and alternative confirmation procedures, indicating 22 
no significant difference between the candidate and reference methods at any of the four time points.   23 
 24 
For the low level inoculum, a dPODC value of 0.00 with 95% confidence intervals of (-0.28, 0.28) was 25 
obtained between the reference method and candidate method samples confirmed using either the 26 
traditional or alternative confirmation procedure at all four time points. The confidence intervals obtained 27 
for dPODC indicated no significant difference between the two methods.  A dPODCP value of 0.00 with 95% 28 
confidence intervals of (-0.28, 0.28) was obtained between presumptive and confirmed results using either 29 
the traditional or alternative confirmation procedure for all four time points. The confidence intervals 30 
obtained for dPODCP indicated no significant difference between the presumptive and confirmed results at 31 
all four time points.   32 
 33 
Low Microbial Foods 34 
Pasteurized Liquid Whole Eggs 35 
For pasteurized liquid whole egg test portions, there were 6 confirmed positives by the 3M Petrifilm SALX 36 
method at both time points and 4 confirmed positives by the USDA/FSIS-MLG method.  All un-inoculated 37 
control samples were negative for both methods.  A χ2 value of 0.98 was obtained between the USDA/FSIS-38 
MLG and candidate method using both traditional and alternative confirmation procedures, indicating no 39 
significant difference between the candidate and reference method at any of the time points.   40 
 41 
For the low level inoculum, a dPODC value of 0.10 with 95% confidence intervals of (-0.17, 0.35) was 42 
obtained between the USDA/FSIS-MLG method and the candidate method samples confirmed using either 43 
the traditional or alternative confirmation procedure at both the 18 hour and 24 hour primary enrichment 44 
time points. A dPODC value of 0.05 with 95% confidence intervals of (-0.22, 0.31) was obtained between the 45 
ISO 6579 method and the candidate method samples confirmed using either the traditional or alternative 46 
confirmation procedure at both the 18 hour and 24 hour primary enrichment time points. The confidence 47 
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intervals obtained for the dPODC values indicated no significant difference between the candidate and 1 
reference method.  A dPODCP value of 0.00 with 95% confidence intervals of (-0.27, 0.27) were obtained 2 
between presumptive and confirmed results using either the traditional or alternative confirmatory 3 
procedure at both the 18 hour and 24 hour primary enrichment time points. The confidence intervals 4 
obtained for dPODCP indicated no significant difference between the presumptive and confirmed results.  5 
 6 
Dry Dog Food 7 
For dry dog food test portions, there were 16 confirmed positives by the 3M Petrifilm SALX System at both 8 
the 18 hour and 24 hour primary enrichment time points and 14 confirmed positives  the FDA/BAM 9 
method.  All un-inoculated control samples were negative for both methods.  A χ2 value of 0.52 was 10 
obtained between the reference and candidate method using both the alternative and traditional 11 
confirmation procedures, indicating no significant difference between the candidate and reference 12 
methods at either of the time points.   13 
 14 
For the low level inoculum, a dPODC value of 0.10 with 95% confidence intervals of (-0.17, 0.35) was 15 
obtained between the reference method and candidate method samples confirmed following either the 16 
traditional or alternative confirmation procedure at both the 18 hour and 24 hour primary enrichment time 17 
points. The confidence intervals obtained for dPODC indicated no significant difference between the two 18 
methods.  A dPODCP value of 0.00 with 95% confidence intervals of (-0.25, 0.25) was obtained between 19 
presumptive and confirmed results using either the traditional or alternative confirmation procedure for 20 
both the 18 hour and 24 hour primary enrichment time points. The confidence intervals obtained for 21 
dPODCP indicated no significant difference between the presumptive and confirmed results.  22 
 23 
Stainless Steel Environmental Surface 24 
For stainless steel environmental surfaces, there were 6 confirmed positives for the 3M Petrifilm SALX 25 
System at both the 18 hour and 24 hour primary enrichment time points and 7 confirmed positives for the 26 
FDA/BAM method.  All un-inoculated control samples were negative for both methods.  A χ2 value of 0.11 27 
was obtained between the reference and candidate method using both the traditional and alternative 28 
confirmation procedures, indicating no significant difference between the candidate and reference 29 
methods at any of the time points. 30 
 31 
For the low level inoculum, a dPODC value of -0.05 with 95% confidence intervals of (-0.32, 0.23) was 32 
obtained between the reference method and candidate method samples confirmed using either the 33 
traditional or alternative confirmation at both 18 hour and 24 hour primary enrichment time points. The 34 
confidence intervals obtained for dPODC indicated no significant difference between the two methods. A 35 
dPODCP value of 0.00 with 95% confidence intervals of (-0.27, 0.27) was obtained between presumptive and 36 
confirmed results using either the traditional or alternative confirmation procedure for both the 18 hour 37 
and 24 hour primary enrichment time points. The confidence intervals obtained for dPODCP indicated no 38 
significant difference between the presumptive and confirmed results.  39 
 40 
Cooked Chicken Nuggets 41 
For cooked chicken nugget test portions, there were 6 confirmed positives by the 3M Petrifilm SALX 42 
method at both the 18 hour and 24 hour primary enrichment time points and 6 confirmed positives  the 43 
USDA/FSIS-MLG method.  All un-inoculated control samples were negative for both methods.  A χ2 value of 44 
0.0 was obtained between the reference and candidate method using both the traditional and alternative 45 
confirmation procedures, indicating no significant difference between the candidate and reference 46 
methods at any of the time points.   47 
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 1 
For the low level inoculum, a dPODC value of 0.00 with 95% confidence intervals of (-0.27, 0.27) was 2 
obtained between the reference and candidate method samples confirmed following both the 3 
traditional and alternative confirmation procedures at both the 18 hour and 24 hour primary 4 
enrichment time points. The confidence intervals obtained for dPODC indicated no significant 5 
difference between the two methods. A dPODCP value of 0.00 with 95% confidence intervals of (-0.27, 6 
0.27) was obtained between presumptive and confirmed results using either the traditional and 7 
alternative confirmation procedures for both the 18 and 24 hour primary enrichment time points. The 8 
confidence intervals obtained for dPODCP indicated no significant difference between the presumptive 9 
and confirmed results.  10 
   11 
INDEPENDENT LABORATORY STUDY 12 
The independent laboratory study was conducted at Aegis Food Testing Laboratories in North Sioux 13 
City, SD.  The study was conducted according to the methods described above for raw ground chicken 14 
and pasteurized liquid whole eggs.    15 
 16 
Raw Ground Chicken  17 
All uninoculated control samples of ground chicken were confirmed negative for Salmonella. The samples 18 
were inoculated S. enterica subsp. Enteritidis (NCTC 5717), with an estimated 0.031 cells/g as determined 19 
by MPN. The 3M Petrifilm SALXSystem detected 13 suspect colonies of which12 samples were presumptive 20 
when the confirmation disk was added. All 12 of the presumptive samples confirmed as positive by the 21 
USDA/FSIS MLG 4.05 reference method. There were 11 ground chicken samples that were determined to 22 
be positive by the reference method. When comparing the number of samples determined to be positive 23 
by the 3M Petrifilm SALX System to that of the reference method, there was no statistical difference in the 24 
results obtained (χ2<3.8, p<0.05). The number of samples that were presumptive positive from the 3M 25 
Petrifilm SALX System was compared to the number confirmed as positive using probability of detection 26 
(POD) and difference in probability (dPODcp). The 95% confidence interval for the dPOD for the 3M 27 
Petrifilm SALX System presumptive positives compared to the confirmed positive contains zero. Therefore, 28 
there was no significant difference in the results at the 5% level. The number of samples that were 29 
confirmed positive from the 3M Petrifilm SALX System was compared to the number confirmed as positive 30 
by the reference method using probability of detection (POD) and difference in probability (dPODc). The 31 
95% confidence interval for the dPOD for the 3M Petrifilm SALX System confirmed positives compared to 32 
the reference method confirmed positive contains zero. Therefore, there was no significant difference in 33 
the results at the 5% level.  34 
      35 
Pasteurized Liquid Whole Eggs 36 
All uninoculated control samples of pasteurized liquid eggs were confirmed negative for Salmonella. 37 
The samples were inoculated with an estimated 0.008 cells/g of S. enterica subsp. Enteritidis (ATCC 38 
13076, heat stressed) as determined by MPN. The 3M Salmonella Petrifilm System detected 7 suspect 39 
colonies of which 7 samples were presumptive when the confirmation disk was added. All 7 of the 40 
presumptive samples confirmed as positive by the USDA/FSIS MLG 4.05 reference method. There were 41 
8 pasteurized liquid eggs samples that were determined to be positive by the reference method. When 42 
comparing the number of samples determined to be positive by the 3M Petrifilm SALX System to that 43 
of the reference method, there was no statistical difference in the results obtained (χ2<3.8, p<0.05). 44 
The number of samples that were presumptive positive from the 3M Petrifilm SALX System was 45 
compared to the number confirmed as positive using probability of detection (POD) and difference in 46 
probability (dPODcp). The 95% confidence interval for the dPOD for the 3M Petrifilm SALX System 47 
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presumptive positives compared to the confirmed positive contains zero. Therefore, there was no 1 
significant difference in the results at the 5% level. The number of samples that were confirmed 2 
positive from the 3M Petrifilm SALX System was compared to the number confirmed as positive by the 3 
reference method using probability of detection (POD) and difference in probability (dPODc). The 95% 4 
confidence interval for the dPOD for the 3M Petriflm SALX System confirmed positives compared to 5 
the reference method confirmed positive contains zero. Therefore, there was no significant difference 6 
in the results at the 5% level. 7 
 8 
Stainless Steel 9 
All uninoculated control samples of swabs of stainless steel were confirmed negative for Salmonella.  10 
The samples were inoculated with an estimated 841 cells/coupon of Salmonella enterica spp. Kahla 11 
(ATCC 17980)based on the plating of the inoculum. The 3M Petrifilm SALX System detected 6 12 
presumptive colonies, all of which confirmed positive after incubation with the 3M Petrifilm SALX 13 
Confirmation Disk. All 6 of the 3M Petrifilm SALX System confirmed samples confirmed positive with 14 
the MLG 4.05 method. There were 7 sponge samples from stainless steel that were determined to be 15 
positive by the FDA BAM Chapter 10 method. When comparing the number of samples determined to 16 
be positive by the 3M method to that of the reference method, there was no statistical difference in 17 
the results obtained (χ2<3.8, p<0.05). The number of samples that were presumptive positive from the 18 
3M Petrifilm SALX System was compared to the number confirmed as positive using probability of 19 
detection (POD) and difference in probability (dPODcp). The 95% confidence interval for the dPOD for 20 
the 3M Petrifilm SALX System presumptive positives compared to the confirmed positive contains 21 
zero. Therefore, there was no significant difference in the results at the 5% level. The number of 22 
samples that were confirmed positive from the 3M Petrifilm SALX System was compared to the 23 
number confirmed as positive by the reference method using probability of detection (POD) and 24 
difference in probability (dPODc). The 95% confidence interval for the dPOD for the candidate method 25 
confirmed positives compared to the reference method confirmed positive contains zero. Therefore, 26 
there was no significant difference in the results at the 5% level. 27 
 28 
Conclusions  29 
The 3M Petrifilm Salmonella Express System was evaluated following the AOAC Performance Tested 30 
Methods requirements: inclusivity/exclusivity, ruggedness, stability/lot to lot consistency and method 31 
comparison.  Nine matrices were tested by both the 3M Petrifilm SALX System and either the 32 
USDA/FSIS-MLG or the FDA-BAM for the detection of Salmonella species in food.  Overall the assay 33 
was equivalent to the reference methods based on the Chi square test for significant difference and 34 
the Probability of Detection (POD).  There were no unexpected results in all of the other PTM 35 
requirements. 36 
The 3M Petrifilm Salmonella Express System is sufficiently rugged to withstand small variations in the 37 
experimental parameters of enrichment incubation time and temperature, plate incubation time and 38 
temperature, disk incubation time and temperature and various plate hydration options.  Each 39 
parameter was testing using both the high and low microbial load methods as described in the 40 
Instructions for Use. 41 
The method was considered easy to perform and the package insert was found to be straight forward 42 
and easy to follow.  The 3M Petrifilm SALX System offers a significant savings in time when compared 43 
to the traditional reference methods as confirmed positive results can be obtained in as little as 44 44 
hours for low microbial load matrices and 52 hours for high microbial load matrices. For foods with low 45 
microbial load, the 3M Petrifilm SALX method eliminated the need for transfer of enriched test 46 
portions to secondary enrichments.  Overall, the 3MPetriflm Salmonella Express System was found to 47 
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be comparable to the reference methods and was found have the benefits of rapid results, high 1 
sensitivity and high specificity for the detection of Salmonella in a broad range of foods.   2 
 3 

 4 
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 1 
 2 
 3 

Table 2.  Inclusivity organisms and test results. 4 

Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Abaetetuba I O:11 (F) 1 1 k 1,5 IMVS TICC 2736 + +

Salmonella 
enterica 
enterica

Aberdeen I O:11 (F) 1 1 i 1,2 unknown TICC 2500 + +

Salmonella 
enterica 
enterica

Abony I O:4 (B)
1, 4, 5, 

12:b:e, n, 
x

unknown NCTC 6017 + +

Salmonella 
enterica 
enterica

Abortusequi I
4,12L-
:e,n,x

unkown ATCC 9842 + +

Salmonella 
enterica 
enterica

Adelaide I O:35 (O)
35 f,g – 

[z27]
unknown TICC 2501 + +

Salmonella 
enterica 
enterica

Agona I O:4 (B)
1,4,12:f,g,

s:- - 
unknown

SGSC 2458, 
electrophoretic 

type Ag1; SARB1
+ +

Salmonella 
enterica 
enterica

Amsterdam I
O:3,10 

(E1)

3 , { 
10}{15}{15
,34} g , m , 

s –

TICC 2660 + +

Salmonella 
enterica 
enterica

Anatum I
O:3,10 

(E1)

3, {10} 
{15} 

{15,34}
unknown TICC 2668 + +

Salmonella 
enterica 
enterica

Augustenborg I O:7 (C1)
6 , 7 ,14 i 

1,2
TICC 2670 + +

Salmonella 
enterica 
enterica

Bareilly I 6,7:y:1,5 unkown  ATCC 9115 + +

Salmonella 
enterica 
enterica

Berta I 9,12:f,g,t:- unkown  ATCC 8392 + +

Salmonella 
enterica 
enterica

Birkenhead I O:7 (C1) 6 ,7 c 1,6 unknown TICC 1273 + +

 5 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Blockley I
O:8 (C2-

C3)
6,8:k:1,5 
6,8:k:1,5 

Beth Israel 
Hosp., New 

York
ATCC  51961 + +

Salmonella 
enterica 
enterica

Bovis-
morbificans

I
O:8 (C2-

C3)
6, 8, 20 unknown TICC 1293 + +

Salmonella 
enterica 
enterica

Braenderup I O:7 (C1)
6 , 7,14 

e,h 
e,n,z15

TICC 2508 + +

Salmonella 
enterica 
enterica

Brandenburg I O:4 (B)
4 ,[5],12 

l,v e,n,z15
TICC 2674 + +

Salmonella 
enterica 
enterica

Brazil I O:16 (I) 16:a:1, 5 unknown NCTC 8446 + +

Salmonella 
enterica 
enterica

Bredeney I O:4 (B) 1,4,12,27 unknown TICC 2510 + +

Salmonella 
enterica 
enterica

Cerro I O:18 (K)
6,14,18 z 

4,z23 [1,5] 
[z45],[z82]

TICC 2176 + +

Salmonella 
enterica 
enterica

Cholerasuis I O:7 (C1) 6,7:c:1,5
swine, 

California
ATCC 10708 + +

Salmonella 
enterica 
enterica

Derby I O:4 (B) 1,4,[5],12 unknown TICC 2519 + +

Salmonella 
enterica 
enterica

Dublin I O:9 (D1) 1,9,12[Vi] unknown TICC 2757 + +

Salmonella 
enterica 
enterica

Emek I
O:8 (C2-

C3)
8,20 g,m,s 

–
unknown TICC 1447 + +

Salmonella 
enterica 
enterica

Enteritidis I O:9 (D1)
1,9,12 g,m 

–
unknown ATCC 13076 + +

1 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Gallinarum I O:9 (D1) 1 ,9,12 – – TICC 1320 + +

Salmonella 
enterica 
enterica

Gaminara I 16:d:1,7 unkown ATCC 8324 + +

Salmonella 
enterica 
enterica

Give I
O:3,10 

(E1)

3 
,{10}{15}{
15,34} l,v 

1,7 
[d],[z77]

TICC 1282 + +

Salmonella 
enterica 
enterica

Hadar I
O:8 (C2-

C3)
6,8 z10 

e,n,x
TICC 2528 + +

Salmonella 
enterica 
enterica

Havana I O:13 (G)
1,13,23 f , 

g,[s] – 
[z79]

TICC 443 + +

Salmonella 
enterica 
enterica

Heidelberg I O:4 (B)
1 ,4,[5],12 

r 1,2
TICC 561  + +

Salmonella 
enterica 
enterica

Hessarek I O:4 (B)
4,12,[27] 

a 1,5
TICC 2655 + +

Salmonella 
enterica 
enterica

Indiana I
1,4,12:z:1,

7
unknown  ATCC 51959 + +

Salmonella 
enterica 
enterica

Infantis I O:7 (C1)

6,7,14 r 
1,5 

[R1…],[z37
],[z45],[z4

9]

TICC 2616 + +

Salmonella 
enterica 
enterica

Johannesburg I O:40 (R)
1 , 4 0 b 

e,n,x
TICC 2543 + +

Salmonella 
enterica 
enterica

Kahla I
4,42:z35:1

,6
ATCC 17980 + +

 1 
 2 
 3 
 4 
 5 
 6 
 7 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Kedougou I O:13 (G)
1 , 13,23 i 

l,w
TICC 4102 + +

Salmonella 
enterica 
enterica

Kentucky I
O:8 (C2-

C3)
8 ,20 i z6 IMVS TICC 2620 + +

Salmonella 
enterica 
enterica

Kiambu I O:4 (B)
1,4,12 z 

1,5
IMVS TICC 2692 + +

Salmonella 
enterica 
enterica

Kimberley I O:38 (P) 3 8 l,v 1,5 unknown TICC 778 + +

Salmonella 
enterica 
enterica

Kirkee I 17:b:1,2 + +

Salmonella 
enterica 
enterica

Kokomlemle I O:39 (Q)
3 9 l,v 
e,n,x

IMVS TICC 2544 + +

Salmonella 
enterica 
enterica

Kottbus I
O:8 (C2-

C3)
6,8 e,h 1,5 IMVS TICC 2621 + +

Salmonella 
enterica 
enterica

Lansing I O:38 (P) 38 i 1,5 IMVS TICC 2622 + +

Salmonella 
enterica 
enterica

Lexington I
O:3,10 

(E1)

3, {10} 
{15} 

{15,34}
IMVS TICC 2624 + +

Salmonella 
enterica 
enterica

Lille I O:7 (C1)
6,7,14 z38 

– [z82]
IMVS TICC 2684 + +

Salmonella 
enterica 
enterica

Litchfield I
O:8 (C2-

C3)
6,8 l,v 1,2 IMVS TICC 2547 + +

Salmonella 
enterica 
enterica

Livingstone I O:7 (C1)
6 ,7,14 d 

l,w
IMVS TICC 2549 + +

Salmonella 
enterica 
enterica

Llandoff I
O:1,3,19 

(E4)
1,3,19 z29 
[z6] [z37]

TICC 1291 + +

 1 
 2 
 3 
 4 
 5 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

London I
O:3,10 

(E1)
3, {10} 

{15}
IMVS TICC 2550 + +

Salmonella 
enterica 
enterica

Manhattan I
O:8 (C2-

C3)
6,8 d 1,5 

[z58]
unknown TICC 2551 + +

Salmonella 
enterica 
enterica

Mbandaka I O:7 (C1)
6,7,14 z10 

e,n,z15 
[z37],[z45]

unknown TICC 1289 + +

Salmonella 
enterica 
enterica

Miami I O:9 (D1)
1,9,12:a:1,

5  
unknown SGSC 2485 + +

Salmonella 
enterica 
enterica

Montevideo I O:7 (C1)

{ 6 
,7,14}{54} 
g,m,[p],s [ 

1 ,2,7]

unknown TICC 763 + +

Salmonella 
enterica 
enterica

Muenchen I
O:8 (C2-

C3)
6,8:d:1,2  France

SGSC 2490, 
electrophoretic 

type Mu2; 
SARB33

+ +

Salmonella 
enterica 
enterica

Naestved I O:9 (D1)
1,9,12 
g,p,s –

human; 
Ontario, 
Canada

SGSC 3612, 88/8 + +

Salmonella 
enterica 
enterica

Newport I
O:8 (C2-

C3)

6,8:e,h:1,
2 

6,8:e,h:1,
2 

food 
poisoning, 

England
ATCC 6962 + +

Salmonella 
enterica 
enterica

Nottingham I O:16 (I)
16:d:e, n, 

z15
unknown NCTC 7832 + +

Salmonella 
enterica 
enterica

Ohio I O:7 (C1)
6,7,14 b 
l,w [z59]

TICC 444 + +

Salmonella 
enterica 
enterica

Oranienburg I O:7 (C1)
6 , 7,14 

m,t [z57]
TICC 2560 + +

 1 
 2 
 3 
 4 
 5 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Orion I
O:3,10 

(E1)

3 
,{10}{15}{
15,34} y 

1,5

TICC 720 + +

Salmonella 
enterica 
enterica

Panama I O:9 (D1)
1,9,12:l,v:

1,5  
Italy

SGSC 2496, 
electrophoretic 

type Pn1; SARB39 
+ +

Salmonella 
enterica 
enterica

Paratyphi A I O:2 (A)
1,2,12:a:[

1,5]  
unknown

SGSC 2499, 
electrophoretic 

type Pa1; SARB42
+ +

Salmonella 
enterica 
enterica

Paratyphi B I O:4 (B) 1 ,4,[5],12 unknown TICC 2240 + +

Salmonella 
enterica 
enterica

Paratyphi C I O:7 (C1) 6,7,[Vi]

human 
clinical 
isolate, 

Switzerland

SGSC 3592, 4034-
88 

+ +

Salmonella 
enterica 
enterica

Poona I O:13 (G) 1,13,22 unknown TICC 2472 + +

Salmonella 
enterica 
enterica

Reading I O:4 (B) 1,4,[5],12 unknown SGSC 2510 + +

Salmonella 
enterica 
enterica

Rissen I O:7 (C1)
6,7,14 f,g 

–
TICC 2644 + +

Salmonella 
enterica 
enterica

Rubislaw I O:11 (F) 1 1 r e,n,x unknown TICC 2645 + +

Salmonella 
enterica 
enterica

Saint Paul I O:4 (B) 1,4,[5],12 unknown TICC 559 + +

Salmonella 
enterica 
enterica

Schwarzengrun
d

I O:4 (B)
1 , 4 , 1 

2,27
IMVS TICC 4513 + +

 1 
 2 
 3 
 4 
 5 
 6 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Sendai I O:9 (D1)
1,9,12:a:1,

5  
California

SGSC 2515, 
electrophoretic 

type Se1; SARB58   
+ +

Salmonella 
enterica 
enterica

Senftenberg I
O:1,3,19 

(E4)

1 ,3,19 
g,[s],t – 

[z27],[z34]
,[z37],[z43

],[z45], 
[z46],[z82]

unknown TICC 2178, + +

Salmonella 
enterica 
enterica

Singapore I O:7 (C1)
6 ,7 k 
e,n,x

TICC 2652, + +

Salmonella 
enterica 
enterica

Stanley I O:4 (B)
1,4,[5],12,

[27]
Scotland

SGSC 2517, 
electrophoretic 

type St1; Biotype 
26bei.; SARB60   

+ +

Salmonella 
enterica 
enterica

Tennessee I O:7 (C1)
6 ,7,14 

z29 [1,2,7]
IMVS TICC 2577 + +

Salmonella 
enterica 
enterica

Thompson I O:7 (C1)
6 , 7,14 k 
1,5 [R1…]

human, 
Florida

SGSC 2519, 
electrophoretic 

type Th1; SARB62  
+ +

Salmonella 
enterica 
enterica

Typhi I O:9 (D1)
9,12[Vi] d 

– [z66]
ATCC 9993 + +

Salmonella 
enterica 
enterica

Typhimurium I O:4 (B)
1 , 4 

,[5],12

bovine, 
septicaemic 

liver
ATCC 14028 + +

Salmonella 
enterica 
enterica

Typhimurium 
(nm)*

I + +

Salmonella 
enterica 
enterica

Typhimurium 
(nm)*

I + +

 1 
 2 
 3 
 4 
 5 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Typhimurium 
(nm)*

+ +

Salmonella 
enterica 
enterica

UNNAMED I O:7 (C1)  6,7:c:1,5 SGSC 3038 + +

Salmonella 
enterica 
enterica

Virchow I O:7 (C1)
6,7,14 r 

1,2
unknown TICC 552 + +

Salmonella 
enterica 
enterica

Virginia I
O:8 (C2-

C3)
8 d 1,2 TICC 2659 + +

Salmonella 
enterica 
enterica

Wandsworth I O:39 (Q) 3 9 b 1,2 IMVS TICC 2661 + +

Salmonella 
enterica 
enterica

Waycross I O:41 (S)
41 z4,z23 
[e,n,z15]

unknown TICC 566 + +

Salmonella 
enterica 
enterica

Welikade I O:16 (I) 1 6 l,v 1,7 IMVS TICC 2586 + +

Salmonella 
enterica 
enterica

Weltevreden I
O:3,10 

(E1)
3 , 

{10}{15}
IMVS TICC 2663 + +

Salmonella 
enterica 
enterica

Westhampton I
O:3,10 

(E1)

3,{10}{15}
{15,34} 
g,s,t – 
[z37]

TICC 3053 + +

Salmonella 
enterica 
enterica

Wien I O:4 (B)
1,4,12,[27

]
France

SGSC 2528, 
electrophoretic 

type Wi1; 
SARB71   

+ +

Salmonella 
enterica 
enterica

Worthington I O:13 (G)
1 ,13,23 z 
l,w [z43]

IMVS TICC 2587 + +

Salmonella 
enterica 
enterica

Zanzibar I
O:3,10 

(E1)
3,{10}{15} 

k 1,5
IMVS TICC 2589 + +

 1 
 2 
 3 
 4 
 5 
 6 
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Genus, 
species, 

subspecies Serotype Group Sub-group Serology Origin ID

Low 
Microbial 

Load 
Result

High 
Microbial 

Load 
Result

Salmonella 
enterica 
enterica

Zehlendorf I O:30 (N) 3 0 a 1,5 IMVS TICC 2395 + +

Salmonella 
enterica 

houtenae
(IV Argentina) IV 6, 7 6,7:z36:-  unknown SGSC 2555 + +

Salmonella 
enterica 

houtenae
(IV Wassenaar) IV O ag grp Z

IV 
50:g,z51:-

Massachuset
tes

SGSC 2576 + +

Salmonella 
enterica 

houtenae
IV

43:z4,z23: 
- -

unknown SGSC 3084 + +

Salmonella 
enterica 

houtenae 
IV 40 R

43:z4, 
z23:-

unknown NCTC 10401 + +

Salmonella 
enterica 

indica
(VI Flint) VI 6, 14 (H) 50:z4,z23:- unknown SGSC 2554 + +

Salmonella 
enterica 

indica
(VI Vrindaban) VI

O ag grp 
W

45:a:e,n,x England SGSC 2582 + +

Salmonella 
enterica 

indica
VI 45:a:e,n,x unknown SGSC 3116 + +

Salmonella 
enterica 

indica
 (India) VI unknown BAA-1578 + +

Salmonella 
enterica 
salamae

II
1,9,12:l,w:

e,n
Africa ATCC 6959 + +

Salmonella 
enterica 
salamae

(Betioky) II 59:k:(z) Madagascar ATCC 700152 + +

Salmonella 
enterica 
salamae

(Tranoroa) II 55:k:z39 Unknown ATCC 700148 + +

Salmonella 
enterica 
salamae

(II Setubal) II
60:g,m,t:z

6
Mississipi SGSC 2567 + +

 1 
ATCC - American Type Culture Collection; BAA-from American Type Culture Collection; FSD- 3M Food Safety 2 
Culture Collection; NCTC - National Collection of Type Cultures; SGSC- Salmonella Genetic Stock Centre 3 
TICC - Tecra International Culture  4 
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Table. 3  Exclusivity organisms and test results. 1 
Organism ID Test Result

Cedecea neteri ATCC 33855 -

Citrobacter brakii ATCC 29063 -

Citrobacter diversus TICC 1604 -

Citrobacter freundii ATCC 8090 -

Citrobacter koseri TICC 4469 -

Citrobacter sedlakii TICC 4088 -

Citrobacter youngae TICC 4255 -

Cronobacter sakazakii ATCC 29544 -

Edwardsiella tarda NCTC 10396 -

Enterobacter aerogenes ATCC 13048 -

Enterobacter amnigenus ATCC 51816 -

Enterococcus faecalis ATCC 14506 -

Escherichia  coli ATCC 25922 -

Escherichia coli O157:H7 PSU 93.0134 -

Escherichia  hermanii TICC 2489 -

Escherichia  vulneris TICC 447 -

Hafnia alvei ATCC 51815 -

Klebsiella oxytoca ATCC 51817 -

Klebsiella pneumoniae ATCC 23357 -

Morganella morganii ATCC 25830 -

Pantoea spp TICC 4488 -

Proteus mirabilis ATCC 43071 -

Proteus vulgaris ATCC 13315 -

Providencia rettgeri TICC 4472 -

Serratia ficaria TICC 4475 -

Serratia liquefaciens ATCC 51814 -

Serratia marcesens ATCC 14041 -

Shigella sonnei ATCC 25931 -

Staphylococcus aureus ATCC 25923 -

Yersinia enterocolitica ATCC 23715 -

Yersinia kristensenii ATCC 33639 -
Yersinia ruckerii ATCC 29473 -

       2 
ATCC - American Type Culture Collection; NCTC - National Collection of Type Cultures; PSU-Penn State University 3 
Culture Collection; TICC - Tecra International Culture Collection  4 
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Table 4. Ruggedness Results for the Evaluation of Varied Primary Enrichment Times and Temperatures.  1 

40 41.5 43 16 18 24 26
Salmonella 

Typhimurium 
ATCC 14028

10 10 10 10 10 10 10 10

0

Salmonella 
Poona      

NCTC 4840 
Citrobacter 

braakii     
NCTC 4840

Incubation Time, Hours                                     
Number Positive 

10 10

0 0 0 0 0 0 0

Isolate
# of 

Samples

Incubation Temperature (°C) 
Number Positive 

1010 10 10 10 10

2 
   3 
 4 
Table 5. Ruggedness Results for the Evaluation of Varied Times and Temperatures for the                                  5 

3M Petrifilm Salmonella Express  Plate. 6 

40 41.5 43 20 22 24 26 28

Salmonella 
Typhimurium 
ATCC 14028

10 10 10 10 10 10 10 10 10

Isolate
# of 

Samples

Incubation Temperature (°C) 
Number Positive 

Incubation Time, Hours                                                   Number 
Positive 

0

10

0 0 0 0

10 10 10 10
Salmonella 

Poona      
NCTC 4840 

10 10 10 10

Citrobacter 
braakii     

NCTC 4840
0 0 0 0

7 
 8 
 9 
 10 
Table 6. Ruggedness Results for the Evaluation of Varied Times and Temperatures 3M Petrifilm Salmonella 11 

Express Confirmation Disk.  12 

40 41.5 43 2 3 4 5 6
Salmonella 

Typhimurium 
ATCC 14028

10 10 10 10 10 10 10 10 10

Isolate
# of 

Samples

Incubation Temperature (°C) 
Number Positive 

Salmonella 
Poona      

NCTC 4840 
10 10 10 10 10 10 10

Citrobacter 
braakii     

NCTC 4840
10 0 0 0 0 0

10

0 0

10

0

Incubation Time, Hours                                                   Number 
Positive 

13 
 14 
 15 
 16 
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 1 
Table 7.  Ruggedness Results for the Evaluation of Various Hydration  2 
 Fluids Used With the 3M Petrifilm Salmonella Express Plate. 3 

Sterile 
Distilled

Sterile 
Reverse 
Osmosis

Butterfield's 
Phosphate 

Buffer

Salmonella 
Typhimurium 
ATCC 14028

30 30 30 30

Citrobacter 
braakii     

ATCC 43162
30 0 0 0

Salmonella 
Enteritidis   

ATCC 13076
30 30 30 30

Isolate
# of 

Samples

    
Positive 

 4 
 5 
 6 
 7 
Table 8.  Stability Data for 3M Petrifilm Salmonella Express Plate and Disk. 8 
 9 

Salmonella 
Typhimurium     ATCC 

14028
5 5 - - 5 - -

Salmonella  Poona 
NCTC 4840 

5 5 - - 5 - -

 Citrobacter braakii 
ATCC 43162

5 0 - - 0 - -

Strain
Number of 
replicates

3M Petrifilm SALX Confirmation Disk                          Point 
in shelf life - # positive

Newly 
Manufactured    

Time 0 

Middle of Shelf Life  9 
Months                 (To 
be submitted when 

available)

End of shelf life  
18 months        (To 

be submitted 
when available)        

Newly 
Manufactured    

Time 0 

Middle of Shelf Life  9 
Months                 (To 
be submitted when 

available)

End of shelf life  
18 months        (To 

be submitted 
when available)        

3M Petrifilm SALX Plate                                                        
Point in Shelf Life - # positive

10 
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Matrix
Screen for 
Indigenous 
Salmonella

Estimate
total aerobic 

counts

0.1ml sample + 10ml mRV
0.5ml sample + 10ml TT (Hanja) 

22-24h at 42 ± 0.5°C

• Streak to XLT4 (or DMLIA) & BGS
Incubate at 35±2°C

Examine at 18-24h & 42-48h

Transfer typical colonies to TSI/
LIA slants

24±2h at 35±2°C

Ground chicken, pork, beef: 25g + 225mL*
Liquid egg: 100g + 900 mL*

Cooked chicken nuggets: 325g + 2925mL*
Homogenize 2 min

 *BPW

Biochemical/serological 
confirmations on all enrichments

according to USDA/FSIS

MPN

3M USDA
Raw ground chicken, pork, beef: 25g + 225mL*

Liquid egg: 100g + 900 mL*
Cooked chicken nuggets: 325g + 2925mL*

Homogenize 2 min
18-24h at 41.5±1°C

 *3M Salmonella Enrichment + Supplement
(prewarmed to 41.5C)

Ground chicken
20-24h h at 35±2°C

Liquid eggs
18-24h h at 35±2°C

Run the 3M Petrifilm 
Salmonella Express 

System

Transfer typical colonies to 
TSI/LIA slants
24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
USDA/FSIS

Pick typical colony and 
transfer  to TSI/LIA slants

24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
USDA/FSIS

0.1ml sample + 10ml mRV
0.5ml sample + 10ml TT (Hanja) 

22-24h at 42 ± 0.5°C

• Streak to XLT4 (or DMLIA) & BGS
Incubate at 35±2°C

Examine at 18-24h & 42-48h

Chicken, pork, beef
Transfer 0.1 mL BPW 

to 9.9 mL RV10
8 h at 41.5±1°C

Egg

Figure 1. 3M Petrifilm Salmonella vs. USDA – raw ground chicken, raw ground beef, raw ground pork, chicken nuggets, and 1 
pasteurized liquid whole eggs. 2 

 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
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 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 

 22 
 23 
 24 
 25 
 26 

 27 
 28 
 29 
 30 
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Figure 2.  3M Petrifilm Salmonella vs. FDA-BAM – raw shrimp, bunched spinach, dry dog food (375g)     1 
 2 

Screen for 
Indigenous 
Salmonella

Matrix

MPN

Add 25g + 225ml Lactose broth,
Spinach – mix manually, do not blend.

Shrimp & dog food: blend 2 min and let stand 
60±5 min at room temp

Mix and adjust pH to 6.8±0.2 if necessary
24±2h h at 35°C

0.1ml sample + 
10ml RV, 24±2h at 

42±0.2°C

Estimate
total Aerobic 

Counts

High Microbial Load 
Products

1.0ml sample + 10ml 
TT, 24±2h at 43±0.2°C

Transfer typical colonies to 
TSI/LIA slants
24±2h at 35°C

Low Microbial Load 
Products

1.0ml sample + 10ml 
TT, 24±2h at 35±2°C

BAM

Biochemical/serological confirmation on all 
enrichments according to 

FDA-BAM

• Streak to XLD & HE - 24±2h at 35°C
• Streak to BS - incubate at 35°C for 24±2h, 

read and pick if applicable. 
Re-incubate another 24 h

3M

Dry dog food: 375g+3.375L 3M BPW ISO
Spinach & shrimp: 25g + 225ml 3M BPW ISO 

(prewarmed to 42C)
Homogenize 2 min
18-24h h at 42±1°C

Dog food

Run the 3M Petrifilm 
Salmonella Express 

System

Transfer typical colonies to 
TSI/LIA slants
24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

• Streak to XLD & HE - 24±2h at 35°C
• Streak to BS - incubate at 35°C for 
24±2h, read and pick if applicable. 

Re-incubate another 24 h

Pick typical colony and 
transfer  to TSI/LIA slants

24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

0.1ml sample 
+ 10ml RV, 24±2h at 

42±0.2°C

1.0ml sample 
+ 10ml TT, 24±2h at 

35±2°C
Shrimp & Spinach

0.1ml sample 
+ 9.9ml RV10 
8h at 41.5°C

 3 
 4 

5 
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Figure 3.  3M™ Petrifilm™ Salmonella Express vs. FDA-BAM – stainless steel 1 

Surface

1 sponge + 225ml Lactose broth,
Mix well and let stand 60±5 min at room temp

Mix and adjust pH to 6.8±0.2 if necessary
24±2h h at 35°C

0.1ml sample 
+ 10ml RV, 24±2h at 

42±0.2°C

Transfer typical colonies to 
TSI/LIA slants
24±2h at 35°C

1.0ml sample 
+ 10ml TT, 24±2h at 

35±2°C

BAM

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

• Streak to XLD & HE - 24±2h at 35°C
• Streak to BS - incubate at 35°C for 24±2h, 

read and pick if applicable. 
Re-incubate another 24 h

Sample surface with swab or sponge and 
store in DE broth 2hr at room temp

Run the 3M Petrifilm Salmonella 
Express System

3M

1 sponge + 225ml 3M BPW ISO 
(prewarmed to 42C)
Homogenize 2 min
18-24h h at 42±1°C

Transfer typical colonies to 
TSI/LIA slants
24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

• Streak to XLD & HE - 24±2h at 35°C
• Streak to BS - incubate at 35°C for 
24±2h, read and pick if applicable. 

Re-incubate another 24 h

Pick typical colony and 
transfer  to TSI/LIA slants

24±2h at 35°C

Biochemical/serological 
confirmation on all 

enrichments according to 
FDA-BAM

0.1ml sample 
+ 10ml RV, 24±2h at 

42±0.2°C

1.0ml sample 
+ 10ml TT, 24±2h at 

35±2°C

 2 
  3 

 4 
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Table 9 .  Summary of Method Comparison for High Microbial Load Matrices (≥104CFU/g) 1 

8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 
RV-R10 RV-R10 RV-R10 RV-R10 RV-R10  RV-R10 RV-R10 RV-R10

15 15 15 15 15 15 15 15 14
Method

8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 
RV-R10 RV-R10 RV-R10 RV-R10 RV-R10  RV-R10 RV-R10 RV-R10

12 12 12 12 12 12 12 12 12
Method

8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 
RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10

7 11 7 11 7 11 7 11 11

Method

8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 
RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10

13 13 13 13 13 13 13 13 13

Method

8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 8 Hr 24 Hr 
RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10 RV-R10

9 9 9 9 9 9 9 9 9

Method USDA/FSIS- MLG 3M Petrifilm SALX 

Raw 
Ground 
Chicken

14

Number of presumptive positive test portions on 
3M Petrifilm SALX Plates

Confirmed positive by 3M Petrifilm SALX 
Confirmation Disk

USDA/FSIS 
MLG 

Confirmation

   
Enrichment

   
Enrichment

   
Enrichment

   
Enrichment

FDA/BAM 3M Petrifilm SALX 

Frozen 
Uncooked 

Shrimp
10

Number of presumptive positive test portions on 
3M Petrifilm SALX Plates

Confirmed positive by 3M Petrifilm SALX 
Confirmation Disk

FDA/BAM 
Confirmation

   
Enrichment

   
Enrichment

   
Enrichment

   
Enrichment

Fresh 
Spinach

10

Number of presumptive positive test portions on 
3M Petrifilm SALX Plates

Confirmed positive by 3M Petrifilm SALX 
Confirmation Disk

FDA/BAM 
Confirmation

FDA/BAM 3M Petrifilm SALX 

   
Enrichment

   
Enrichment

   
Enrichment

   
Enrichment

USDA/FSIS- MLG 3M Petrifilm SALX 

Raw 
Ground 

Beef
13

Number of presumptive positive test portions on 
3M Petrifilm SALX Plates

Confirmed positive by 3M Petrifilm SALX 
Confirmation Disk

USDA/FSIS 
MLG 

Confirmation

   
Enrichment

   
Enrichment

   
Enrichment

   
Enrichment

   
Enrichment

USDA/FSIS- MLG 3M Petrifilm SALX 

Raw 
Ground 

Pork
9

Number of presumptive positive test portions on 
3M Petrifilm SALX Plates

Confirmed positive by 3M Petrifilm SALX 
Confirmation Disk

USDA/FSIS 
MLG 

Confirmation

   
Enrichment

   
Enrichment

   
Enrichment

 2 
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Table 10 .  Summary of Method Comparison for Low Microbial Load Matrices(≤104CFU/g) 1 

18 Hr 
Primary 

Enrichment
24 Hr Primary 

Enrichment

18 Hr 
Primary 

Enrichment

24 Hr 
Primary 

Enrichment

6
Method

18 Hr 
Primary 

Enrichment
24 Hr Primary 

Enrichment

18 Hr 
Primary 

Enrichment

24 Hr 
Primary 

Enrichment

16
Method

18 Hr 
Primary 

Enrichment
24 Hr Primary 

Enrichment

18 Hr 
Primary 

Enrichment

24 Hr 
Primary 

Enrichment

6
Method

18 Hr 
Primary 

Enrichment
24 Hr Primary 

Enrichment

18 Hr 
Primary 

Enrichment

24 Hr 
Primary 

Enrichment

6

Method USDA/FSIS- MLG 3M Petrifilm SALX Method 

Pastuerized 
Liquid Whole 

Eggs
4

Presumptive positive test 
portions on 3M Petrifilm 

SALX Plates
Confirmed positive by 3M 

SALX Confirmation Disk

USDA/MLG 
Confirmation

6 6 6 6
FDA/BAM 3M Petrifilm SALX Method 

Dry Dog Food 14

Presumptive positive test 
portions on 3M Petrifilm 

SALX Plates
Confirmed positive by 3M 

SALX Confirmation Disk

FDA/BAM 
Confirmation

16 16 16 16

Stainless 
Steel

7

Presumptive positive test 
portions on 3M Petrifilm 

SALX Plates
Confirmed positive by 3M 

SALX Confirmation Disk

FDA/BAM 
Confirmation

FDA/BAM 3M Petrifilm SALX Method 

6 6 6 6
USDA/FSIS- MLG 3M Petrifilm SALX Method 

Cooked 
Chicken 
Nuggets

6

Presumptive positive test 
portions on 3M Petrifilm 

SALX Plates
Confirmed positive by 3M 

SALX Confirmation Disk

USDA/MLG 
Confirmation

6 6 6 6  2 
 3 
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Table 11. 3M Petrifilm SALX Method Comparison Chi-Square Results for Raw Ground Chicken vs USDA/FSIS MLG (Internal Data) 1 

SALX 
Confirmation 
Disk Positive Reference

Control N/A < 0.075 5 0 0 0 0 -

                                        
0.2-2 CFU/

S. enterica 
ser. 

Heidelberg 1.15

Test Portion NCTC 5717 (0.70-2.07)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Heidelberg 1.15

Test Portion NCTC 5717 (0.70-2.07)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Heidelberg 1.15

Test Portion NCTC 5717 (0.70-2.07)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Heidelberg 1.15

Test Portion NCTC 5717 (0.70-2.07)

USDA/FSIS 
MLG

Presumptive 
positive test 
portions on 
3M Petrifilm 
SLAX Plates

Confirmed

18 Hr Primary Enrichment – 8 Hr RV-R10 2o Enrichment

X2                 

Alternative 
Confirmation

X2                 

Traditional 
Confirmation

Inoculation 
Level

Inoculating 
Organism

APC   
CFU/g MPN/25g*

Total 
Samples

3M Petrifilm SALX Method

7.1 x 103

-

20 15 15 14 14 0.12 0

18 Hr Primary Enrichment – 24 Hr RV-R10 2o Enrichment 

7.1 x 103

-

20 15 15 14 14 0.12 0

24 Hr Primary Enrichment – 8 Hr RV-R10 2o Enrichment 

7.1 x 103

-

20 15 15 14 14 0.12 0

24 Hr Primary Enrichment – 8 Hr RV-R10 2o Enrichment

7.1 x 103

-

20 15 15 14 14 0.12 0

 2 
*Includes 95% confidence interval 3 
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Table 12.  3M Petrifilm SALX Method Comparison Chi-Square Results for Raw Ground Beef vs USDA (Internal Data) 1 

Presumptive 
positive test 
portions on 
3M Petrifilm 
SLAX Plates

SALX 
Confirmation 
Disk Positive

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/
S. enterica 
ser. Ohio 1.07

Test Portion STS 81 (0.65-1.79)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/
S. enterica 
ser. Ohio 1.07

Test Portion STS 81 (0.65-1.79)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/
S. enterica 
ser. Ohio 1.07

Test Portion STS 81 (0.65-1.79)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/
S. enterica 
ser. Ohio 1.07

Test Portion STS 81 (0.65-1.79)

24 Hr Primary Enrichment – 24 Hr 20 RV-R10 Enrichment

3.4 x 106

20 13 13 13 0 0

24 Hr Primary Enrichment – 8 Hr 20 RV-R10 Enrichment 

3.4 x 106

20 13 13 13 0 0

0

18 Hr Primary Enrichment – 24 Hr 20 RV-R10 Enrichment 

3.4 x 106

20 13 13 13 0 0

 USDA/FSIS-
MLG

X2    

Alternative 
Confirmation

X2     

Traditional 
Conformation

18 Hr Primary Enrichment – 8 Hr 20 RV-R10 Enrichment

3.4 x 106

20 13 13 13 0

Inoculation 
Level

Inoculating 
Organism

APC   
CFU/g MPN/25g*

Total 
Samples

3M Petrifilm SALX Method

 2 
*Includes 95% confidence interval 3 
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Table 13.  3M Petrifilm SALX Method Comparison Chi-Square Results for Raw Ground Pork vs USDA (Internal Data) 1 

Presumptive Confirmed

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/

S. enterica 
ser. 

Montevideo 0.66

Test Portion ATCC 8387 (0.38-1.16)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/

S. enterica 
ser. 

Montevideo 0.66

Test Portion ATCC 8387 (0.38-1.16)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/

S. enterica 
ser. 

Montevideo 0.66

Test Portion ATCC 8387 (0.38-1.16)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/

S. enterica 
ser. 

Montevideo 0.66

Test Portion ATCC 8387 (0.38-1.16)

*Includes 95% confidence intervals

X2    

Alternative 
Confirmation

X2     

Traditional 
Conformation

APC   
CFU/g

 USDA/FSIS-
MLG

Inoculation 
Level

Inoculating 
Organism MPN/25g*

Total 
Samples

3M Petrifilm SALX 
Method

18 Hr Primary Enrichment – 8 Hr RV-R10 20 Enrichment

2.4 x 107

20 9 9 9 0 0

18 Hr Primary Enrichment – 24 Hr RV-R10 20 Enrichment 

2.4 x 107

20 9 9 9 0 0

24 Hr Primary Enrichment – 8 Hr RV-R10 20 Enrichment

2.4 x 107

20 9 9 9 0 0

24 Hr Primary Enrichment – 24 Hr RV-R10 20 Enrichment

2.4 x 107

20 9 9 9 0 0

 2 
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Table 14.  3M Petrifilm SALX Method Comparison Chi-Square Results for Uncooked Frozen Shrimp vs BAM (Internal Data) 1 

Confirmed 
positive by 

3M 
Confirmation 

Disk
Reference 
Method 

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Virchow 0.77

Test Portion
ATCC 
51955 (0.41-1.36)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Virchow 0.77

Test Portion 
ATCC 
51955 (0.41-1.36)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Virchow 0.77

Test Portion
ATCC 
51955 (0.41-1.36)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Virchow 0.77

Test Portion
ATCC 
51955 (0.41-1.36)

X2 Alternative 
Confirmation

X2   

Traditional 
Confirmation

Presumptive 
positive  test 
portions on 

3M SALX 
Plates

Confirmed

18 Hr Primary Enrichment – 8 Hr RV-R10 20 Enrichment

Inoculation 
Level

Inoculating 
Organism MPN/25g*

Total 
Samples

3M Petrifilm SALX Method

FDA/BAM

12 10 0.39

18 Hr Primary Enrichment – 24 Hr RV-R10 20 Enrichment 

4.0 x 104

20 12 12

0.39

24 Hr Primary Enrichment – 8 Hr RV-R10 20 Enrichment 

4.0 x 104

20 12 12

4.0 x 104

20 12 12

12 10 0.39

APC     
cfu/g

12 10 0.39

24 Hr Primary Enrichment – 24 Hr RV-R10 20 Enrichment

4.0 x 104

20 12 12

12 10

 2 
*Includes 95% confidence intervals 3 
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Table 15.  3M Petrifilm SALX Method Comparison Chi-Square Results for Spinach vs BAM (Internal Data) 1 

Confirmed 
positive by 3M 
Confirmation 

Disk
Reference 
Method

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Saintpaul 0.77

Test Portion ATCC 9712 (0.41-1.36)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Saintpaul 0.77

Test Portion ATCC 9712 (0.41-1.36)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Saintpaul 0.77

Test Portion ATCC 9712 (0.41-1.36)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Saintpaul 0.77

Test Portion ATCC 9712 (0.41-1.36)

Presumptive 
positive  test 
portions on 

3M SALX 
Plates

Confirmed

18 Hr Primary Enrichment – 8 Hr RV-R10 20 Enrichment

Inoculation 
Level

Inoculating 
Organism

APC 
CFU/25g MPN/25g*

Total 
Samples

3M Petrifilm SALX Method

10 0.9

FDA/BAM
X2 Alternative 
Confirmation

X2   Traditional 
Confirmation

1.0 x 107

20 7 7 11

18 Hr Primary Enrichment – 24 Hr RV-R10 20 Enrichment

1.0 x 107

20 11 11 11 10 0.1

24 Hr Primary Enrichment – 8 Hr RV-R10 20 Enrichment 

1.0 x 107

20 7 7 11 10 0.9

24Hr Primary Enrichment – 24 Hr RV-R10 20 Enrichment

1.0 x 107

20 11 11 11 10 0.1

 2 
*Includes 95% confidence intervals 3 
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Table 16.  3M Petrifilm SALX Method Comparison Chi-Square Results for Pasteurized Liquid Whole Eggs vs BAM (Internal Data) 1 

Confirmed 
positive by 

3M 
Confirmation 

Disk
Reference 
Method

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Enteritidis 1.15

Test Portion
ATCC 
13076 (0.70-2.07)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/

S. enterica 
ser. 

Enteritidis 1.15

Test Portion 
ATCC 
13076 (0.70-2.07)

0.98

USDA/FSIS 
MLG

X2 Alternative 
Confirmation

X2    Traditional 
Confirmation

Presumptive 
positive  test 
portions on 

3M SALX 
Plates

Confirmed

18 Hr Primary Enrichment 

Inoculation 
Level

Inoculating 
Organism

APC   
CFU/g MPN/25g*

Total 
Samples

3M Petrifilm SALX Method

0.98

0.98

24 Hr Primary Enrichment

6.0 x 101

20 6 6 6 4 0.98

6.0 x 101

20 6 6 6 4

 2 
*Includes 95% confidence intervals 3 
 4 

 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
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Table 17.  3M Petrifilm SALX Method Comparison Chi-Square Results for Dry Dog Food vs BAM (Internal Data) 1 

Confirmed 
positive by 

3M 
Confirmation 

Disk
Reference 
Method

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/
S. enterica 
ser. Poona 0.03

Test Portion ATCC 4840 (0.01-0.68)

Control N/A < 0.075 5 0 0 0 0 -

0.2-2 CFU/
S. enterica 
ser. Poona 0.03

Test Portion ATCC 4840 (0.01-0.68)

Presumptive 
positive  test 
portions on 

3M SALX 
Plates

Confirmed

18 Hr Primary Enrichment

Inoculation 
Level

Inoculating 
Organism

APC   
CFU/g MPN/325g*

Total 
Samples

3M Petrifilm SALX Method

14 0.52 0.52

FDA/BAM
X2 Alternative 
Confirmation

X2   

Traditional 
Confirmation

1.7 x 103

20 16 16 16

24 Hr Primary Enrichment 

1.7 x 103

20 16 16 16 14 0.52 0.52

 2 
*Includes 95% confidence intervals 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
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Table 18.  3M Petrifilm SALX Method Comparison Chi-Square Results for Cooked Chicken Nuggets vs USDA (Internal Data) 1 

Presumptive 
positive  test 
portions on 

3M SALX 
Plates

Confirmed 
positive by 

3M 
Confirmation 

Disk

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/

S. enterica 
ser. 

Typhimuriu
m 0.03

Test Portion
ATCC 
14028 (0.01-0.08)

Control N/A < 0.075 5 0 0 0 - -

0.2-2 CFU/

S. enterica 
ser. 

Typhimuriu
m 0.03

Test Portion 
ATCC 
14028 (0.01-0.08)

 USDA/FSIS-
MLG

X2    

Alternative 
Confirmation

X2     

Traditional 
Conformation

18 Hr Primary Enrichment 

2.4 x 102

20 6 6 6 0

Inoculation 
Level

Inoculating 
Organism

APC   
CFU/g MPN/25g*

Total 
Samples

3M Petrifilm SALX Method

0

24 Hr Primary Enrichment 

2.4 x 102

20 6 6 6 0 0

 2 
*Includes 95% confidence intervals 3 

 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
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Table 19.  3M Petrifilm SALX Method Comparison Chi-Square Results for Stainless Steel vs BAM (Internal Data) 1 

Confirmed 
positive by 

3M 
Confirmation 

Disk
Reference 
Method

Control N/A 0 5 0 0 0 0 -

0.2-2 CFU/
S. enterica 
ser. Kahla

Test Portion
ATCC 
17980

Control N/A 0 5 0 0 0 0 -

0.2-2 CFU/
S. enterica 
ser. Kahla

Test Portion 
ATCC 
17980

Inoculation 
Level

Inoculating 
Organism

APC   
CFU/g

CFU/ 
100cm2*

Total 
Samples FDA/BAM

X2    

Alternative 
Confirmation

X2     

Traditional 
Conformation

Presumptive 
positive  test 
portions on 

3M SALX 
Plates

Confirmed
3M Petrifilm SALX Method

18 Hr Primary Enrichment

NA
51 20 6 6 6 7 0.11

0.11 0.11

0.11

24 Hr Primary Enrichment 

NA
51 20 6 6 6 7

 2 
Includes 95% confidence intervals 3 

 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
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Table 20.  3M Petrifilm SALX Method Comparison POD Results for Raw Ground Chicken (Internal Data) 1 

xc PODC
d 95% CI x PODR

e 95% CI

Raw 
Ground 
Chicken

18 Hr 
Primary 

Enrichment 
– Salmonella

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

Vs. 
USDA/FSIS-

MLG

8 Hr          20 

RV-R10 
Enrichment Heidelberg

1.15 (0.70-
2.07)

20 14 0.7 0.48 - 0.85 14 0.7 0.48 - 0.85 0 -0.27 – 0.27

18 Hr 
Primary 

Enrichment 
– NCTC

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr         
20 RV-R10 

Enrichment 5717

1.15 (0.70-
2.07)

20 14 0.7 0.48 - 0.85 14 0.7 0.48 - 0.85 0 -0.27 – 0.27

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr           20 

RV-R10 
Enrichment

1.15 (0.70-
2.07)

20 14 0.7 0.48 - 0.85 14 0.7 0.48 - 0.85 0 -0.27 – 0.27

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr         
20 RV-R10 

Enrichment

1.15 (0.70-
2.07)

20 14 0.7 0.48 - 0.85 14 0.7 0.48 - 0.85 0 -0.27 – 0.27

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator with 95% confidence interval 
bN = Number of test potions
cx = Number of positive test portions
dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values

Reference Method

dPODC
f 95% CIg

g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

Matrix Time Point Strain MPNa/25g Nb

3M Petrifilm SALX Method

 2 
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Table 21.  3M Petrifilm SALX Method Comparison POD Results for Raw Frozen Shrimp (Internal Data) 1 

xc PODCP
d 95% CI x PODCC

e 95% CI

 Frozen 
Uncooked 
Shrimp -

18 Hr 
Primary 

Enrichment 
– Salmonella

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr            
20 RV-R10  

Enrichment Virchow

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

Confirmed by 
the  3M 

Confirmation 
Disk

18 Hr 
Primary 

Enrichment 
– ATCC

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr          
20 RV-R10  

Enrichment 51955

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr      20RV-
R10  

Enrichment

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr         20 

RV-R10 
Enrichment

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

Frozen 
Uncooked 
Shrimp -

18 Hr 
Primary 

Enrichment 
– Salmonella

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr           20 

RV-R10 
Enrichment Virchow

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

Confirmed by 
the Reference 

Method 

18 Hr 
Primary 

Enrichment 
– ATCC

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr        20 

RV-R10 
Enrichment 51955

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr           20 

RV-R10 
Enrichment

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr        20 

RV-R10 
Enrichment 

0.77 (0.41-
1.36)

20 12 0.6 0.39 – 0.78 12 0.6 0.39 – 0.78 0 -0.28 – 0.28

dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

Reference Method

dPODCP
f 95% CIg

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator with 95% confidence interval 
bN = Number of test potions
cx = Number of positive test portions

Matrix Time Point Strain MPNa/25g Nb

3M Petrifilm SALX Method
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Table 22.  3M Petrifilm SALX Method Comparison POD Results for Raw Spinach (Internal Data)  1 

xc PODC
d 95% CI x PODR

e 95% CI

Fresh 
Spinach

18 Hr 
Primary 

Enrichment – Salmonella 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

Vs. 
FDA/BAM

8 Hr             
20 RV-R10 

Enrichment Saint paul
0.77 (0.41-

1.36) 20 7 0.35 0.18 - 0.57 10 0.5 0.30 – 0.70 0.15 -0.41 - 0.15

18 Hr 
Primary 

Enrichment – ATCC 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43
24 Hr          20 

RV-R10 
Enrichment 9712

0.77 (0.41-
1.36) 20 7 0.35 0.18 - 0.57 10 0.5 0.30 – 0.70 0.15 -0.41 - 0.15

24 Hr 
Primary 

Enrichment – 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43
8 Hr              

20 RV-R10 
Enrichment 

0.77 (0.41-
1.36) 20 7 0.35 0.18 - 0.57 10 0.5 0.30 – 0.70 0.15 -0.41 - 0.15

24 Hr 
Primary 

Enrichment – 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43
24 Hr          20 

RV-R10 
Enrichment

0.77 (0.41-
1.36) 20 7 0.35 0.18 - 0.57 10 0.5 0.30 – 0.70 0.15 -0.41 - 0.15

dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

Reference Method

dPODC
f 95% CIg

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator
bN = Number of test potions
cx = Number of positive test portions

Matrix Time Point Strain MPNa/25g Nb

3M Petrifilm SALX Method
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Table 23.  3M Petrifilm SALX Method Comparison POD results for Raw Ground Beef (Internal Data)  1 

Xc PODC
d 95% CI x PODR

e 95% CI

Raw 
Ground 

Beef

18 Hr 
Primary 

Enrichment 
– Salmonella 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

Vs. 
USDA/FSIS-

MLG

8 Hr            
20 RV-R10 

Enrichment Ohio
1.07 (0.65-

1.79) 20 13 0.65 0.43 – 0.82 13 0.65 0.43 – 0.82 0 -0.28 – 0.28
18 Hr 

Primary 
Enrichment 

– STS 81 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr          
20 RV-R10 

Enrichment
1.07 (0.65-

1.79) 20 13 0.65 0.43 – 0.82 13 0.65 0.43 – 0.82 0 -0.28 – 0.28
24 Hr 

Primary 
Enrichment 

– 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr            
20 RV-R10 

Enrichment
1.07 (0.65-

1.79) 20 13 0.65 0.43 – 0.82 13 0.65 0.43 – 0.82 0 -0.28 – 0.28
24 Hr 

Primary 
Enrichment 

– 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr          
20 RV-R10 

Enrichment
1.07 (0.65-

1.79) 20 13 0.65 0.43 – 0.82 13 0.65 0.43 – 0.82 0 -0.28 – 0.28

dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

Reference Method

dPODC
f 95% CIg

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator with 95% confidence interval 
bN = Number of test potions
cx = Number of positive test portions

Matrix Time Point Strain MPNa/25g Nb

3M Petrifilm SALX Method
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Table 24.  3M Petrifilm SALX Method Comparison POD Results for Raw Ground Pork (Internal Data) 1 

Xc PODC
d 95% CI x PODR

e 95% CI

Raw 
Ground 

Pork

18 Hr 
Primary 

Enrichment 
– Salmonella

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

Vs. 
USDA/FSIS-

MLG

8 Hr             
20 RV-R10 

Enrichmnet Montevideo

0.66 (0.38-
1.16)

20 9 0.45 0.26 – 0.66 9 0.45 0.26 – 0.66 0 -0.28 – 0.28

18 Hr 
Primary 

Enrichment 
– ATCC 8387

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr           
20 RV-R10 

Enrichmnet

0.66 (0.38-
1.16)

20 9 0.45 0.26 – 0.66 9 0.45 0.26 – 0.66 0 -0.28 – 0.28

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

8 Hr             
20 RV-R10 

Enrichmnet

0.66 (0.38-
1.16)

20 9 0.45 0.26 – 0.66 9 0.45 0.26 – 0.66 0 -0.28 – 0.28

24 Hr 
Primary 

Enrichment 
–

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

24 Hr          20 

RV-R10 
Enrichmnet

0.66 (0.38-
1.16)

20 9 0.45 0.26 – 0.66 9 0.45 0.26 – 0.66 0 -0.28 – 0.28

dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

Reference Method

dPODC
f 95% CIg

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator with 95% confidence interval 
bN = Number of test potions
cx = Number of positive test portions

Matrix Time Point Strain MPNa/25g Nb

3M Petrifilm SALX Method
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Table 25.  3M Petrifilm SALX Method Comparison POD Results for Liquid Whole Egg (Internal Data) 1 

xc PODC
d 95% CI x PODR

e 95% CI
Pasteurized 

Liquid 
Whole Egg Salmonella

0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

Vs. 
USDA/FSIS- Enteritidis

0.32 (0.14-
0.56)

20 6 0.3 0.15-0.52 4 0.2 0.08 – 0.42 0.1 -0.17 – 0.35

ATCC 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

13076

0.32 (0.14-
0.56)

20 6 0.3 0.15-0.52 4 0.2 0.08 – 0.42 0.1 -0.17 – 0.35

g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

Reference Method

dPODCP
f 95% CIg

18 Hr 
Primary 

Enrichment 
–

24 Hr 
Primary 

Enrichment 
–

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator    with 95% 

Matrix Time Point Strain MPNa/100g Nb

3M Petrifilm SALX Method

bN = Number of test potions
cx = Number of positive test portions
dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
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Table 26.  3M Petrifilm SALX Method Comparison POD Results for Dry Dog Food and Stainless Steel (Internal Data) 1 

Xc PODC
d 95% CI x PODR

e 95% CI
Dry Dog 

Food Salmonella 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 
0.43

Vs. 
FDA/BAM Poona

0.03 (0.01-
0.68) 20 16 0.8 0.58 - 0.92 14 0.7 0.48 - 0.85 0.1 -0.17 – 

0.35

ATCC 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 
0.43

4840
0.03 (0.01-

0.68) 20 16 0.8 0.58 - 0.92 14 0.7 0.48 - 0.85 0.1 -0.17 – 
0.35

Stainless 
Steel Salmonella 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 

0.43
Vs. 

FDA/BAM Kahla 51 20 6 0.3 0.15 – 0.52 7 0.35 0.18 – 0.57 -0.05 -0.32 – 
0.23

ATCC 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 
0.43

17980 51 20 6 0.3 0.15 – 0.52 7 0.35 0.18 – 0.57 -0.05 -0.32 – 
0.23

18 Hr 
Primary 

Enrichment 

Matrix Time Point Strain

MPNa/ 
325g or 

CFU 
100cm2

Reference Method

dPODC
f 95% CIg

18 Hr 
Primary 

Enrichment 

24 Hr 
Primary 

Enrichment

Nb

3M Petrifilm SALX Method

fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

24 Hr 
Primary 

Enrichment
aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator with 95% confidence interval 
bN = Number of test potions
cx = Number of positive test portions
dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
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Table 27.  3M Petrifilm SALX Method Comparison POD Results for Cooked Chicken Nuggets (Internal Data) 1 

Xc PODC
d 95% CI x PODR

e 95% CI

Salmonella 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

Typhimurium
0.03 (0.01-

0.08) 20 6 0.3 0.15 – 0.52 6 0.3 0.15 – 0.52 0 -0.27 – 0.27

ATCC 0 5 0 0 0.00 - 0.43 0 0 0.00 - 0.43 0 -0.43 – 0.43

14028
0.03 (0.01-

0.08) 20 6 0.3 0.15 – 0.52 6 0.3 0.15 – 0.52 0 -0.27 – 0.27

Reference Method

dPODC
f 95% CIg

Cooked Chicken 
Nuggets Vs. 
USDA/FSIS-

MLG

18 Hr 
Primary 

Enrichment 

24 Hr 
Primary 

Enrichment

Matrix Time Point Strain MPNa/325g Nb

3M Petrifilm SALX Method

g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level

aMPN = Most Probable Number is  based on the POD of reference method test portions across labs using the AOAC MPN calculator with 95% confidence interval 
bN = Number of test potions
cx = Number of positive test portions
dPODC = Candidate method confirmed positive outcomes divided by the total number of trials
ePODR = Reference  method confirmed positive outcomes divided by the total number of trials
fdPODC = Difference between the candidate method confirmed results and candidate method confirmed result POD values
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Table 28.  Statistical Analysis (Chi Square) of 3M Salmonella Petrifilm Method Compared to the USDA/FSIS Method for Detection of 1 
Salmonella in Raw Ground Chicken and Pasteurized Liquid Eggs (Independent Laboratory Data) 2 

Matrix

Level of 
Target 

Organism MPN/25ga
Total 

Samplesb
Presumptive 

Positive
Confirmed 
Positivec

Reference 
Positived X 2e

Relative 
Sensitivity 

Ratef

False 
Positive 

Rateg

Raw Ground 
Chicken Control NA 5 0 0 0 - -

Low 0.8 20 12 12 11 0.1 100 0.0

Pasteurized 
Liquid Eggs Control NA 5 0 0 0 - -

Low 0.2 20 7 7 8 0.1 100 0.0
a Most probable number of colony forming units (cfu)/g food
b Number of test assay positive samples not considering subsequent confirmations
c Number of test assay positive samples subsequently confirmed
d Number of samples positive by reference method
eMantel-Hansezel chi square

g Test false positive rate is 100 – test specificity rate. Not calculated where the number of samples negative by both methods is 0.

3M Salmonella Petrifilm Method

                      
results, expressed as a percentage.                        
positive reference results
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Table 29.  Statistical Analysis (Chi Square) of 3M Salmonella Petrifilm Method Compared to the BAM Method for                                              1 
Detection of Salmonella on Stainless Steel (Independent laboratory Data) 2 

Matrix
Level of 
Target 

Total 
Samplesb

Presumptive 
Positive

Confirmed 
Positivec

Reference 
Positived X 2e

Relative 
Sensitivity 

False 
Positive 

Control 5 0 0 0 - -
Low 20 6 6 7 0.11 100 0.0

Stainless 
Steel

3M Petrifilm SALX Method

 3 
b Number of test assay positive samples not considering subsequent confirmations      
c Number of test assay positive samples subsequently confirmed     
d Number of samples positive by reference method      
e Mantel-Hansezel chi square       
f Test sensitivity rate is defined as the number of confirmed positive test results divided by the number of test screened   
positive results, expressed as a percentage. 
g Test false positive rate is 100 – test specificity rate. Not calculated where the number of samples negative by both 
methods is 0.        
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Table 30.  Statistical Analysis (POD) of 3M Salmonella Petrifilm Method Confirmed vs. Reference Method  1 
(Independent Laboratory Data) 2 

Matrix 
MPNa/25g 
(or 100g 
for egg) 

Nb 
3M Petrifilm SALX Method 

Confirmed Reference Method 
dPODC

f 95% CIg 

Xc PODc
d 95% CI Xc PODR

e 95% CI 

Ground  
Chicken  

N/Ah 5 0 0.000 0.000-0.435 0 0.000 0.000-0.435 0.000 -0.435-
0.435 

0.79 20 12 0.600 0.387-0.781 11 0.550 0.342-0.742 0.050 -0.237-
0.326 

Pasteurized 
Liquid Egg 

N/Ah 5 0 0.000 0.000-0.435 0 0.000 0.000-0.435 0.000 -0.435-
0.435 

0.80 20 7 0.350 0.181-0.567 8 0.400 0.219-0.313 -0.050 -0.322-
0.233 

Stainless 
Steel 

N/Ah 5 0 0.000 0.000-0.435 0 0.000 0.000-0.435 0.000 -0.435-
0.435 

N/Ah 20 6 0.300 0.145-0.519 7 0.350 0.181-0.567 -0.050 -0.317-
0.226 

aMPN = Most Probable Number is based on the POD of reference method test portions using the AOAC MPN calculator, 
with 95% confidence interval  
bN = Number of test portions         
cx = Number of positive test portions        
dPODC = Confirmed candidate method positive outcomes divided by the total number of 
trials    
ePODR = Confirmed reference method positive outcomes divided by the total number of 
trials    
fdPODC = Difference between the candidate method and reference method POD values    
g95% CI = If the confidence interval of a dPOD does not contain zero, then the difference is statistically significant at the 5% level 
hN/A = Not applicable          

 3 
 4 
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a2rjqzz
Sticky Note
To be added here:The limit of detection of the 3M Petrifilm SALX System method is 1-5cfu per food sample. 
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a2rjqzz
Sticky Note
These sentences are being added here:    “The 3M Petrifilm SALX System has been validated using representative samples of the following matrices: raw ground chicken, pasteurized liquid whole egg, raw ground beef, raw ground pork, and cooked chicken nuggets, frozen uncooked shrimp, fresh bunched spinach, dry dog food, and stainless steel.”  
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a2rjqzz
Sticky Note
Foods:  Produce**  

a2rjqzz
Sticky Note
“**For fresh, bunched spinach: incubation of the secondary enrichment (RV-R10) is 24 hours.
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AOAC Official Method 2014.05 
Enumeration of Yeast and Mold in Food

3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 
First Action 2014

[Applicable to the enumeration of yeast and mold in the 
following high-water activity matrices: yogurt, frozen bread dough, 
fermented salami, sour cream, ready-made pie, raw frozen ground 
beef patties (77% lean), ready-to-eat deli sandwiches, sliced apples, 
and the following low-water activity matrixes: raw almonds and 
dehydrated soup.]
Caution:	 After	 use,	 the	 diluents	 and	 3M	 Petrifilm	 RYM	 Count	

Plates may contain microorganisms that may be a 
potential biohazard as several foodborne molds have 
the ability to produce toxic metabolites known as 
mycotoxins.	 If	 further	 identification	 of	 a	mold	 species	
is required, appropriate personal protective equipment 
(PPE)	 should	 be	 used	 when	 top	 film	 is	 retracted	 and	
exposure to spores or mycotoxins may occur. When 
testing is complete, follow current industry standards for 
the	disposal	of	contaminated	waste.	Consult	the	Material	
Safety Data Sheet for additional information and local 

regulations for disposal. For information on potential 
biohazards, reference Biosafety in Microbiological 
and Biomedical Laboratories, 5th Ed., Section VIII-B: 
Fungal Agents.

	 The	 3M	 Petrifilm	 RYM	 Count	 plates	 contain	
chloramphenicol and chlortetracycline, potent broad 
spectrum antibiotic drugs commonly used in yeast and 
mold enumeration. The drug, when used in humans, is 
associated	with	many	toxic	effects.	Care	should	be	taken	
to avoid coming into direct contact with the gel on the 
plates.

See Tables 2014.05A and 2014.05B for a summary of results 
of the collaborative study. The result for each collaborating 
laboratory’s aerobic plate count analysis for each matrix is shown 
in Table 2014.05C.

See Tables 2–9 for detailed results of the collaborative study 
[J. AOAC Int. 98, 767(2015)].
A. Principle

The	3M	Petrifilm	Rapid	Yeast	and	Mold	Count	(RYM)	Plate	is	
a sample-ready culture medium system, which contains nutrients 

Table 2014.05A. Interlaboratory study results of 3M Petrifilm RYM versus FDA-BAM and ISO 21527 methods for frozen raw ground 
beef patties

3M Petrifilm RYM method FDA-BAM/ISO 21527 methodsa

Matrix Lot Nb Meanc sr sR  N Mean sr sR P-valued
Difference  
of means

Reverse  
transformed  

mean  
differencee

Frozen raw ground beef patties

25°C, 48 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.12 0.41 0.41 11(1) 2.07 0.36 0.38 0.5323 0.05 14.34

Medium 11(0) 3.52 0.10 0.10 11(0) 3.47 0.09 0.11 0.1637 0.05 360.10

High 11(0) 4.65 0.13 0.14 11(0) 4.59 0.10 0.14 0.2266 0.06 5763.84

25°C, 60 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.14 0.36f 0.37 11(1) 2.07 0.36 0.38 0.3773 0.07 20.55

Medium 11(0) 3.52 0.10 0.10 11(0) 3.47 0.09 0.11 0.1573 0.05 360.10

High 11(0) 4.65 0.14 0.15 11(0) 4.59 0.10 0.14 0.1750 0.06 5763.84

28°C, 48 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.17 0.29f 0.30 11(1) 2.07 0.36 0.38 0.1391 0.10 30.42

Medium 11(0) 3.53 0.10 0.10 11(0) 3.47 0.09 0.11 0.0824 0.06 437.23

High 11(0) 4.67 0.08f 0.11 11(0) 4.59 0.10 0.14 0.0966 0.08 7869.00

28°C, 60 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.16 0.29f 0.29 11(1) 2.07 0.36 0.38 0.1843 0.09 27.05

Medium 11(0) 3.53 0.09 0.10 11(0) 3.47 0.09 0.11 0.1095 0.06 437.23

 High 11(0) 4.67 0.08f 0.11  11(0) 4.59 0.10 0.14 0.1088 0.08 7869.00

a  Samples were analyzed by harmonized FDA-BAM Chapter 18 and ISO 21527 methods using 0.1% peptone as the sample diluent.
b  N = Number of laboratories that reported complete results. Outliers are in parentheses.
c  Log10 yeast and mold CFU/g.
d  Significant difference (P <0.05).
e  Results presented as CFU/g.
f  Results indicate that the candidate method is more repeatable than the reference methods. sr = Repeatability standard deviation; sR = reproducibility standard 

deviation.

http://dx.doi.org/10.5740/jaoacint.15-006
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supplemented with antibiotics, a cold-water-soluble gelling agent, 
and an indicator system that facilitates yeast and mold enumeration. 
3M	Petrifilm	RYM	Count	Plates	are	used	for	 the	enumeration	of	
yeast and mold in as little as 48 h in the food and beverage industries. 
3M	Food	Safety	is	certified	to	ISO	(International	Organization	for	
Standardization) 9001 for design and manufacturing.
B. Apparatus and Reagents

(a)  3M  Petrifilm  RYM  Count  Plate.—25 plates/pouch; two 
pouches/box (3M Food Safety, St. Paul, MN, USA).

(b) Sterile diluents.—0.1% peptone water.
(c) Pipets.—Capable	of	1000	µL	or	a	serological	pipet.
(d) Sterile pipet tips.—Capable	of	1000	µL.
(e) Stomacher.—Seward or equivalent.
(f) Filter stomacher bags.—Seward or equivalent.
(g)  3M Petrifilm Flat Spreader.
(h) Incubators.—Capable	of	maintaining	25	±	1°C	and	28	±	1°C	

and having a solid front to maintain a dark interior.
(i)  Refrigerator.—Capable	of	maintaining	2–8°C,	for	storing	the	

3M	Petrifilm	RYM	Plates.
(j) L-shaped spreaders.
(k)  Standard colony counter or illuminated magnifier.

C. General Instructions

(a) Store	 unopened	 3M	 Petrifilm	 RYM	 Plate	 pouches	
refrigerated	or	 frozen	 (–20	 to	8°C/–4	 to	46°F).	 Just	prior	 to	use,	
allow unopened pouches to come to room temperature before 
opening	(20–25°C/<60%	RH).	Return	unused	3M	Petrifilm	RYM	
Plates to the pouch. Seal by folding the end of the pouch over 
and applying adhesive tape. To prevent exposure to moisture, do 
not refrigerate opened pouches. Store resealed pouches in a cool 
dry	place	 (20–25°C/<60%	RH)	 for	no	 longer	 than	4	weeks.	 It	 is	
recommended	that	resealed	pouches	of	3M	Petrifilm	RYM	Plates	
be	stored	in	a	freezer	 if	 the	 laboratory	temperature	exceeds	25ºC	
(77ºF) and/or the laboratory is located in a region where the relative 
humidity exceeds 60% (with the exception of air-conditioned 
premises).
To	store	opened	pouches	in	a	freezer,	place	3M	Petrifilm	RYM	

Plates in a sealable container. 
Post-incubation	3M	Petrifilm	RYM	Plates	can	be	stored	at	–10	to	

–20°C	for	up	to	7	days.
(b) Follow all instructions carefully. Failure to do so may lead 

to inaccurate results.

Table 2014.05B. Interlaboratory study results of 3M Petrifilm RYM versus FDA-BAM and ISO 21527 methods for raw almonds

3M Petrifilm RYM method FDA-BAM/ISO 21527 methodsa

Matrix Lot Nb Meanc sr sR  N Mean sr sR P-valued
Difference  
of means

Reverse 
transformed 

mean 
differencee

Raw almonds

25°C, 48 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.45 0.17f 0.26 14(0) 1.55 0.19 0.34 0.4165 0.10 –7.30

Medium 14(1) 2.12 0.26 0.39 14(0) 2.21 0.20 0.24 0.3322 0.09 –30.36

High 14(2) 3.00 0.18 0.49 14(1) 3.08 0.12 0.31 0.2833 0.08 –202.26

25°C, 60 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.53 0.23 0.28 14(0) 1.55 0.19 0.34 0.8391 0.02 –1.60

Medium 14(0) 2.20 0.21 0.27 14(0) 2.21 0.20 0.24 0.7789 0.01 –3.69

High 14(2) 3.04 0.18 0.41 14(1) 3.08 0.12 0.31 0.5418 0.04 –105.79

28°C, 48 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.58 0.16f 0.21 14(0) 1.55 0.19 0.34 0.7381 0.03 2.54

Medium 14(0) 2.17 0.17f 0.29 14(0) 2.21 0.20 0.24 0.6139 0.04 –11.73

High 14(2) 3.01 0.17 0.45 14(1) 3.08 0.12 0.31 0.3904 0.07 –178.97

28°C, 60 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.60 0.17f 0.20 14(0) 1.55 0.19 0.34 0.5474 0.05 4.33

Medium 14(0) 2.21 0.17f 0.23 14(0) 2.21 0.20 0.24 0.9483 0.00 0.00

 High 14(2) 3.03 0.18 0.42  14(1) 3.08 0.12 0.31 0.4687 0.05 –130.75

a  Samples were analyzed by harmonized FDA-BAM Chapter 18 and ISO 21527 methods using 0.1% peptone as the sample diluent.
b  N = Number of laboratories that reported complete results. Outliers are in parentheses.
c  Log10 yeast and mold CFU/g.
d  Significant difference (P <0.05).
e  Results presented as CFU/g.
f  Results indicate that the candidate method is more repeatable than the reference methods. sr = Repeatability standard deviation; sR = reproducibility standard 

deviation.
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D. Sample Preparation

(1) Aseptically prepare a 1:10 dilution of each test portion.
Dairy products.—Pipet	 11	 mL	 or	 weigh	 11	 g	 of	 sample	 into	

99	mL	sterile	0.1%	peptone	water.	Shake	25	times	to	homogenize.
All other foods.—Weigh out 25 g of sample from test portion into 

a	sterile	stomacher	bag	and	dilute	with	225	mL	of	0.1%	peptone	
water; stomach at high speed to homogenize.

(2) Prepare 10-fold serial dilutions in 0.1% peptone water.
(3)	 Place	a	3M	Petrifilm	RYM	Count	Plate	on	a	flat,	level	surface	

for each dilution to be tested.
(4)	 Lift	the	top	of	the	film.	Dispense	1	mL	of	each	dilution	onto	

the	center	of	the	bottom	film	of	each	plate.
(5)	 Roll	the	film	down	onto	the	sample.
(6)	 Place	the	3M	Petrifilm	Flat	Spreader	(Cat.	No.	6425)	on	the	

center of the plate. Press gently on the center of the spreader to 
distribute the sample evenly. Spread the inoculum over the entire 
3M	 Petrifilm	 RYM	 Count	 Plate	 growth	 area	 before	 the	 gel	 is	
formed. Do not slide the spreader across the film.

(7)	 Remove	the	spreader	and	leave	the	plate	undisturbed	for	at	
least 1 min to permit the gel to form.

(8)	 Incubate	 the	 3M	 Petrifilm	 RYM	 Count	 Plates	 at	 25	 or	
28°C	 in	 a	 horizontal	 position	with	 the	 clear	 side	up	 in	 stacks	of	
no more than 40. Enumerate plates after 48 h of incubation. If 
colonies appear faint, allow up to an additional 12 h of incubation 

Table 2014.05C. Results of aerobic plate count for 
collaborating laboratories

Lab Frozen raw ground beef, CFU/g Raw almonds, CFU/g

1 3.8 × 102 6.0 × 101

2 1.1 × 103 6.0 × 102

3 <10 3.0 × 101

4 Not reported Not reported

5 2.8 × 103 2.8 × 101

6 8.0 × 101 2.2 × 101

7 9.1 × 102 1.6 × 102

8 Not reported Not reported

9 9.0 × 102 2.0 × 102

10 1.3 x 103 4.0 × 102

11 >2500 1.0 × 101

12 Not reported 7.0 × 101

13 9.5 × 101 1.0 × 101

14 7.3 × 102 2.3 × 102

15 3.7 × 102 8.0 × 101

time	for	enhanced	interpretation.	3M	Petrifilm	RYM	Count	Plates	
can be counted using a standard colony counter with the use of a 
back	light	or	an	illuminated	magnifier	to	assist	with	the	estimated	
enumeration.

(9)	 Yeast	colonies	appear	raised	and	small	with	defined	edges.	
Colonies	may	appear	pink/tan	to	blue/green	in	color.

(10)	 Mold	colonies	appear	flat	with	a	dark	center	and	diffused	
edges.	Colonies	may	appear	blue/green	to	variable	upon	prolonged	
incubation. See Table 2014.05D for yeast and mold appearance.

(11) The circular growth area is approximately 30 cm2. Plates 
containing greater than 150 colonies can be either estimated 
or	 recorded	 as	 TNTC	 (too	 numerous	 to	 count).	 Estimation	 can	
only be done by counting the number of colonies in one or more 
representative squares and determining the average number per 
square. The average number can be multiplied by 30 to determine 
the estimated count per plate. If a more accurate count is required, 
the sample will need to be retested at higher dilutions. When the 
sample contains substantial amounts of mold, depending on the 
type of mold, the upper countable limit may be at user discretion.

(12) Food samples may occasionally show interference on the 
3M	Petrifilm	RYM	Count	Plates,	for	example:

(a) Uniform blue background color (often seen from the 
organisms used in cultured products). These should not be counted 
as	TNTC.

(b) Intense pinpoint blue specks (often seen with spices or 
granulated products).

(c)	 Report	final	results	as	colony-forming	units/gram	(CFU/g).
(13) If required, colonies may be isolated for further 

identification	 by	 direct	microscopy	 or	 biochemical	 analysis.	 Lift	
the	top	film	and	pick	the	colony	from	the	gel.
Reference:	 J. AOAC Int. 98, 767(2015) 

DOI:	10.5740/jaoacint.15-006

Posted: June 20, 2015

Table 2014.05D. Appearance of yeast and mold on 3M 
Petrifilm RYM Plates

Yeast Mold

Small colonies Large colonies

Colonies have defined edges Colonies have diffused edges

Pink/tan to blue/green in color Blue/green to variable 
upon prolonged incubation

Colonies appear raised 
 (3-dimensional)

Colonies appear flat

Colonies have a uniform color Colonies have a dark center 
with diffused edges

http://dx.doi.org/10.5740/jaoacint.15-006
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FOOD BIOLOGICAL CONTAMINANTS

The 3M™ Petrifilm™ Rapid Yeast and Mold (RYM) 
Count Plate is a simple, ready-to-use chromogenic 
culture method for the rapid detection and 
enumeration of yeast and mold in food products. 
The 3M Petrifilm RYM Count Plate method was 
compared to the U.S. Food and Drug Administration 
Bacteriological Analytical Manual (FDA BAM) Chapter 
18, Yeasts, Molds and Mycotoxins and the ISO 
21527:2008 Microbiology of Food and Animal Feeding 
Stuffs—Horizontal Method for the Enumeration for 
Yeast and Molds – Part 1: Colony Count Technique 
in Products with Water Activity Greater Than 0.95 
and Part 2: Colony Count Technique in Products with 
Water Activity Less Than or Equal to 0.95 reference 
methods for raw almonds and raw frozen ground beef 
patties (77% lean). The 3M Petrifilm RYM Count Plate 
method was evaluated using a paired study design 
in a multi-laboratory collaborative study following 
the current AOAC Validation Guidelines. Three target 
contamination levels (low, 10–100 CFU/g; medium, 
100–1000 CFU/g; high 1000–10 000 CFU/g) as well 
as an uninoculated control level (0 CFU/g) were 
evaluated for each matrix. Samples evaluated by the 
3M Petrifilm RYM Count Plate method were prepared 
in duplicate and incubated at both 25°C and 28°C. 
Plates at both temperatures were enumerated after 48 
and 60 h of incubation. No significant difference was 
observed between the 3M Petrifilm RYM Count Plate 
method and the FDA BAM or ISO 21527 reference 
methods for each contamination level. No statistical 
differences were observed between samples analyzed 
by the 3M Petrifilm RYM Count Plate method (at 
either 25°C or 28°C) and the reference methods. No 

statistical significant differences were observed 
between enumeration of colonies at 48 and 60 h on 
the 3M Petrifilm RYM Count Plate method and the 
reference methods.

Foodborne yeasts and mold constitute a large and diverse 
group of microorganisms. Due to their heterotrophic 
nature, these microorganisms are able to adapt and survive 

in a wide range of environmental conditions including acidic 
and alkaline conditions, temperatures ranging from 5°C to 35°C 
and in low moisture (<0.85Aw) products (1, 2). Many of these 
species cause varying degrees of food decomposition leading 
to substantial economic loses (2). Several foodborne molds, 
and possibly some yeasts, may also be hazardous to human 
health due to their ability to produce toxic metabolites (1). 
The presence of these microorganisms in food commodities 
can indicate contamination of the product, inadequately 
cleaned food processing equipment, or inadequate food storage 
facilities (2). Cultural enumeration of yeasts and molds can take 
5 to 7 days and the need for rapid enumeration is critical to 
the food industry. The 3MTM PetrifilmTM Rapid Yeast and Mold 
Count (RYM) Plate uses a cold-water-soluble gelling agent and 
an indicator system to facilitate the enumeration of yeast and 
molds after 48 h of incubation. 

The 3M Petrifilm RYM Count Plate allows for the simple and 
rapid enumeration of yeasts and molds in the food and beverage 
industries. Samples are diluted in 0.1% peptone water and 
a sample aliquot is plated onto the 3M Petrifilm RYM Count 
Plate. The sample aliquot is dispersed throughout the growth 
area and the plates can be incubated at 25–28°C. Enumeration 
of colonies occurs in as little as 48 h of incubation. If colonies 
appear faint, the plates can be incubated up to an additional 12 h 
for enhanced interpretation. The 3M Petrifilm RYM Count Plate 
provides gridlines to assist with the enumeration.

Prior to the collaborative study, the 3M Petrifilm RYM Count 
Plate method was validated according to AOAC Validation 
Guidelines (3) in a harmonized AOAC Performance Tested 
MethodSM (PTM) study. The objective of the PTM study was to 
demonstrate that the 3M Petrifilm RYM Count Plate accurately 
detected and enumerated yeasts and molds in selected foods 
as claimed by the manufacturer and that no difference in 
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repeatability was observed between the 3M Petrifilm RYM Count 
Plate method and the reference methods. For the 3M Petrifilm 
RYM Count Plate method PTM evaluation, 10 matrixes were 
evaluated: yogurt (1.5% fat), sour cream, raw almonds, sliced 
apples, frozen bread dough, ready-made cherry pie, ready-to-
eat deli sandwiches, dehydrated chicken noodle soup, fermented 
salami, and raw frozen ground beef patties (77% lean).

All other PTM parameters (inclusivity, exclusivity, 
ruggedness, stability, and lot-to-lot variability) tested in the 
PTM studies satisfied the performance requirements for PTM 
approval. The method was awarded PTM certification No. 
121301 on December 18, 2013. 

The purpose of this collaborative study was to compare 
the 3M Petrifilm RYM Count Plate method to a harmonized 
version of the U.S. Food and Drug Administration (FDA) 
Bacterial Analytical Manual (BAM) Chapter 18, Yeasts, Molds 
and Mycotoxins (1) and the ISO 21527:2008 Microbiology 
of Food and Animal Feeding Stuffs – Horizontal Method for 
the Enumeration for Yeast and Molds – Part 1: Colony Count 
Technique in Products with Water Activity Greater Than 0.95 
(4) and Part 2: Colony Count Technique in Products with Water 
Activity Less Than or Equal to 0.95 (5) methods using 0.1% 
peptone water as the diluent for raw almonds and raw frozen 
ground beef patties (77% lean). 

Collaborative Study

Study Design

In this collaborative study, two matrixes, raw frozen ground beef 
patties (77% lean) and raw almonds, were evaluated. The matrixes 
were obtained from local retailers and screened for the presence 
of yeast and molds by the BAM and ISO reference methods. The 
raw frozen ground beef patties were artificially contaminated 
with a yeast, Trichosporon mucoides American Type Culture 
Collection (ATCC, Manassas, VA) 201382, and the almonds with 
a mold, Aspergillus aculeatus ATCC 56925. Four separate levels 
of contamination, including an uninoculated control level and 
three levels of artificial contamination, were evaluated for each 
matrix. The target for the three levels of artificial contamination 
was as follows: low, 10–100 CFU/g; medium, 100–1000 CFU/g; 
high 1000–10 000 CFU/g. Two replicate samples from each of 
the four levels were analyzed by both the candidate and reference 
methods. One set of paired samples (eight total) per matrix was 
sent to each laboratory for analysis by the 3M Petrifilm RYM 
Count Plate method and the BAM and ISO reference methods. 
For both matrixes, collaborators were sent an additional 60 g 
test portion and instructed to conduct a total aerobic plate count 
(APC) using 3MTM PetrifilmTM Aerobic Count Plate (AOAC 
Official Method 990.12; 6) on the day samples were received as a 
quality measure to verify appropriate shipping conditions. 

A detailed collaborative study packet outlining all necessary 
information related to the study including media preparation, 
test portion preparation and documentation of results was sent 
to each collaborating laboratory prior to the initiation of the 
study. A conference call prior to the initiation of the study was 

conducted to discuss the collaborative study packet and answer 
any questions from the participating laboratories. 

Preparation of Inocula and Test Portions

The Trichosporon mucoides used in this evaluation was 
propagated in 10 mL of Brain Heart Infusion (BHI) broth 
from a frozen stock culture stored at –70°C at Q Laboratories, 
Inc. (Cincinnati, OH) The broth was incubated for 48 ± 2 h at 
30 ± 1°C. Appropriate dilutions of the cultures were prepared 
in Butterfields Phosphate Buffer (PBW) based on previously 
established growth curves to obtain low, medium and high 
contamination levels. For the raw frozen ground beef patties, a 
bulk lot of the matrix was thawed, inoculated with the diluted 
liquid inoculum and mixed thoroughly by hand kneading to 
ensure an even distribution of microorganisms. The inoculated 
raw frozen ground beef patties samples were separated into 30 g 
test portions and held at –20 ± 2°C for 2 weeks when testing was 
initiated. 

The Aspergillus aculeatus used in this evaluation was 
propagated on Potato Dextrose Agar (PDA) in a culture tissue 
flask from a frozen stock spore suspension stored at –70°C at 
Q Laboratories, Inc. The culture tissue flask was incubated for 
7 days at 25 ± 1°C. The mold spore suspension was prepared by 
rinsing the culture tissue flask twice with 20 mL of 0.9% saline 
containing 0.05% Tween 20. Each suspension was centrifuged at 
4000 × g for 10 ± 0.5 min to pellet the spores and the supernatant 
was decanted. The two separate spore pellets were resuspended 
with 2.5 mL of PBW and combined. The spore suspension was 
combined with a cryoprotectant, reconstituted non-fat dry milk 
(NFDM), homogenized by vortex to mix and placed onto a 
freeze dry system for 72 ± 4 h to lyophilize the culture. After the 
lyophilization process, appropriate dilutions of the culture were 
prepared in sterile NFDM powder to produce the low, medium 
and high contamination levels. A bulk lot of whole raw almonds 
were inoculated with the lyophilized inoculum and mixed 
thoroughly by hand mixing to ensure an even distribution of 
microorganisms. The inoculated almonds were separated into 
30 g test portions and held at ambient temperature (24 ± 2°C) 
so that the organism had equilibrated for 2 weeks when testing 
was initiated. 

The shipment conditions and hold times of the inoculated 
test materials were verified as a quality control measure prior 
to study initiation.

Test Portion Distribution

All samples were labeled with a randomized, blind-coded 
3 digit number affixed to the sample container. Test portions 
were shipped on a Thursday via overnight delivery according to 
the Category B Dangerous Goods shipment regulations set forth 
by International Air Transport Association. Frozen raw ground 
beef patties samples were packed with cold packs to ensure 
the samples remained frozen (–20 ± 2°C) during shipment. 
Upon receipt, raw frozen ground beef patties samples were 
held at –20 ± 2°C until the following Monday when analysis 
was initiated. Raw almond samples were packed and shipped 
at ambient temperature. Upon receipt, samples were held at 
room temperature (24 ± 2°C) until the following Monday when 
analysis was initiated. In addition to each of the test portions 
and the total plate count replicate, collaborators also received 
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a test portion for each matrix labeled as “temperature control”. 
Participants were instructed to record the temperature of this 
portion upon receipt of the shipment, document results on the 
Sample Receipt Confirmation form provided and fax to the 
study director. 

Test Portion Analysis

Collaborators followed the appropriate preparation and 
analysis protocol according to the method specified for 
each matrix. For both matrixes, each collaborator received 
eight test portions (two high, two medium, two low, and two 
uninoculated replicates). For the analysis of the each matrix 
by the 3M Petrifilm RYM Count Plate method, a 25 g test 
portion was diluted with 225 mL of 0.1% peptone water and 
homogenized for 2 min. Ten-fold serial dilutions of each sample 
were prepared and a 1.0 mL aliquot of each dilution was plated 
onto four separate 3M Petrifilm RYM Count Plates. For each 
dilution, two of the plates were incubated at 25 ± 1°C and two of 
the plates were incubated at 28 ± 1°C. Plates were removed from 
incubation after 48 ± 2 h and typical yeast and mold colonies in 
the countable range (plates that contain up to 150 colonies) were 
enumerated using a standard colony counter. Plates containing 
greater than 150 colonies were either estimated or recorded as 
too numerous to count (TNTC). All plates were re-incubated at 
the appropriate temperatures for an additional 10–14 h (to reach 
a total incubation time of 60 h) and colonies were enumerated a 
second time in the same manner as the 48 h time point. 

Both matrixes analyzed by the 3M Petrifilm RYM Count 
Plate method were also analyzed using the BAM and ISO 
reference methods in a paired study design. Serial dilutions for 
each sample were spread plated in triplicate onto Dichloran-rose 
Bengal Chloramphenicol (DRBC) agar (raw frozen ground beef 
patties) or Dichloran 18% Glycerol (DG18) agar (raw almonds). 
Agar plates were incubated for 5 days at 25 ± 1°C and typical 
colonies in the countable range (10–150) were enumerated 
using a standard colony counter. Plates containing no colonies 
were re-incubated for 2 days and observed for typical growth. 

Statistical Analysis

Each collaborating laboratory recorded the CFU/g results 
for the reference methods and the 3M Petrifilm RYM Count 
Plate method on the electronic spreadsheet provided in the 
collaborator study outline. The data sheets were submitted 
to the study director at the end of each week of testing for 
analysis. The data from each duplicate plates (3M Petrifilm 
RYM Count Plate) or triplicate plates (BAM and ISO) were 
averaged. The averaged counts were converted into logarithms 
for data analysis. Outliers were identified using the Cochran 
and Grubbs’ tests. A paired t-test was conducted to determine 
if the mean of replicate samples at each contamination level for 
each matrix was different between the 3M Petrifilm RYM Count 
Plate method and the reference methods. (3). A P-value greater 
than the standard alpha value of 0.05 indicated no statistical 
difference between the two methods. The repeatability (sr), 
reproducibility (sR), RSDr, and RSDR of the 3M Petrifilm RYM 
Count Plate method and reference methods were determined 
by the mean of the logarithm transformations of the counts for 
each contamination level of each matrix (7). A lower standard 
deviation value indicated a greater propensity for repeatability 

of a method. In addition, the difference of means and reverse 
transformed difference of means for each contamination level 
was determined (3).

AOAC Official Method 2014.05 
Enumeration of Yeast and Mold in Food

3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 
First Action 2014

[Applicable to the enumeration of yeast and mold in the 
following high-water activity matrices: yogurt, frozen bread 
dough, fermented salami, sour cream, ready-made pie, raw 
frozen ground beef patties (77% lean), ready-to-eat deli 
sandwiches, sliced apples, and the following low-water activity 
matrixes: raw almonds and dehydrated soup.]

See Tables 2014.05A and 2014.05B for a summary of results 
of the collaborative study. The result for each collaborating 
laboratory’s aerobic plate count analysis for each matrix is 
shown in Table 2014.05C.

See Tables 2–9 for detailed results of the collaborative study.

A. Principle

The 3M Petrifilm Rapid Yeast and Mold Count (RYM) Plate 
is a sample-ready culture medium system, which contains 
nutrients supplemented with antibiotics, a cold-water-soluble 
gelling agent, and an indicator system that facilitates yeast and 
mold enumeration. 3M Petrifilm RYM Count Plates are used 
for the enumeration of yeast and mold in as little as 48 h in the 
food and beverage industries. 3M Food Safety is certified to 
ISO (International Organization for Standardization) 9001 for 
design and manufacturing.

B. Apparatus and Reagents

(a) 3M Petrifilm RYM Count Plate.—25 plates/pouch; two 
pouches/box (3M Food Safety, St. Paul, MN).

(b) Sterile diluents.—0.1% peptone water.
(c) Pipets.—Capable of 1000 µL or a serological pipet.
(d) Sterile pipet tips.—Capable of 1000 µL.
(e) Stomacher.—Seward or equivalent.
(f) Filter stomacher bags.—Seward or equivalent.
(g) 3M Petrifilm Flat Spreader.
(h) Incubators.—Capable of maintaining 25 ± 1°C and 28 ± 

1°C and having a solid front to maintain a dark interior.
(i) Refrigerator.—Capable of maintaining 2–8°C, for storing 

the 3M Petrifilm RYM Plates.
(j) L-shaped spreaders.
(k) Standard colony counter or illuminated magnifier.

C. General Instructions

(a) Store unopened 3M Petrifilm RYM Plate pouches 
refrigerated or frozen (–20 to 8°C/–4 to 46°F). Just prior to use, 
allow unopened pouches to come to room temperature before 
opening (20–25°C/<60% RH). Return unused 3M Petrifilm 
RYM Plates to the pouch. Seal by folding the end of the 
pouch over and applying adhesive tape. To prevent exposure 
to moisture, do not refrigerate opened pouches. Store resealed 
pouches in a cool dry place (20–25°C/<60% RH) for no longer 
than 4 weeks. It is recommended that resealed pouches of 3M 
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Petrifilm RYM Plates be stored in a freezer if the laboratory 
temperature exceeds 25ºC (77ºF) and/or the laboratory is 
located in a region where the relative humidity exceeds 60% 
(with the exception of air-conditioned premises).

To store opened pouches in a freezer, place 3M Petrifilm 
RYM Plates in a sealable container. 

Post-incubation 3M Petrifilm RYM Plates can be stored at 
–10 to –20°C for up to 7 days.

(b) Follow all instructions carefully. Failure to do so may 
lead to inaccurate results.

D. Safety Precautions

After use, the diluents and 3M Petrifilm RYM Count Plates 
may contain microorganisms that may be a potential biohazard 
as several foodborne molds have the ability to produce toxic 
metabolites known as mycotoxins. If further identification of 
a mold species is required, appropriate personal protective 
equipment (PPE) should be used when top film is retracted and 
exposure to spores or mycotoxins may occur. When testing is 
complete, follow current industry standards for the disposal of 
contaminated waste. Consult the Material Safety Data Sheet 
for additional information and local regulations for disposal. 

For information on potential biohazards, reference Biosafety in 
Microbiological and Biomedical Laboratories, 5th Ed., Section 
VIII-B: Fungal Agents.

The 3M Petrifilm RYM Count plates contain chloramphenicol 
and chlortetracycline, potent broad spectrum antibiotic drugs 
commonly used in yeast and mold enumeration. The drug, 
when used in humans, is associated with many toxic effects. 
Care should be taken to avoid coming into direct contact with 
the gel on the plates.

E. Sample Preparation

(1) Aseptically prepare a 1:10 dilution of each test portion.
Dairy products.—Pipet 11 mL or weigh 11 g of sample 

into 99 mL sterile 0.1% peptone water. Shake 25 times to 
homogenize.

All other foods.—Weigh out 25 g of sample from test portion 
into a sterile stomacher bag and dilute with 225 mL of 0.1% 
peptone water; stomach at high speed to homogenize.

(2) Prepare 10-fold serial dilutions in 0.1% peptone water.
(3) Place a 3M Petrifilm RYM Count Plate on a flat, level 

surface for each dilution to be tested.

Table 2014.05A. Interlaboratory study results of 3M Petrifilm RYM versus FDA-BAM and ISO 21527 methods for frozen raw 
ground beef patties

3M Petrifilm RYM method FDA-BAM/ISO 21527 methodsa

Matrix Lot Nb Meanc sr sR  N Mean sr sR P-valued
Difference  
of means

Reverse  
transformed  

mean  
differencee

Frozen raw  
ground beef patties

  25°C, 48 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.12 0.41 0.41 11(1) 2.07 0.36 0.38 0.5323 0.05 14.34

Medium 11(0) 3.52 0.10 0.10 11(0) 3.47 0.09 0.11 0.1637 0.05 360.10

High 11(0) 4.65 0.13 0.14 11(0) 4.59 0.10 0.14 0.2266 0.06 5763.84

  25°C, 60 h) Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.14 0.36f 0.37 11(1) 2.07 0.36 0.38 0.3773 0.07 20.55

Medium 11(0) 3.52 0.10 0.10 11(0) 3.47 0.09 0.11 0.1573 0.05 360.10

High 11(0) 4.65 0.14 0.15 11(0) 4.59 0.10 0.14 0.1750 0.06 5763.84

  28°C, 48 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.17 0.29f 0.30 11(1) 2.07 0.36 0.38 0.1391 0.10 30.42

Medium 11(0) 3.53 0.10 0.10 11(0) 3.47 0.09 0.11 0.0824 0.06 437.23

High 11(0) 4.67 0.08f 0.11 11(0) 4.59 0.10 0.14 0.0966 0.08 7869.00

  28°C, 60 h Control 11(0) <1.00 — — 11(0) <1.00 — — — — —

Low 11(0) 2.16 0.29f 0.29 11(1) 2.07 0.36 0.38 0.1843 0.09 27.05

Medium 11(0) 3.53 0.09 0.10 11(0) 3.47 0.09 0.11 0.1095 0.06 437.23

 High 11(0) 4.67 0.08f 0.11  11(0) 4.59 0.10 0.14 0.1088 0.08 7869.00
a  Samples were analyzed by harmonized FDA-BAM Chapter 18 and ISO 21527 methods using 0.1% peptone as the sample diluent.
b  N = Number of laboratories that reported complete results. Outliers are in parentheses.
c  Log10 yeast and mold CFU/g.
d  Significant difference (P <0.05).
e  Results presented as CFU/g.
f  Results indicate that the candidate method is more repeatable than the reference methods. sr = Repeatability standard deviation; sR = reproducibility 

standard deviation.
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(4) Lift the top of the film. Dispense 1 mL of each dilution 
onto the center of the bottom film of each plate.

(5) Roll the film down onto the sample.
(6) Place the 3M Petrifilm Flat Spreader (Cat. No. 6425) on 

the center of the plate. Press gently on the center of the spreader 
to distribute the sample evenly. Spread the inoculum over the 
entire 3M Petrifilm RYM Count Plate growth area before the gel 
is formed. Do not slide the spreader across the film.

(7) Remove the spreader and leave the plate undisturbed for 
at least 1 min to permit the gel to form.

(8) Incubate the 3M Petrifilm RYM Count Plates at 25 or 
28°C in a horizontal position with the clear side up in stacks 
of no more than 40. Enumerate plates after 48 h of incubation. 
If colonies appear faint, allow up to an additional 12 h of 
incubation time for enhanced interpretation. 3M Petrifilm RYM 
Count Plates can be counted using a standard colony counter 
with the use of a back light or an illuminated magnifier to assist 
with the estimated enumeration.

(9) Yeast colonies appear raised and small with defined 
edges. Colonies may appear pink/tan to blue/green in color.

(10) Mold colonies appear flat with a dark center and 
diffused edges. Colonies may appear blue/green to variable 

Table 2014.05B. Interlaboratory study results of 3M Petrifilm RYM versus FDA-BAM and ISO 21527 methods for raw 
almonds

3M Petrifilm RYM method FDA-BAM/ISO 21527 methodsa

Matrix Lot Nb Meanc sr sR  N Mean sr sR P-valued
Difference  
of means

Reverse 
transformed 

mean 
differencee

Raw almonds

  25°C, 48 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.45 0.17f 0.26 14(0) 1.55 0.19 0.34 0.4165 0.10 –7.30

Medium 14(1) 2.12 0.26 0.39 14(0) 2.21 0.20 0.24 0.3322 0.09 –30.36

High 14(2) 3.00 0.18 0.49 14(1) 3.08 0.12 0.31 0.2833 0.08 –202.26

  25°C, 60 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.53 0.23 0.28 14(0) 1.55 0.19 0.34 0.8391 0.02 –1.60

Medium 14(0) 2.20 0.21 0.27 14(0) 2.21 0.20 0.24 0.7789 0.01 –3.69

High 14(2) 3.04 0.18 0.41 14(1) 3.08 0.12 0.31 0.5418 0.04 –105.79

  28°C, 48 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.58 0.16f 0.21 14(0) 1.55 0.19 0.34 0.7381 0.03 2.54

Medium 14(0) 2.17 0.17f 0.29 14(0) 2.21 0.20 0.24 0.6139 0.04 –11.73

High 14(2) 3.01 0.17 0.45 14(1) 3.08 0.12 0.31 0.3904 0.07 –178.97

  28°C, 60 h Control 12(0) <1.00 — — 12(0) <1.00 — — — — —

Low 14(0) 1.60 0.17f 0.20 14(0) 1.55 0.19 0.34 0.5474 0.05 4.33

Medium 14(0) 2.21 0.17f 0.23 14(0) 2.21 0.20 0.24 0.9483 0.00 0.00

 High 14(2) 3.03 0.18 0.42  14(1) 3.08 0.12 0.31 0.4687 0.05 –130.75

a  Samples were analyzed by harmonized FDA-BAM Chapter 18 and ISO 21527 methods using 0.1% peptone as the sample diluent.
b  N = Number of laboratories that reported complete results. Outliers are in parentheses.
c  Log10 yeast and mold CFU/g.
d  Significant difference (P <0.05).
e  Results presented as CFU/g.
f  Results indicate that the candidate method is more repeatable than the reference methods. sr = Repeatability standard deviation; sR = reproducibility 

standard deviation.

Table 2014.05C. Results of aerobic plate count for 
collaborating laboratories

Lab Frozen raw ground beef, CFU/g Raw almonds, CFU/g

1 3.8 × 102 6.0 × 101

2 1.1 × 103 6.0 × 102

3 <10 3.0 × 101

4 Not reported Not reported

5 2.8 × 103 2.8 × 101

6 8.0 × 101 2.2 × 101

7 9.1 × 102 1.6 × 102

8 Not reported Not reported

9 9.0 × 102 2.0 × 102

10 1.3 x 103 4.0 × 102

11 >2500 1.0 × 101

12 Not reported 7.0 × 101

13 9.5 × 101 1.0 × 101

14 7.3 × 102 2.3 × 102

15 3.7 × 102 8.0 × 101
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upon prolonged incubation. See Table 2014.05D for yeast and 
mold appearance.

(11) The circular growth area is approximately 30 cm2. Plates 
containing greater than 150 colonies can be either estimated 
or recorded as TNTC (too numerous to count). Estimation 
can only be done by counting the number of colonies in one 
or more representative squares and determining the average 
number per square. The average number can be multiplied by 
30 to determine the estimated count per plate. If a more accurate 
count is required, the sample will need to be retested at higher 
dilutions. When the sample contains substantial amounts of 
mold, depending on the type of mold, the upper countable limit 
may be at user discretion.

(12) Food samples may occasionally show interference on 
the 3M Petrifilm RYM Count Plates, for example:

(a) Uniform blue background color (often seen from the 
organisms used in cultured products). These should not be 
counted as TNTC.

(b) Intense pinpoint blue specks (often seen with spices or 
granulated products).

(c) Report final results as colony-forming units/gram 
(CFU/g).

(13) If required, colonies may be isolated for further 
identification by direct microscopy or biochemical analysis. Lift 
the top film and pick the colony from the gel.

Results of the Collaborative Study

In this collaborative study, the 3M Petrifilm RYM Count 
Plate method was compared to two reference methods for 
enumerating total yeast and mold: FDA BAM Chapter 18 
and ISO 21527 Part 1 or Part 2. A total of 15 laboratories 
throughout the United States participated, with 11 laboratories 
submitting valid data for the frozen raw ground beef patties and 
14 laboratories submitting valid data for the raw almonds as 
presented in Table 1. For the frozen raw ground beef patties, 
laboratories 4 (failed to enumerate 3M Petrifilm RYM Count 
Plates at 60 h), 6 and 8 (plated the reference method samples in 
duplicate and not the required triplicate plating) and 12 [plated 
the 3M Petrifilm RYM Count Plates and reference method 
plates on two different days (enrichments were held at 2–8°C 
overnight and the 3M Petrifilm RYM Plates were plated 24 h 
after the reference method plates)] reported deviations from the 
protocol and were therefore excluded from statistical analysis. 
For the raw almonds, laboratory 4 reported a deviation from the 
protocol (failure to enumerate 3M Petrifilm RYM Count Plates 
at 60 h) and was therefore excluded from the statistical analysis. 

The 3M Petrifilm RYM Count Plate results along with FDA 
BAM and ISO results reported by each laboratory were converted 
to logarithmic values for statistical analysis and were plotted 
using a Youden’s plot (see Figures 1–4). The log10 individual lab 
results are presented in Tables 2–9. Using the Youden’s plots, an 
initial review of the data to determine outliers was conducted 
by observing the mean replicate results for each laboratory at 
each contamination level for each matrix. The transformed 
data was than statistically analyzed for outliers by the Cochran 
and Grubb’s tests. No evidence of physical cause or suspicion 
of cause was noted, so all outliers identified were included in 
the statistical analysis. A paired t-test, the difference of means, 
and the reverse transformed mean difference were calculated 
on each contamination level for each matrix to determine if a 
statistically significant difference existed between the methods. 
Repeatability (sr), sR, RSDr, and RSDR were determined for 
each contamination level for both the 3M Petrifilm RYM Count 
Plate and FDA BAM/ISO 21527 methods. The results of the 
interlaboratory data analyses are presented in Tables 2014.05A 
and 2014.05B. The result for each collaborating laboratory’s 
aerobic plate count analysis for each matrix is presented in 
Table 2014.05C.

Frozen Raw Ground Beef Patties (77% Lean)

Frozen raw ground beef patties test portions were inoculated 
at a low, medium and high contamination level and were 
analyzed (Tables 2–5) for the enumeration of yeast and mold. 
Uninoculated controls were included in each analysis. Fifteen 
laboratories participated in the analysis of this matrix.

3M RYM Count Plate incubated at 25°C and enumerated 
at 48 h.—The mean log10 counts of the 3M Petrifilm RYM 
Count Plate and FDA BAM/ISO 21527 results were compared 

Table 2014.05D. Appearance of yeast and mold on 3M 
Petrifilm RYM Plates

Yeast Mold

Small colonies Large colonies

Colonies have defined edges Colonies have diffused edges

Pink/tan to blue/green in color Blue/green to variable upon pro-
longed incubation

Colonies appear raised  
(3-dimensional) 

Colonies appear flat

Colonies have a uniform color Colonies have a dark center with 
diffused edges

Table 1. Participation of each collaborating laboratorya

Laboratory Raw ground beef Almonds

1 Y Y

2 Y Y
3 Y Y
4 Yb Yb

5 Y Y
6 Yb Y

7 Y Y
8 Yb Y

9 Y Y
10 Y Y

11 Y Y

12 Yb Y

13 Y Y

14 Y Y

15 Y Y
a  Y= Collaborator analyzed the food type; N= collaborator did not ana-

lyze the food type.
b  Results were not used in statistical analysis due to deviation of testing 

protocol or laboratory error.



Bird et al.: Journal of aoaC international Vol. 98, no. 3, 2015 773

statistically. One laboratory in the FDA BAM/ISO 21527 low 
contamination level was identified as an outlier as defined by the 
Cochran’s tests for outliers. However, no evidence of physical 
cause or suspicion of cause was noted and it was determined 
that they would be included in the statistical analysis. 

There were no statistically significant differences at the 5% 
level in log transformed means between the 3M Petrifilm RYM 
Count Plate method and FDA BAM/ISO 21257 methods, at any 
of the three contamination levels. 

3M RYM Count Plate incubated at 25°C and enumerated 
at 60 h.—The mean log10 counts of the 3M Petrifilm RYM 
Count Plate and FDA BAM/ISO 21527 results were compared 
statistically. One laboratory in the FDA BAM/ISO 21527 low 
contamination level was identified as an outlier as defined by the 
Cochran’s tests for outliers. However, no evidence of physical 
cause or suspicion of cause was noted and it was determined 
that they would be included in the statistical analysis. 

There were no statistically significant differences at the 5% 
level in log transformed means between the 3M Petrifilm RYM 
Count Plate method and FDA BAM/ISO 21257 methods, at any 
of the three contamination levels. 

3M RYM Count Plate incubated at 28°C and enumerated 
at 48 h.—The mean log10 counts of the 3M Petrifilm RYM 
Count Plate and FDA BAM/ISO 21527 results were compared 
statistically. One laboratory in the FDA BAM/ISO 21527 low 
contamination level was identified as an outlier as defined by the 
Cochran’s tests for outliers. However, no evidence of physical 
cause or suspicion of cause was noted and it was determined 
that they would be included in the statistical analysis. 

There were no statistically significant differences at the 5% 
level in log transformed means between the 3M Petrifilm RYM 
Count Plate method and FDA BAM/ISO 21257 methods, at any 
of the three contamination levels. 

3M RYM Count Plate incubated at 28°C and enumerated 
at 60 h.—The mean log10 counts of the 3M Petrifilm RYM 
Count Plate and FDA BAM/ISO 21527 results were compared 
statistically. One laboratory in the FDA BAM/ISO 21527 low 
contamination level was identified as an outlier as defined by the 
Cochran’s tests for outliers. However, no evidence of physical 
cause or suspicion of cause was noted and it was determined 
that they would be included in the statistical analysis. 

There were no statistically significant differences 
determined between the 3M Petrifilm RYM Count Plate and 
FDA BAM/ISO 21527 methods at the 95% level or between the 
differences of means at all three contamination levels. 

Raw Almonds

Raw almond test portions were inoculated at a low, medium 
and high contamination level and were analyzed (Tables 6–9) 
for the enumeration of yeast and mold. Uninoculated controls 
were included in each analysis. Fifteen laboratories participated 
in the analysis of this matrix. 

3M RYM Count Plate incubated at 25°C and enumerated 
at 48 h.—The mean log10 counts of the 3M Petrifilm RYM 
Count Plate and FDA BAM/ISO 21527 results were compared 
statistically. One laboratory was identified in the 3M Petrifilm 
RYM Count Plate medium contamination results as an outlier 
by the Cochran’s test for outliers, one laboratory was identified 
in the FDA BAM/ISO 21527 high contamination level as an 
outlier by the Single Grubbs’ test, and two laboratories in the 

3M Petrifilm RYM Count Plate high contamination level were 
identified as an outlier by the double Grubbs’ test for outliers. 
However, no evidence of physical cause or suspicion of cause 
was noted and it was determined that they would be included in 
the statistical analysis. 

There were no statistically significant differences at the 5% 
level in log transformed means between the 3M Petrifilm RYM 
Count Plate method and FDA BAM/ISO 21257 methods, at any 
of the three contamination levels. 

3M RYM Count Plate incubated at 25°C and enumerated at 
60 h.—The mean log10 counts of the 3M Petrifilm RYM Count Plate 
and FDA BAM/ISO 21527 results were compared statistically. 
One laboratory was identified in the FDA BAM/ISO 21527 
high contamination level as an outlier by the Single Grubbs’ test 
and two laboratories in the 3M Petrifilm RYM Count Plate high 
contamination level were identified as an outlier by the double 
Grubbs’ test for outliers. However, no evidence of physical cause or 
suspicion of cause was noted and it was determined that they would 
be included in the statistical analysis. 

There were no statistically significant differences determined 
between the 3M Petrifilm RYM Count Plate method and 
FDA BAM/ISO 21527 methods at the 95% level or between the 
differences of means at all three contamination levels.

3M RYM Count Plate incubated at 28°C and enumerated 
at 48 h.—The mean log10 counts of the 3M Petrifilm 
RYM Count Plate and FDA BAM/ISO 21527 results were 
compared statistically. One laboratory was identified in the 
FDA BAM/ISO 21527 high contamination level as an outlier by 
the Single Grubbs’ test and two laboratories in the 3M Petrifilm 
RYM Count Plate high contamination level were identified as 
an outlier by the double Grubbs’ test for outliers. However, no 
evidence of physical cause or suspicion of cause was noted and 
it was determined that they would be included in the statistical 
analysis. 

There were no statistically significant differences at the 5% 
level in log transformed means between the 3M Petrifilm RYM 
Count Plate and FDA BAM/ISO 21257 methods, at any of the 
three contamination levels.

3M RYM Count Plate incubated at 28°C and enumerated 
at 60 h.—The mean log10 counts of the 3M Petrifilm 
RYM Count Plate and FDA BAM/ISO 21527 results were 
compared statistically. One laboratory was identified in the 
FDA BAM/ISO 21527 high contamination level as an outlier by 
the Single Grubbs’ test and two laboratories in the 3M Petrifilm 
RYM Count Plate high contamination level were identified as 
an outlier by the double Grubbs’ test for outliers. However, no 
evidence of physical cause or suspicion of cause was noted and 
it was determined that they would be included in the statistical 
analysis.

There were no statistically significant differences at the 5% 
level in log transformed means between the 3M Petrifilm RYM 
Count Plate method and FDA BAM/ISO 21257 methods, at any 
of the three contamination levels. 

Discussion

No negative feedback was reported to the study directors from 
the collaborating laboratories in regards to the performance 
of the 3M Petrifilm RYM Count Plate. A few laboratories 
indicated difficulty in spreading the test portion liquid aliquot 
over the entire surface of the plate before the sample began to 
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solidify in the 3M Petrifilm RYM Count Plate medium. Several 
laboratories also indicated that the colonies were very easy to 
interpret due to their size and color. One laboratory indicated 
that the “Space saving benefits of Petrifilm over the traditional 
FDA BAM method are readily apparent.”

During the analysis of samples, several laboratories indicated 
deviating from the approved protocol and therefore, their 
data was subsequently removed from statistical analysis. No 
laboratories were removed from statistical analysis as a result 
of their data. For the raw ground beef, four laboratories were 
removed from statistical analysis. Laboratory 12 was unable to 
enumerate samples by both the 3M Petrifilm RYM Count Plate 
method and reference methods on the same day. All samples 
were plated onto DRBC, then stored at 2–8°C overnight and 
plated onto the Petrifilm RYM plates the following day. 
Laboratories 6 and 8 prepared the reference method samples 
using duplicate plating and not the required triplicate plating. 
Laboratory 4 (for both raw ground beef and raw almonds) failed 
to enumerate the 3M Petrifilm RYM Count Plates at the 60 h 
time point. Due to these deviations, these laboratories were 
removed from statistical analysis. 

There were no statistically significant differences at the 
5% level in log transformed means between the 3M Petrifilm 
RYM Count Plate method and FDA BAM/ISO 21257 methods 
for either matrix evaluated in this study, at any of the three 
contamination levels. No statistically significant differences 
were observed between the 3M Petrifilm RYM Count Plate 
results when enumerated at 48 h versus 60 h and compared to 
the FDA BAM/ISO 21527 methods. No statistically significant 
differences were also observed between 3M Petrifilm RYM 
Count Plates that were incubated at 25°C and 28°C when 
compared to the FDA BAM/ISO 21527 methods. Based on 
the data presented, the sr values obtained at all incubation 
conditions and for all three contamination levels were generally 
similar between the two methods.

For raw frozen ground beef patties and raw almonds, the 3M 
Petrifilm RYM Count Plate method was more repeatable than 
the FDA BAM/ISO 21527 reference methods for one of the 
six contamination levels analyzed at 25°C and four of the six 
contamination levels analyzed at 28°C. 

Recommendations

It is recommended that the 3M Petrifilm Rapid Yeast and 
Mold Count (RYM) Plate method be adopted as Official First 
Action status for the enumeration of yeast and molds in the 
following high water activity matrixes: yogurt (1.5% fat), 
frozen bread dough, fermented salami, sour cream, ready-made 
pie, raw frozen ground beef patties (77%), ready-to-eat deli 
sandwiches, sliced apples, and the following low water activity 
matrixes: raw almonds and dehydrated soup.
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EXPERT REVIEW PANEL, METHOD BACKGROUND, AND CONCLUSIONS 

 
 
Criteria for Vetting Methods to be considered: 
AOAC convened the Official Methods of AnalysisSM (OMA) Expert Review Panel for Microbiology for Foods and 
Environmental Surfaces on Wednesday, December 10, 2014 from 8:00am to 12:00pm at AOAC INTERNATIONAL 
Headquarters located at 2275 Research Blvd, Rockville, Maryland 20850.  
 
The purpose of the meeting was to review and evaluate OMAMAN-16: 3MTM PetrifilmTM Rapid Yeast and Mold 
Collaborative Study submitted by Bob Jechorek of 3M Food Safety located at 3M Center, Building 260-06-B-01, 
St. Paul, MN 55144 and Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214.  The 
candidate method was reviewed against the approved collaborative study protocol. Supplemental information 
was also provided to the reviewers which included the collaborative study manuscript, method safety checklist, 
AOAC Performance Tested MethodsSM validation report, Performance Tested MethodsSM protocol and package 
insert.   
 
OMAMAN-17: Evaluation Of The 3MTM Molecular Detection Assay (MDA) Listeria for the Detection of Listeria 
Species submitted by Lisa Monteroso of 3M Food Safety Department located at 3M Center, Building 0260-06-B-
01, Saint Paul, Minnesota 55144-1000 U.S.A.  The candidate method was reviewed against the approved 
collaborative study protocol. Supplemental information was also provided to the reviewers which included the 
collaborative study manuscript, method safety checklist, AOAC Performance Tested MethodsSM validation report, 
two (2) Performance Tested MethodsSM modification reports and package insert.   
 
OMAMAN-18: Evaluation Of The 3MTM Molecular Detection Assay (MDA) Listeria Monocytogenes for the 
Detection of Listeria Monocytogenes submitted by Lisa Monteroso of 3M Food Safety Department located at 3M 
Center, Building 0260-06-B-01, Saint Paul, Minnesota 55144-1000 U.S.A. The candidate method was reviewed 
against the approved collaborative study protocol. Supplemental information was also provided to the reviewers 
which included the collaborative study manuscript, method safety checklist, AOAC Performance Tested 
MethodsSM validation report, and package insert. 
 
Criteria for Vetting Experts and Selection Process: 
The following seven (7) candidates and one (1) alternate member were submitted for consideration by the 
Official Methods Board to evaluate candidate methods for Pesticide Residues methods as per the Expert Review 
Panel (ERP) Policies and Procedures.  The candidates were highly recommended by the Chemical Contaminants 
and Residues in Foods Community, have participated in various AOAC activities, including but limited to, Method 
Centric Committees that were formed under the legacy OMA pathway, and were vetted by the Official Methods 
Board.  The experts are Amy Brown, Jo Marie Cook (Alternate), Julie Kowalski, John Reuther, Marina Torres, Jian 
Wang, and Xiaoyan Wang.  
 
ERP Orientation:  
The ERP members have completed the mandatory AOAC Expert Review Panel Orientation Webinar on 
Wednesday, November 5, 2014. 
  
Expert Review Panel Meeting Quorum 
The meeting of the Expert Review Panel was held in person. A quorum is the presence of seven (7) members or 
2/3 of the total vetted ERP, whichever is greater.  Eight (8) out of the eleven (11) voting members were present 
and therefore met a quorum to conduct the meeting. It was also noted that Jim Agin who was not present, will 
not participate on this Expert Review Panel.  
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Standard Method Performance Requirements (SMPRs):  N/A 
 
Conclusion:  
The Expert Review Panel reviewed OMAMAN-16: 3MTM PetrifilmTM Rapid Yeast and Mold, OMAMAN-17: 
Evaluation Of The 3MTM Molecular Detection Assay (MDA) Listeria For The Detection Of Listeria Species, and 
OMAMAN-18: Evaluation Of The 3MTM Molecular Detection Assay (MDA) Listeria Monocytogenes For The 
Detection Of Listeria Monocytogenes and have adopted these methods for AOAC First Action Official Method 
status by unanimous decision as noted in the meeting minutes. 
 
Subsequent ERP Activities:  
ERP members will continue to evaluate the method for 2 years.   
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MEETING MINUTES 

I. Welcome and Introductions 
The Expert Review Panel Co-chairs, Michael Brodsky and Wendy McMahon welcomed Expert Review Panel 
members, initiated introductions, and discussed with the panel the goal of the meeting.     

 
II. Review of AOAC Volunteer Policies  

A brief overview of AOAC Volunteer Policies, Volunteer Acceptance Agreement and  
and Expert Review Panel Policies and Procedures which included Volunteer Conflicts of Interest, Policy on the 
Use of the Association, Name, Initials, Identifying Insignia, Letterhead, and Business Cards, Antitrust Policy 
Statement and Guidelines, and the Volunteer Acceptance Form (VAF).  All members of the ERP were required 
to submit and sign the Volunteer Acceptance Form.  

 
III. Expert Review Panel Process Overview and Guidelines 

 Deborah McKenzie presented a quick overview of the Expert Review panel process including meeting logistics, 
consensus, First Action to Final Action requirements, and documentation. 

 
IV. Review of Methods  

All ERP members presented a review and discussed the proposed collaborative study manuscript for The 
purpose of the meeting was to review and evaluate OMAMAN-16: 3MTM PetrifilmTM Rapid Yeast And Mold 
Collaborative Study.  The method authors Robert Jechorek of 3M Food Safety and Erin Crowley of Q 
Laboratories were both present and able to address questions and concerns of the ERP members.  A summary 
of comments was provided to the ERP members.1 

 
MOTION:   
Motion by Brodsky; Second by McMahon, for the method to move forward for First Action Official 
Method Status.  
Consensus demonstrated by: 8 in favor, 0 opposed, and 0 abstentions (Unanimous). Motion Passed. 

 
All ERP members presented a review and discussed the proposed collaborative study manuscript for The 
purpose of the meeting was to review and evaluate OMAMAN-17: Evaluation Of The 3MTM Molecular 
Detection Assay (MDA) Listeria For The Detection Of Listeria Species.  The method authors Lisa Montereso of 
3M Food Safety and Erin Crowley of Q Laboratories were both present and able to address questions and 
concerns of the ERP members.  A summary of comments was provided to the ERP members.2 

 
MOTION:   
Motion by Brodsky; Second by Arbault, for the method to move forward for First Action Official 
Method Status.  
Consensus demonstrated by: 8 in favor, 0 opposed, and 0 abstentions (Unanimous). Motion Passed. 

 
All ERP members presented a review and discussed the proposed collaborative study manuscript for The 
purpose of the meeting was to review and evaluate OMAMAN-18: Evaluation Of The 3MTM Molecular 
Detection Assay (MDA) Listeria Monocytogenes for The Detection Of Listeria Monocytogenes.  The method 
authors Lisa Montereso of 3M Food Safety and Erin Crowley of Q Laboratories were both present and able to 

1 Attachment 1: Summary of Expert Reviewer Comments for OMAMAN-16 
2 Attachment 2: Summary of Expert Reviewer Comments for OMAMAN-17 
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address questions and concerns of the ERP members.  A summary of comments was provided to the ERP 
members.3 

 
MOTION:   
Motion by Hitchins, Second by Mohajer, for the method to move forward for First Action Official 
Method Status.  
Consensus demonstrated by: 8 in favor, 0 opposed, and 0 abstentions (Unanimous). Motion Passed. 

 
V. Discuss Final Action Requirements for First Action Official Methods (if applicable) 

No further action was discussed at this time.  
 

VI. Adjournment 
 

3 Attachment 3: Summary of Expert Reviewer Comments for OMAMAN-18 
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AOAC OFFICIAL METHODS OF ANALYSIS (OMA) 
 

OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 

Co-Study Director: Bob Jechorek, 3M Food Safety, 3M Center, Building 260-06-B-01, St. Paul, MN 55144 
 

TECHNICAL EVALUATION CRITERIA 
Is the test kit method scientifically and technically sound? 
ER 1 yes 
ER 2 yes 
ER 3 yes 
ER 4 yes 
ER 5 yes 
ER 6 yes 
ER 7 yes 
ER 8 yes 
Have sufficient controls been used, including those required  to calculate the rate of false-positive and false-negative 
results where appropriate? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
ER 8 Yes 
Is sufficient information included for system suitability determination and product performance or acceptance testing? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 

 
ER 6 Yes  
ER 7 Yes 
ER 8 Yes 
Are the conclusions statements valid based upon data presented? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 No 
ER 8 No 

  

Page 1 of 7 
 



 
AOAC RESEARCH INSTITUTE 
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OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 

Co-Study Director: Bob Jechorek, 3M Food Safety, 3M Center, Building 260-06-B-01, St. Paul, MN 55144 
 

Do you agree that the evidence or data from this and previous studies support the proposed applicability statement? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
ER 8 Yes 
Are there sufficient data points per product evaluated in accordance with AOAC requirements? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
ER 8 Yes 
General Comments about the Method Scope/Applicability: 
ER 1 The method scope and applicability are clearly described, and the Petrifilm protocols have been clearly 

presented. Both incubation temperature options were also clearly stipulated. Description of the look like 
colonies were sufficiently explained. 

ER 2 A statement about growth curve for the yeast selected was made on page 3, row 14-15. This culture 
incubated for 48h while there are strains requiring 5-7 days incubation.  The method includes up to 60 h 
incubation.  Reviewer recommends applicability statement to this point.  The background section could 
include this point and then the discussion could address it. 

ER 3 Almonds and Ground Beef have been used for the collaborative study which are both appropriate 
matrices and were used in the pre-collaborative study. 

ER 4 No additional comments 
ER 5 The method is useful for rapid quantification of  spoilage microorganisms 
ER 6 Accurately reflects breadth and depth of study 
ER 7 None 
ER 8 1. Page 5, lines 27-29, Sterile Diluent.  The method lists several diluents that can be used with this 

method, including 0.1% peptone water. All of the diluents, other than 0.1% peptone water, should be 
removed from the method, since the method was validated with 0.1 peptone water and no other diluent. 
The implied conclusion is that the method, as given by the draft official method, is that it can be run with 
any diluent even though it was only validated with 0.1 % peptone water. 2. Page 5, lines, 7 - 9, 
applicability (here and elsewhere in the report). The method refers to yogurt, ready-made-pie, frozen 
ground beef patties, sandwiches, and dehydrated soup.  These are not specific enough.  Yogurt and beef 
should have fat percentages.  The types of pie, sandwiches and dehydrated soup should be specified. For 
example, apple pie, chicken soup, tuna sandwich... The applicability statement is too broad as written. 
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AOAC OFFICIAL METHODS OF ANALYSIS (OMA) 
 

OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 

Co-Study Director: Bob Jechorek, 3M Food Safety, 3M Center, Building 260-06-B-01, St. Paul, MN 55144 
 

General comments about the method: 
ER 1 The  method is very well described in the various documents. 
ER 2 NA 
ER 3 The method is much simpler compared to traditional method and the space savings in the use of Petrifilm 

are significant as compared to traditional agar plates. 
ER 4 No additional comments 
ER 5 The method is really useful due to  it significantly reduces test times 
ER 6 Well written and easy  to follow 
ER 7 none 
ER 8 1. Page 7, line 17.  There should be  references directing the  analyst  to methods for the further 

identification of yeast/fungal isolates. They should be ISO, BAM, MLG and others. 
Pros/Strengths of the Manuscript: 
ER 1 Good description of the sample preparation protocols. Efficient description of the collab study workflow 

and organization. Tables are very useful for summarizing the results. 
ER 2 Very well written. 
ER 3 The Manuscript is well written and the information flow is in an understandable order. 
ER 4 Generally well written. 
ER 5 It is a simple method for working 
ER 6 Very thoroughly written and detailed 
ER 7 Well written in general. 
ER 8 It is well written. 
Cons/Weaknesses of the Manuscript: 
ER 1 Very minor edits: page 7, line 25, reports lab 5 as one of the 4 labs with deviations, but in table 1 page 13, 

lab 6 is marked as the lab showing deviations for ground beef??? Reading through the report and the 
pack insert, it remains unclear if the minimum incubation is 48 hours or 46 hours since it is stipulated that 
incubation shall be 48+/-2 hours but reading is required at 48 hours: is minimal time of 48 hours of 
incubation is required? 

ER 2 NA 
ER 3 Table 1 describes which data sets were not used in the statistical analysis; however, there are not 

indications as such in tables 2 – 9 where raw data is presented. It may help to identify the labs who’s data 
sets were excluded in each table using a superscript letter. 

ER 4 Need to elaborate on the issues and possible causes of those issues of laboratories whose data were not 
used in the study. 

ER 5 no 
ER 6 None 
ER 7 Page 1, line 24 states "unpaired study design" but page 4 line, line 22 states "paired study design". Please 

clarify in the manuscript. Page 3, line 29: Clarify that after lyophilization dilutions were done with sterile 
NFDM powder or reconstituted NFDM. Page 4, line 38: Increase font size. Page 4, line47: Justify or omit 
reverse transformed mean difference here and in Tables 2014.1 and 2014.2.[Continued] Page 7, line 24: 
Insert "valid" before both "data" words.  Page 7, line 33: Omit Figs 1-4 which are somewhat redundant. 
Add statement about acceptability of Youden plots. Page 7, line 37: Remove "reverse transformed 
difference" here and in Tables 2014.1 &.2. Page 8, lines 31-33: State the  repeatability SD values 
supporting this assertion. Page 8, lines 44-46: State the  repeatability SD values supporting this assertion. 

Page 3 of 7 
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OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 

Co-Study Director: Bob Jechorek, 3M Food Safety, 3M Center, Building 260-06-B-01, St. Paul, MN 55144 
 

Page 9, lines 8-10: State the  repeatability SD values supporting this assertion. Page 9, lines 30-32: State 
the  repeatability SD values supporting this assertion. Page 9, lines 42-44: State the  repeatability SD 
values supporting this assertion. Page 10, lines 7-9: State the  repeatability SD values supporting this 
assertion. Page 10, lines 21-23: State the  repeatability SD values supporting this assertion. Page 10 lines 
42-44: State the  repeatability SD values supporting this assertion. Add the requested repeatability SD 
values as footnotes to relevant Tables. 

ER 8 Applicability statement is too general.  Tables are not properly footnoted. 
Supporting Data and Information: Does data from collaborative study support the method as written? 
ER 1 Yes. 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 yes 
ER 6 Yes 
ER 7 Yes, in general. 
ER 8 Yes. 
Supporting Data and information: Does data collected support the criteria given in the collaborative study protocol? 
ER 1 The data supports the criteria. 
ER 2 Yes 
ER 3 No 
ER 4 yes 
ER 5 yes 
ER 6 Yes 
ER 7 Yes. 
ER 8 Yes. 
Are there any concerns regarding the safety of the method? 
ER 1 To be covered once Safety Advisor review is presented. 
ER 2 No 
ER 3 No 
ER 4 No 
ER 5 No 
ER 6 No 
ER 7 No. 
ER 8 No. 
Are there any concerns regarding the data manipulation, data tables, or statistical analysis? 
ER 1 No concerns. 
ER 2 No 
ER 3 The manuscript would be much stronger if a more detail rational is given as to why some of the 

collaborative labs were excluded.  It is understandable to have such occurrences in a large collaborative 
study. 

ER 4 No 
ER 5 No 
ER 6 No 
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OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 

Co-Study Director: Bob Jechorek, 3M Food Safety, 3M Center, Building 260-06-B-01, St. Paul, MN 55144 
 

ER 7 In Table 2014.1 for the RYM method it is not clear what data from Tables 2, 3, 4 & 5 is used to get the SD 
values for repeatability and reproducibility. In Table 2014.2 for the RYM method it is not clear what data 
from Tables 6 7, 8 & 9 is used to get the SD values presented for repeatability and reproducibility. 
Typically the SD for reproducibility is noticeably larger than that for repeatability. This is true for the 
2014.2 (almond) results by the RYM and the FDA/ISO methods. However, it is not so for the 2014.1 (beef) 
results by the RYM or reference method. So perhaps the calculations and data inputs should be checked. 
[Continued] In many cases, especially in Table 2014.1 the mean RYM and reference methods' mean 
counts are not significantly different and yet the differences, although not very different, are often 
significantly different. In Table 2014.1 perhaps this is related to the fact that only 11 collaborators 
provided valid results. 

ER 8 None. 
General Comments (2) 
ER 1  
ER 2 NA 
ER 3 NA 
ER 4 No additional comments 
ER 5  
ER 6  
ER 7 None 
ER 8 Tables 2014.1 & 2014.2.  It should be footnoted that the BAM and ISO methods are identical when using 

0.1 % peptone water. as was done in this collaborative study. 
EDITORIAL EVALUATION CRITERIA 
Is the Validation Study Manuscript in a format acceptable to AOAC? 

ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
ER 8 Yes 

Is the method described in sufficient detail so that it is relatively easy to understand, including equations and procedures 
for calculation of results (are all terms explained)? 

ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 No 
ER 8 Yes 
Are the figures and tables sufficiently explanatory without the need to refer to the text? 
ER 1 Yes 
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OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 

Co-Study Director: Bob Jechorek, 3M Food Safety, 3M Center, Building 260-06-B-01, St. Paul, MN 55144 
 

ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
ER 8 No 

Are all the figures and tables pertinent? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 No 
ER 8 Yes 
Could some be omitted and covered by a simple statement? 
ER 1 No 
ER 2 No 
ER 3 No 
ER 4 No 
ER 5 No 
ER 6 Yes 
ER 7 Yes 
ER 8 No 
Are the references complete and correctly annotated? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
ER 8 Yes 

Does the method contain adequate safety precaution reference and/or statements? 
ER 1 Yes 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 Yes 
ER 6 Yes 
ER 7 Yes 
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OMAMAN-16: 3M Petrifilm Rapid Yeast And Mold Collaborative Study* 
Study Director: Erin Crowley, Q Laboratories, 1400 Harrison Avenue, Cincinnati, OH 45214 
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ER 8 Yes 
RECOMMENDATION: 
Do you recommend that the ERP adopt this method as an AOAC Official Methods of Analysis (First Action status)? 

ER 1 Yes. 
ER 2 Yes 
ER 3 Yes 
ER 4 Yes 
ER 5 yes 
ER 6 Yes 
ER 7 This method is potentially recommendable for adoption after manuscript clarifications are made. 
ER 8 Yes, if my above comments regarding applicability and diluent are addressed.  The package insert also 

needs to be revised in light of these comments.  If multiple diluents are recommended, even though only 
1 was validated, then I would recommend against giving the method First Action Status. 

AFTER FIRST ACTION STATUS:     
Is there any additional information that the ERP should consider in order to recommend the method for Final Action 
status? 

ER 1 No. 
ER 2 NA 
ER 3 NA 
ER 4 No additional comments 
ER 5 No 
ER 6 User comments 
ER 7 No 
ER 8 Two years worth of use in the field, without substantial problems, should be the criteria for making this a 

final action method. 
General Comments (3) 
ER 1  
ER 2 NA 
ER 3 NA 
ER 4 No additional comments 
ER 5  
ER 6  
ER 7 None 
ER 8 1. Package insert, page 4 of 8, Sterile Diluent.  The method lists several diluents that can be used with this 

method, including 0.1% peptone water. All of the diluents, other than 0.1% peptone water, should be 
removed from the method, since the method was validated with 0.1 peptone water and no other diluent. 
2. Package insert, page 6 of 8, applicability. The method refers to yogurt, ready-made-pie, frozen ground 
beef patties, sandwiches, and dehydrated soup.  These are not specific enough.  Yogurt and beef should 
have fat percentages.  The types of pie, sandwiches and dehydrated soup should be specified. For 
example, apple pie, chicken soup, tuna sandwich... The applicability is too broad as written. 
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1. INTRODUCTION 

 
The goal of this collaborative study is to estimate the following performance 
parameters of the 3M™ Petrifilm™ Rapid Yeast and Mold (RYM) Count Plate 
Method: repeatability (sr) and reproducibility (sR) standard deviations, relative 
standard deviations of repeatability (RSDr) and reproducibility (RSDR) and 
repeatability and reproducibility values (r and R, respectively).  Test portions from 
4 different contamination levels will be sent to collaborators where they will 
perform the 3M Petrifilm RYM Count Plate and parts 1 and 2 of the ISO 21527-
2008 reference method and the FDA BAM Chapter 18 reference methods.  The 
following foods will be tested: raw frozen ground beef (80% lean, 20% fat) as a high 
moisture product and raw almonds as a low moisture product.  
 
 
1.1. Description of the 3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 

 
The 3M™ Petrifilm™ Rapid Yeast and Mold Count (RYM) Plate is a sample-
ready culture medium system which contains nutrients supplemented with 
antibiotics, a cold-water-soluble gelling agent, and an indicator system that 
facilitates yeast and mold enumeration. 3M Petrifilm RYM Plates are used for the 
enumeration of yeast and mold in the food and beverage industries.  3M Petrifilm 
RYM Plate components are decontaminated though not sterilized. 3M Food Safety 
is certified to ISO (International Organization for Standardization) 9001 for design 
and manufacturing. 
 

1.2. Summary of 3M Petrifilm RYM Count Plate PTM/Precollaborative Study 

The results of the PTM study demonstrated the 3M Petrifilm RYM Plate method 
to be equivalent to or better than the average log counts of the ISO 21527:2008 
parts 1 and 2 and the FDA BAM Chapter 18 reference methods at 48 and 60 hours 
for the ten matrices evaluated: yogurt, frozen bread dough, fermented salami, sour 
cream, ready-made pie, frozen ground beef patties, raw almonds, sandwiches, 
sliced apples, dehydrated soup.  In addition, the repeatability of the 3M Petrifilm 
RYM method was equivalent to or better than the reference methods at both 48 
and 60 hours.   In the independent laboratory validation study, there was no 
significant difference in detection, enumeration, or repeatability between the 3M 
Petrifilm RYM method and ISO 21527:2008 parts 1 and 2 and the FDA BAM 
Chapter 18 reference methods for yogurt at 48 and 60 hours.  For frozen ground 
beef patties there was a significant difference between the 3M Petrifilm RYM 
Plate method and the reference methods at 48 and 60 hours with the 3M Petrifilm 
RYM method enumerating more organisms that the reference methods(p<0.05).  
In strain studies, of the 42 yeast and mold tested, all produced typical colonies on 
3M Petrifilm RYM Plate method. Of the 4 bacterial strains that should not have 
been detected by the 3M Petrifilm RYM Plate method, all 4 strains did not grow 
on the plate.  Lot-to-lot study of 3M Petrifilm RYM Plates was evaluated and 
showed no differences at time zero.   In assay ruggedness studies, there was no 
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difference in performance for three test parameters: incubation time, incubation 
temperature and type of diluents used to rehydrate the plate medium. 
 
The method was awarded PTM certification number 121301 on December 18, 
2013. 

   
1.3 Study Directors for Collaborative Study 

 
Robert P. Jechorek      Patrick Bird & Erin Crowley 
Study Co-Director       Study Co-Directors 
3M Food Safety Department     Q Laboratories, Inc. 
3M Center, Building 260-6B-01    1400 Harrison Avenue 
St. Paul, MN 55144      Cincinnati, Ohio 45214 
Phone: 651-733-9764                             Phone : 513-471-1300 
Fax: 651-733-5819      Fax : 513-471-5600 
Email: rpjechorek@mmm.com    Email: pbird@qlaboratories.com 
              ecrowley@qlaboratories.com 

 
 
2. Collaborators 
 

A total of 12-13 collaborators will be solicited to participate in this study.  A minimum of 
8 laboratories, with acceptable data, will be needed for the successful completion of this 
study.  Qualified laboratories currently using the 3M Petrifilm Plates or who will be 
thoroughly trained by a 3M representative, will act as collaborators for this study.  
 
A sample letter to collaborators can be found in Appendix 8.1.  This letter will be sent to 
each collaborator prior to the start of the study. 

 
3. Collaborative Study Design 
 

1.1. This collaborative study is designed according to the AOAC INTERNATIONAL 
Methods Committee Guidelines for Validation of Microbiological Methods for 
Food and Environmental Surfaces (2012).  
 
Table 1.  Overview of Study Design 
 

MATRIX 
Inoculating 
Organism 

Target  
Levels 

# Replicates 

SAMPLE 
CODES 

3M 
RYM* 

ISO/ 
BAM

* 

Raw frozen 
ground 

Trichosporon 
mucoides  

0 cfu/g 4 3 Random 
number ~50 cfu/g 4 3 
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beef 
(80% lean, 
20% fat) 

ATCC 201382 ~500 cfu/g 4 3 between 100-
199 

~5000 cfu/g 4 3 

Raw 
almonds 

Aspergillus 
aculeatus  

ATCC 56925 

0 cfu/g 4 3 
Random 
number 

between 200-
299 

~50 cfu/g 4 3 

~500 cfu/g 4 3 

~5000 cfu/g 4 3 

  
 
 

*Two plates incubated at 25°C and two plates incubated at 28°C 
 

1.2. Study Schedule 
 

1.2.1. One matrix will be tested each week of the study.  All data should be sent 
to the co-Study Director by the 3rd week of study. 

 
1.2.2. One co-Study Director will prepare the test portions and ship the test 

portions refrigerated via overnight courier to the collaborators to arrive on 
a Friday.  Test portion processing and analysis will begin on Monday.  
Data forms will be completed and faxed or emailed back to the co-Study 
Director by the following Friday. 

 
4. Test Portion Preparation 

 
4.1. Matrix spiking 

4.1.1. Obtain 4 lots (~2100g/lot) of each of food product.  Determine the 
background levels of aerobic bacteria by Bacteriological Analytical 
Manual Chapter 3 Aerobic Plate Count (January 2001) and any yeast/mold 
counts by Bacteriological Analytical Manual Chapter 18: Yeasts, Molds 
and Mycotoxins (April 2001).. 

4.1.2. If the lots are naturally contaminated, each lot should be manipulated 
(temperature abused to increase levels or mixed to decrease levels) so as to 
produce 4 different contamination levels.  The goal is to have each batch 
approximately 10-fold higher than the previous.  

4.1.3. If there is no natural contamination in any of the 4 lots then all 4 lots 
should be combined to form one large batch.  It should then be divided into 
4 sub-batches, 3 of which will need to be artificially contaminated with a 
yeast or mold (Table 1) at the following levels targeted: low, 10-100 cfu/g; 
medium: 100-1000 cfu/g; high: 1000-10,000 cfu/g. The fourth batch will 
serve as the control. 

4.1.3.1. Raw frozen ground beef (80% lean/20% fat) will be 
thawed, inoculated with a liquid inoculum (Trichosporon mucoides 

6 
DRAFT DOCUMENT 

AOAC R
es

ea
rch

 In
sti

tut
e  

Exp
ert

 R
ev

iew
 P

an
el 

Use
 O

nly

OMAMAN-16A/ Collaborative Study Protocol 
ERP Use Only - December 2014



3M Petrifilm RYM Collaborative Study   June 2014 
OMA-2014-June-XXX 

ATCC 201382), manually mixed and held at -20 to -30°C for a 
minimum of 2 weeks. 

4.1.3.2. Raw almonds will be inoculated with a lyophilized culture 
(Aspergillus aculeatus ATCC 56925) and stabilized for a minimum 
of 2 weeks at room temperature (21-23°C). 
 

4.2. Shipment of Test portions 
 

4.2.1. A total of 16 test portions (2 test portions x 4 levels x 2 methods) of each 
matrix will be sent to each laboratory.  

 
4.2.2. Test portions will be shipped in leak-proof, insulated containers with ice 

packs to maintain the appropriate temperature range. 
 

4.2.3. Packages will be sent via overnight courier. 
 

4.3. Test Portion Analysis 
 

4.3.1. The laboratories will follow the appropriate test portion preparation 
protocol according to the method for each food.  
 

5. 3M Petrifilm RYM Count Plate  
 
5.1. Applicability 

 
For the enumeration of yeast and mold from yogurt, sour cream, raw almonds, 
sliced apples, frozen bread dough, ready-made pie, sandwiches, dehydrated soup, 
fermented salami and frozen ground beef patties (80% lean/20% fat). 
 
Caution:   

 
3M Petrifilm RYM Plates do not differentiate any one yeast or mold strain from 
another.  3M has not documented 3M Petrifilm RYM Plates for use in industries 
other than food and beverage. For example, 3M has not documented 3M Petrifilm 
RYM Plates for testing water, pharmaceuticals or cosmetics.  3M Petrifilm RYM 
Plates have not been tested with all possible food products, food processes, testing 
protocols or with all possible strains of yeast and mold.  Do not use 3M Petrifilm 
RYM Plates in the diagnosis of conditions in humans or animals.  The user must 
train its personnel in proper testing techniques.  After use, 3M Petrifilm RYM 
Plates may contain microorganisms that may be a potential biohazard.  Follow 
current industry standards for disposal. For information on potential biohazards, 
reference Biosafety in Microbiological and Biomedial Laboratories, 5th edition, 
Section VIII-B:  Fungal Agents. 

 
5.2. Test Kit - 3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 
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5.2.1. Cat. #6475 3M Petrifilm Rapid Yeast & Mold Plates 25/pouch, 2 
pouches/box  

5.2.2. Cat. # 6477 3M Petrifilm Rapid Yeast & Mold Plates 25/ pouch, 20 
pouches /case 
 

5.3. Additional Reagents - 3M Petrifilm RYM Count Plate 
5.3.1. Sterile diluent – 0.1% peptone water 

 
5.4. Additional media 

5.4.1. Dichloran-rose bengal chloramphenicol (DRBC) agar 
5.4.2. Dichloran 18% glycerol (DG18) agar 

 
5.5. Apparatus 

5.5.1. Pipettes. – capable of pipetting 1,000µL or sterile serological pipette 
5.5.2. Sterile pipette tips. – capable of 1,000µL 
5.5.3. Stomacher®. – Seward or equivalent  
5.5.4. Filter Stomacher® bags. - Seward or equivalent 
5.5.5. 3M™ Petrifilm™ Flat Spreader (6425) 
5.5.6. Incubators. – Incubator capable of maintaining 25 ± 1°C and 28 ± 

1°C, and having a solid front so as to maintain a dark interior. 
5.5.7. Refrigerator. – capable of maintaining 2-8°C, for storing the 3M 

Petrifilm RYM Count Plates 
5.5.8. L shaped spreaders (hockey sticks)  

 
5.6. Determination 
5.7. Sample Preparation 

5.7.1. Prepare a 1:10 dilution of each test portion – 25g plus 225 mL of 0.1% 
Peptone Water (10-1) 

5.7.2. Stomach for 2 minutes in the stomacher bag.   
5.7.3. Prepare an additional 3 dilutions (10-2to 10-4) using 0.1% Peptone Water. 

 
5.8. 3M Petrifilm Rapid Yeast and Mold Count Plate Method (please refer to the 

IFU for additional details) 
5.8.1. Place two 3M Petrifilm RYM Plates on a flat, level surface for each 

dilution to be tested. 
5.8.2. Lift the top film and with the pipette perpendicular dispense 1 mL of each 

dilution onto the center of bottom film of each plate. 
5.8.3. Drop the top film down onto the sample. 
5.8.4. Place the 3M Petrifilm Flat Spreader (6425) on the center of the plate.  

Press gently on the center of the spreader to distribute the sample evenly. 
Spread the inoculum over the entire 3M Petrifilm RYM Plate growth area 
before the gel is formed. Do not slide the spreader across the film.  

5.8.5. Remove the spreader and leave the plate undisturbed for at least one 
minute to permit the gel to form. 

5.8.6. Incubate 3M Petrifilm RYM Plates at 25 and 28°C in a horizontal position 
with the clear side up in stacks of no more than 40.  Enumerate plates at 48 
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± 2 hours and 60 hours 3M Petrifilm RYM plates can be counted using a 
standard colony counter or other illuminated magnifier.  Gridlines are 
visible with the use of a backlight to assist with estimated enumeration. 

5.8.7. To differentiate yeast and mold colonies on the 3M Petrifilm RYM Plates, 
look for one or more of the following characteristics: 
 
YEAST         MOLD 

Small colonies       Large colonies 
Colonies have defined edges     Colonies have diffuse edges 
Pink-tan to blue-green in color  Blue/green to variable upon 

prolonged incubation 
Colonies appear raised (3 dimensional)   Colonies appear flat 
Colonies have a uniform color  Colonies have a dark center with 

diffused edge 
 

5.8.8. The circular growth area is approximately 30 cm2. Plates containing greater 
than 150 colonies can either be estimated or recorded as TNTC.  
Estimation can be done by counting the number of colonies in one or more 
representative squares and determining the average number per square. The 
average number can be multiplied by 30 to determine the estimated count 
per plate.  If a more accurate count is required, the sample will need to be 
retested at higher dilutions.  When the sample contains substantial amounts 
of mold, depending on the type of mold, the upper countable limit may be 
lowered at user discretion. 

5.8.9.  Food samples may occasionally show interference on the 3M Petrifilm 
RYM Plates, for example: 
5.8.9.1. uniform blue background color (often seen from the 

organisms used in cultured products) these should not be counted as 
TNTC. 

5.8.9.2. intense, pinpoint blue specs  (often seen with spices or 
granulated products). 
 

6. Reporting Raw Data 
 

6.1. Report data using the data report form in Appendix 8.2. 
 

6.2. Upon completion of each food type, the laboratory will fax or email the completed 
data form to the co-Study Director. 

 
6.3. Copies of all data sheets should be retained by the collaborating labs for a 

minimum of one year. 
 

7. Analyzing Raw Data 
 
7.1. Average duplicate plates for the 3M Petrifilm RYM method and triplicate plates 

for the reference method. 
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7.2. Convert yeast/mold counts into logarithms for data analysis. 
7.3. Perform a one way analysis of variance (ANOVA) or a paired t-test to determine if 

the mean of replicate samples at each contamination level for each matrix is not 
different between the 3M Petrifilm RYM method and the reference methods.  

7.4. Calculate the repeatability (sr) of the 3M Petrifilm RYM method and the reference 
methods by determining the mean of the logarithm (base 10) of the counts and the 
standard deviation, sr, for each contamination level of each matrix.   
 

8. Appendices 
 
8.1. Instructions to Collaborators 
8.2. Data Report Forms 
8.3. Study Materials 
8.4. Study flow diagram 
8.5. Collaborator Information Sheet  
8.6. Collaborator Comment Form 
8.7. 3M™ Petrifilm™ Rapid Yeast and Mold Count Plate Instructions for Use  
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Appendix 8.1 
 

Instructions to Collaborators 
 
General Instructions about Collaborative Studies 
  
Introduction 
 
The purpose of this document is to provide detailed instructions for performing the collaborative 
study for the 3M™ Petrifilm™ Rapid Yeast and Mold Count Plate Method.   
 
 The trial will be conducted by Study Directors: Bob Jechorek of 3M Food Safety, Erin 
Crowley and Patrick Bird of Q Laboratories, Inc., the coordinating laboratory.  The Study 
Directors are responsible for providing the test portions, clarifying procedures, collating the 
results, and submitting a final report to AOAC INTERNATIONAL.  Should any questions arise 
before or during the course of the study, please direct them immediately to the attention of one of 
the Study Directors: 
 
Robert P. Jechorek      Patrick Bird & Erin Crowley 
Study Co-Director       Study Co-Directors 
3M Food Safety Department     Q Laboratories, Inc. 
3M Center, Building 260-6B-01    1400 Harrison Avenue 
St. Paul, MN 55144      Cincinnati, Ohio 45214 
Phone: 651-733-9764                             Phone : 513-471-1300 
Fax: 651-733-5819      Fax : 513-471-5600 
Email: rpjechorek@mmm.com    Email: pbird@qlaboratories.com 
              ecrowley@qlaboratories.com 
 
 
 Important Information 
  
 1.  Read the methods carefully.  If you have any questions, contact one of the Study 
Directors. 
 
 2.  It is advised to make at least one practice run before the trial using your own materials 
so that you can minimize errors in manipulations.  Check that all pipettes, equipment, and 3M 
Petrifilm RYM supplies are on hand. 
  
 3.  Make the determination on the specified date.  Store the test portions according to the 
instructions.  It is essential for the validity of the trial that all collaborators commence the 
analysis of each test portion on the designated day.  Immediately upon receiving each shipment, 
confirm the contents with the Study Director by faxing the form provided in the shipment. 
 
 4.  THIS IS A STUDY OF THE METHOD, NOT OF THE LABORATORY.  THE 
METHOD MUST BE FOLLOWED AS CLOSELY AS PRACTICABLE, AND ANY 
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DEVIATIONS FROM THE METHOD AS DESCRIBED, NO MATTER HOW TRIVIAL 
THEY MAY SEEM, MUST BE NOTED ON THE REPORT FORM. 
 
5.  Report all of your results as soon as analyses are completed.  Do not do more or less than 
indicated in the instructions.  For example, do not do duplicate analysis and report the best or 
average result.  More or fewer results complicate the statistical analyses and may invalidate your 
results.  Data sheets are provided with these instructions and indicate which results are to be 
reported.  Please include any criticisms, suggested improvements, or general comments about the 
3M Petrifilm RYM Count Plate method on the Collaborators’ Comments Form provided.  Any 
results that were derived from modified protocols should be included but must be separated from 
the main report.  Results and comments should be returned to the Study Director immediately 
upon completion of each portion of the study. 
 
Information about this Collaborative Study 
 
Shipment Schedule 
 
Test portions will be shipped by overnight express courier to arrive the day before initiation of 
analysis.  If the test portions do not arrive by the normal delivery time one day prior to analysis, 
please contact a Study Director.  All test portions will be shipped refrigerated.  Analysis of test 
portions must be initiated on the day scheduled by the Study Director. 3M Petrifilm RYM 
Plates will be sent directly from 3M. Other supplies (Appendix 8.3) will be sent by the 
coordinating laboratory.  

 
Proposed analysis schedule 
 

Food Date Shipped Date Tested 

Raw frozen ground 
beef 
(80% lean/20% fat) 

TBD* TBD 

Raw almonds TBD TBD 

 
 *To be completed by coordinating laboratory 
 
Test Portion Receipt 
 
Note condition of package on the data sheets and notify the Study Director if any packages 
appear to have been compromised or if the food product does not arrive in the appropriate 
condition.  All frozen ground beef samples should arrive frozen and should be stored at -20°C 
(frozen) until the day of analysis.  Raw almonds should be stored at room temperature (21-23°C). 
 
Test Portion Analysis 
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Collaborators will receive eight 25g test portions to test each matrix using the 3M Petrifilm 
RYM and reference methods.  Please review the reference methods carefully before initiating 
analysis. 
 
One additional 60 g control (negative) test portion will be provided to each collaborator for each 
matrix to determine the total plate count on the day of analysis.  One temperature control sample 
will also be included in the shipment to document the temperature of the sample upon receipt. 
Record all results on the data sheets provided.   
 

Food Type Reference Methods Diluent 3M Petrifilm 
RYM plates 

Raw frozen 
ground beef 

(80% lean/20% 
fat) 

ISO 21527-2008 & 
FDA-BAM Ch. 18 0.1% Peptone 

2 at 25°C 
2 at 28°C 

Raw almonds ISO 21527-2008 & 
FDA-BAM Ch. 18 0.1% Peptone 

2 at 25°C 
2 at 28°C 

 
 

 
1.1.Sample Preparation 
1.1.1. Prepare a 1:10 dilution of each test portion – 25g plus 225 mL of 0.1% Peptone 

Water (10-1) 
1.1.2. Stomach for 2 minutes in the stomacher bag.   
1.1.3. Prepare an additional 4 dilutions (10-2to 10-4) using 0.1% Peptone Water. 

 
1.2. 3M Petrifilm Rapid Yeast and Mold Count Plate Method (please refer to the IFU for 

additional details and Appendix 8.4 for flow diagram) 
1.2.1  Place four 3M Petrifilm RYM Plates on a flat, level surface for each dilution to be 
tested. 
1.2.2  Lift the top film and with the pipette perpendicular dispense 1 mL of each dilution 
onto the center of bottom film of each plate. 
1.2.3  Drop the top film down onto the sample. 
1.2.4   Place the 3M Petrifilm Flat Spreader (6425) on the center of the plate.  Press 
gently on the center of the spreader to distribute the sample evenly. Spread the inoculum 
over the entire 3M Petrifilm RYM Plate growth area before the gel is formed. Do not 
slide the spreader across the film.  
1.2.5  Remove the spreader and leave the plate undisturbed for at least one minute to 
permit the gel to form. 
1.2.6  Incubate two 3M Petrifilm RYM Plates of each dilution at 25°C and two 3M 
Petrifilm RYM Plates at 28°C in a horizontal position with the clear side up in stacks of 
no more than 40.  Enumerate plates at 48 ± 2 hours and 60 hours, keeping the time the 
plates are out of the incubator to a minimum. 
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1.2.7  3M Petrifilm RYM plates can be counted using a standard colony counter or other 
illuminated magnifier.  Gridlines are visible with the use of a backlight to assist with 
estimated enumeration. 

1.2.8  To differentiate yeast and mold colonies on the Petrifilm RYM, look for one or 
more of the following characteristics: 
 
YEAST         MOLD 

Small colonies      Large colonies 
Colonies have defined edges     Colonies have diffuse edges 
Pink-tan to blue-green in color  Blue/green to variable upon 

prolonged incubation 
Colonies appear raised (3 dimensional)   Colonies appear flat 
Colonies have a uniform color  Colonies have a dark center with 

diffused edge 
 

1.2.9  The circular growth area is approximately 30 cm2. Plates containing greater than 
150 colonies can either be estimated or recorded as TNTC.  Estimation can be done 
by counting the number of colonies in one or more representative squares and 
determining the average number per square. The average number can be multiplied 
by 30 to determine the estimated count per plate.  If a more accurate count is 
required, the sample will need to be retested at higher dilutions.  When the sample 
contains substantial amounts of mold, depending on the type of mold, the upper 
countable limit may be lowered at user discretion. 

1.2.10  Food samples may occasionally show interference on the 3M Petrifilm RYM 
Plates, for example: 
1.2.10.1 uniform blue background color (often seen from the organisms used in cultured 

products) these should not be counted as TNTC. 
1.2.10.2 intense, pinpoint blue specs  (often seen with spices or granulated products). 

 
1.3. ISO 21527:2008. Parts 1 and 2 and FDA-BAM Ch. 18 (April 2001)1 

1.3.1Using the diluted sample (prepared in section 5) distribute 0.1 ml inoculum of each 
dilution onto specific agar plate listed below in triplicate and spread. 
1.3.1.1  Low moisture foods (raw almonds): Dichloran 18% glycerol (DG18) agar 
1.3.1.2  High moisture foods (raw frozen ground beef (80% lean/20% fat): Dichloran-

rose bengal chloramphenicol agar (DRBC).  
1.3.2  Incubate at 25°C for 5-7 days.  Do not incubate plates in stacks higher than three 

and do not invert. 
1.3.3  After 5 days count and record typical colonies.  If there is no growth, re-incubate 
for another 48 hours.  
1.3.4  Record results from the three plates with 10-150 colonies and report average results 
in colony forming units (CFU) per gram. 
 

 
Final Results 

1 http://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm071435.htm 
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All results are to be recorded on the data sheets provided.  Immediately upon completion 
of each food type, the data sheet should be faxed or emailed to co-Study Director 
Patrick Bird at: (513)-471-5600 or pbird@qlaboratories.com.  
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Appendix 8.1a – Raw frozen ground beef Collaborative Study Data Report Form  
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3M Petrifilm RYM Collaborative Study   June 2014 
OMA-2014-June-XXX 

Appendix 8.2b – Raw almonds Collaborative Study Data Report Form  
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3M Petrifilm RYM Collaborative Study   June 2014 
OMA-2014-June-XXX 

Appendix 8.3 
Study Materials 

 
Materials and reagents provided by the study sponsor 
 

1. 3M™ Petrifilm™ Flat Spreader (6425) 
2. 3M™ Petrifilm™ Rapid Yeast and Mold Count Plates 
3. Sterile diluent – 0.1% peptone water 
4. Dichloran-rose bengal chloramphenicol agar (DRBC) 
5. Dichloran 18% glycerol (DG18) agar 
6. L shaped spreaders (hockey sticks) 

 
Materials required but not provided  
 

1. Pipettes. – capable of pipetting 1,000µL or sterile serological pipette 
2. Sterile pipette tips. – capable of 1,000µL 
3. Stomacher®. – Seward or equivalent  
4. Filter Stomacher® bags. - Seward or equivalent 
5. Incubators. – Incubator capable of maintaining 25 ± 1°C and another capable of 

maintaining 28 ± 1°C, and having a solid front so as to maintain a dark interior. 
6. Refrigerator. – capable of maintaining 2-8°C, for storing the 3M Petrifilm RYM 

Count Plates 
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3M Petrifilm RYM Collaborative Study   June 2014 
OMA-2014-June-XXX 

Appendix 8.4 – Study flow diagram 
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3M Petrifilm RYM Collaborative Study   June 2014 
OMA-2014-June-XXX 

Appendix 8.5 
 

3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 
 

Collaborative Study 
Collaborator Information Sheet 

 
 

Please complete the information below and return to TBD. 
 
Contact name: 
 
Laboratory name: 
 
Fax number: 
 
Phone number: 
 
Email address: 
 
Mailing address: 
 
 
 
 
 
Shipping address: 
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3M Petrifilm RYM Collaborative Study   June 2014 
OMA-2014-June-XXX 

Appendix 8.6 
 
 

3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 
 

 Collaborative Study 
Collaborator Comments Form 

 
 

Collaborating Laboratory: 
 
Date: 
 
General Comments about Method: 
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3M™ Petrifilm™ Rapid Yeast Mold Count Plate 1 

AOAC Performance Tested Method  2 

 3 

Abstract  4 

The 3M™ Petrifilm™ Rapid Yeast Mold Count Plate (Petrifilm RYM) detects and enumerates yeast and 5 

mold from a variety of foods.  Ten matrices – yogurt, sour cream, almonds, sliced apples, frozen bread 6 

dough, ready-made pie, sandwiches, dehydrated soup, fermented salami and frozen ground beef patties 7 

– were compared to the ISO 21527:2008 parts 1 and 2 and the FDA BAM Chapter 18 reference methods 8 

at 48 and 60 hours.  Naturally contaminated samples that covered three levels of contamination (low 9 

level 10 -100 CFU/g, medium level 100-1,000 CFU/g, and a high level 1,000-10,000 CFU/g) were 10 

analyzed.  Matrices that were not naturally contaminated were artificially contaminated with a yeast or 11 

mold, and five replicates were analyzed at four levels (uninoculated, low, medium, and high).  The 12 

results demonstrated that the 3M Petrifilm RYM Plate method as shown to be equivalent to or better 13 

than the average log counts of the ISO 21527:2008 parts 1 and 2 and the FDA BAM Chapter 18 reference 14 

methods at 48 and 60 hours.  In addition, the repeatability of the Petrifilm RYM method was equivalent 15 

to or better than the reference methods at both 48 and 60 hours.   In the independent laboratory 16 

validation study, there was no significant difference in detection, enumeration, or repeatability between 17 

the Petrifilm RYM method and ISO 21527:2008 parts 1 and 2 and the FDA BAM Chapter 18 reference 18 

methods for yogurt at 48 and 60 hours.  For frozen ground beef patties there was a significant difference 19 

between the Petrifilm RYM Plate method and the reference methods at 48 and 60 hours with the 20 

Petrifilm RYM method enumerating more organisms that the reference methods(p<0.05).  In strain 21 

studies, of the 42 yeast and mold tested, all produced typical colonies on Petrifilm RYM Plate method. 22 

Of the 4 bacterial strains that should not have been detected by the Petrifilm RYM Plate method, all 4 23 

strains did not grow on the plate.  Lot-to-lot study of Petrifilm RYM Plates was evaluated and showed no 24 

differences at time zero.   In assay ruggedness studies, there was no difference in performance for three 25 

test parameters: incubation time, incubation temperature and type of diluents used to rehydrate the 26 

plate medium. 27 

 28 

 29 

 30 

1 
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Method Author   1 

Bob Jechorek 2 

3M Food Safety Department 3 

3M Center - Bldg 260-6B-01  4 

St. Paul, MN 55144-1000 5 

 6 

Submitting Company  7 

3M Company 8 

Food Safety Department 9 

3M Center, Bldg. 275-5W-05 10 

St. Paul, MN 55144-1000 11 

 12 

Independent Laboratory  13 

Aegis laboratories 14 

224 N. Derby Lane 15 

North Sioux City, South Dakota 57049 16 

 17 

Reviewers of Final Submission  18 

Yi Chen, US-FDA (AOAC General Referee) 19 

Michael Brodsky, Brodsky Consultants 20 

Wayne Ziemer 21 

General Information 22 

The large and diverse group of microscopic foodborne yeasts and molds (fungi) includes several hundred 23 

species. The ability of these organisms to grow in many foods is due in large part to their relatively 24 

versatile environmental requirements. 25 

Both yeasts and molds cause various degrees of deterioration and decomposition of foods. They are 26 

ubiquitous organisms that can contaminate virtually any type of food through the entire food chain.  27 

Their ability to be detected in or on foods depends on food type, organisms involved, and degree of 28 
2 
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contamination; the contaminated food may be slightly blemished, severely blemished, or completely 1 

decomposed, with the actual growth manifested by rot spots of various sizes and colors, unsightly scabs, 2 

slime, white cottony mycelium, or highly colored spore releasing mold. Abnormal flavors and odors may 3 

also be produced.  Contamination of foods by yeasts and molds can result in substantial economic losses 4 

to producer, processor, and consumer1. 5 

Several food borne molds and some yeasts, may also be hazardous to human or animal health because 6 

of their ability to produce toxic metabolites known as mycotoxins. 7 

The 3M™ Petrifilm™ Rapid Yeast and Mold Count Plate method was developed to provide rapid 8 

quantitative yeast and mold results from foods.  The method is reproducible, and is faster than the agar 9 

methods, providing results in 48 hours compared to the typical five to seven days.       10 

 11 

Principle  12 

The 3M™ Petrifilm™ Rapid Yeast and Mold Count (RYM) Plate is a sample-ready culture medium system 13 

which contains nutrients supplemented with antibiotics, a cold-water-soluble gelling agent, and an 14 

indicator system that facilitates yeast and mold enumeration, but does not speciate yeast and mold 15 

from one another. 3M Petrifilm RYM is used for the enumeration of yeast and mold in the food and 16 

beverage industries and has been validated for yogurt, sour cream, almonds, sliced apples, frozen bread 17 

dough, ready-made pie, sandwiches, dehydrated soup, fermented salami and frozen ground beef 18 

patties.  19 

 20 

Definitions  21 

Sensitivity .— Number of True Positives / (Number of True Positives + Number of False Negatives) 22 
 23 
 Specificity .— Number of True Negatives / (Number of False Positives + Number of True Negatives) 24 
 25 
Materials and Methods 26 

Test Kit Information  27 

Kit Name:  3M™ Petrifilm™ Rapid Yeast and Mold Count Plate 28 

Catalog Number:  Box 6475, Case 6477 29 

Test Kit Reagents 30 

3M™ Petrifilm™ Rapid Yeast and Mold Count Plate  31 

 32 
3 
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Additional Supplies and Reagents 1 
1. Pipettor capable of pipetting 1,000µl or sterile serological pipette 2 
2. Sterile pipette tips 3 
3. Sterile diluent 4 
4. 3M™ Petrifilm™ Flat Spreader (6425) 5 

 6 
Apparatus 7 
Incubator capable of maintaining 25-28 ± 1°C. 8 
 9 

Safety Precautions 10 

3M Petrifilm RYM Plates do not differentiate any one yeast or mold strain from another. 11 

3M has not documented 3M Petrifilm RYM Plates for use in industries other than food and beverage. 12 

For example, 3M has not documented 3M Petrifilm RYM Plates for testing water, pharmaceuticals or 13 

cosmetics.  3M Petrifilm RYM Plates have not been tested with all possible food products, food 14 

processes, testing protocols or with all possible strains of yeast and mold. 15 

Do not use 3M Petrifilm RYM Plates in the diagnosis of conditions in humans or animals. 16 

The user must train its personnel in proper testing techniques.  For example, Good Laboratory 17 

Practices2, ISO 72183, or ISO 170254. After use, 3M Petrifilm™ RYM Plates may contain microorganisms 18 

that may be a potential biohazard.  Follow current industry standards for disposal. 19 

 20 

 21 

General Preparation 22 

Use proper aseptic technique.  Use proper precautions for biosafety level 2 microorganisms.  23 

Store unopened packages at ≤8°C (≤46°F).  Use before expiration date on package.  In areas of high 24 

humidity where condensate may be an issue, it is best to allow packages to reach room temperature 25 

before opening. 26 

 27 

Sample Preparation 28 

When selecting a test method, it is important to recognize that external factors such as sampling 29 

methods, testing protocols, sample preparation, handling, and laboratory technique may influence 30 

results. 31 

It is the user’s responsibility in selecting any test method or product to evaluate a sufficient number of 32 

samples with the appropriate matrices and microbial challenges to satisfy the user that the chosen test 33 

method meets the user’s criteria. 34 

4 
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 1 

Analysis 2 

To use 3M Petrifilm RYM Plates, place the plates on a flat, level surface.  Lift the top film and with the 3 

pipette perpendicular dispense 1 mL of sample suspension onto the center of bottom film, then roll the 4 

top film down onto the sample.  Place the 3M™ Petrifilm™ Flat Spreader (6425) or other flat spreader on 5 

the center of the 3M Petrifilm RYM Plate and press gently on the center of the spreader to distribute the 6 

sample evenly.   Spread the inoculum over the entire 3M Petrifilm RYM Plate growth area before the gel 7 

is formed.  Do not slide the spreader across the film.  Remove the spreader and leave the 3M Petrifilm 8 

RYM Plate undisturbed for at least one minute to permit the gel to form. 9 

Incubate 3M Petrifilm RYM Plates at 25-28°C for 48 +/- 2 hours* in a horizontal position with the clear 10 

side up in stacks of no more than 40. 11 

*If colonies appear faint, allow an additional 12 hours of incubation time for enhanced interpretation. 12 

Interpretation 13 

3M Petrifilm RYM Plates can be counted using a standard colony counter or other illuminated magnifier. 14 

Gridlines are visible with the use of a backlight to assist with estimated enumeration. 15 

 Do not count colonies on the foam dam since they are removed from the nutrient medium. To 16 

differentiate yeast and mold colonies on the 3M Petrifilm RYM Plate, look for one or more of the 17 

following characteristics listed in Table 1. 18 

Table 1.  Colonial Characteristics of Yeast and Mold on Petrifilm RYM Plates. 19 
YEAST MOLD
Small colonies Large colonies
Colonies have defined edges Colonies have diffuse edges
Pink-tan to blue-green in color Blue/green to variable upon prolonged incubation
Colonies appear raised (3 dimensional) Colonies appear flat
Colonies have a uniform color Colonies have a dark center with diffused edge20 
 21 
Examine the plates for yeast and mold results at 48 hours.  Certain slower growing yeasts and molds 22 

may appear faint at 48 hours.  To enhance interpretation of these molds allow for an additional 12 hours 23 

of incubation time.  The circular growth area is approximately 30 cm2.  3M Petrifilm RYM Plates 24 

containing greater than 150 colonies can either be estimated or recorded as TNTC.  Estimation can be 25 

done by counting the number of colonies in one or more representative squares and determining the 26 

average number per square.  There are 30 squares in the counting area.  The average number can be 27 

multiplied by 30 to determine the estimated count per plate.  If a more accurate count is required, the 28 

5 
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sample will need to be retested at higher dilutions.  When the sample contains substantial amounts of 1 

mold, depending on the type of mold, the upper countable limit may be lowered at user discretion. 2 

Food samples may occasionally show interference on the 3M Petrifilm RYM Plates, for example: 3 

a) a uniform blue background color (often seen from the organisms used in cultured products) these 4 

should not be counted as TNTC.  b) intense, pinpoint blue specs (often seen with spices or granulated 5 

products). 6 

When necessary, colonies may be isolated for further identification.  Lift the top film and pick the colony 7 

from the gel. 8 

 9 

Internal Validation Studies 10 

Ruggedness Testing 11 

Minor perturbations were introduced within parameters that might be expected to occur when Petrifilm 12 

RYM Plates are used.  The results are listed in Tables 2 and 3. 13 

 14 

Methodology  15 

The effects of perturbations in three (3) method parameters were investigated:  16 

1.  Incubation time (44 and 62 hours)   17 

2.  Incubation temperature (24 ± 1°C and 29 ± 1°C)    18 

3.  Dilution fluid (0.1% peptone Water, 0.1% peptone water (45°C), Butterfields Buffer, Letheen Broth, 19 

saline, peptone salt diluent, water, buffered peptone water). 20 

The Petrifilm RYM Plate method was evaluated for ruggedness by examining the performance of the 21 

plates when small changes in the operating conditions were made.  All ruggedness parameters were 22 

evaluated with one yeast (Candidia tropicalis) and one mold (Geotrichum candidum) at high and low 23 

level inoculums, and one non-target strain (Pseudomonas aeruginosa ATCC # 27853) at a high level 24 

inoculum. For the target organisms, five replicates were inoculated to achieve the target levels of 50-75 25 

CFU/mL for high level yeast and 25-50 CFU/mL for high level mold, and 1-20 CFU/ml for the low level 26 

yeasts and 1-10 CFU/ml for the low level mold.  For the non-target strain, five replicates were inoculated 27 

to achieve target levels of 80-100 CFU/mL for the high level.  28 

 29 
Table 2.  Summary of Ruggedness Test Results for Candida tropicalis – Inoculation Level, Incubation 30 
Time, Incubation Temperature, and Dilution Fluid. 31 

6 
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24°C 44 and 62 hours

C. tropicalis - LOW 
Inoculation

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev

0.1% Peptone Water 16 16 23 16 15 17.200 3.271 17 16 24 17 16 18.000 3.391

0.1% Peptone water (45°C)
17 17 13 21 18 17.200 2.864 18 18 13 21 19 17.800 2.950

Butterfields Buffer 28 21 18 18 20 21.000 4.123 28 21 19 18 20 21.200 3.962
Letheen Broth 20 25 31 16 17 21.800 6.221 21 26 31 17 18 22.600 5.857
Saline 7 12 6 18 11 10.800 4.764 8 12 6 18 12 11.200 4.604
Peptone Salt Diluent 19 8 15 17 12 14.200 4.324 19 9 15 17 14 14.800 3.768
Water 11 15 7 18 18 13.800 4.764 11 15 8 19 19 14.400 4.879
BPW 12 15 15 17 13 14.400 1.949 13 15 15 18 13 14.800 2.049
29°C 44 and 62 hours
C. tropicalis - LOW 
Inoculation Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 18 26 29 16 19 21.600 5.595 18 26 29 17 19 21.800 5.357

0.1% Peptone water (45°C)
23 18 22 14 18 19.000 3.606 23 18 22 14 19 19.200 3.564

Butterfields Buffer 16 16 11 13 21 15.400 3.782 16 16 11 13 21 15.400 3.782
Letheen Broth 18 17 18 20 20 18.600 1.342 20 17 18 20 22 19.400 1.949
Saline 7 12 14 11 16 12.000 3.391 7 12 14 10 15 11.600 3.209
Peptone Salt Diluent 24 21 16 14 11 17.200 5.263 24 21 16 14 11 17.200 5.263
Water 11 13 16 27 14 16.200 6.301 11 13 16 27 16.750 7.136
BPW 9 17 22 15 21 16.800 5.215 9 16 2 15 21 12.600 7.301
24°C 44 and 62 hours

C. tropicalis  - HIGH 
Inoculation Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 59 65 65 62 65 63.200 2.683 60 66 65 63 66 64.000 2.550

0.1% Peptone water (45°C) 49 56 59 57 72 58.600 8.385 50 59 62 60 74 61.000 8.602
Butterfields Buffer 52 45 58 49 63 53.400 7.162 54 45 62 50 63 54.800 7.727
Letheen Broth 47 64 54 48 50 52.600 6.914 47 64 56 50 50 53.400 6.768
Saline 44 39 41 50 38 42.400 4.827 46 39 42 50 38 43.000 5.000
Peptone Salt Diluent 56 58 41 36 35 45.200 11.032 56 61 44 36 35 46.400 11.718
Water 29 38 36 51 30 36.800 8.815 32 42 46 52 31 40.600 9.044
BPW 40 36 39 42 44 40.200 3.033 41 37 39 42 46 41.000 3.391
29°C 44 and 62 hours
C. tropicalis - HIGH 
Inoculation Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 59 60 80 64 69 66.400 8.562 60 60 82 65 70 67.400 9.154

0.1% Peptone water (45°C) 58 72 65 63 54 62.400 6.877 57 72 66 64 57 63.200 6.380
Butterfields Buffer 50 53 59 44 63 53.800 7.463 50 52 59 44 63 53.600 7.503
Letheen Broth 60 49 52 55 65 56.200 6.380 61 50 51 55 65 56.400 6.465
Saline 36 40 52 42 37 41.400 6.387 35 41 53 42 36 41.400 7.162
Peptone Salt Diluent 43 50 44 38 45 44.000 4.301 43 49 45 39 45 44.200 3.633
Water 45 37 35 39 32 37.600 4.879 45 37 35 39 32 37.600 4.879
BPW 53 52 42 51 60 51.600 6.427 53 52 42 50 59 51.200 6.140

44 hours 62 hours

44 hours 62 hours

44 hours 62 hours

44 hours 62 hours

1 
 2 

 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
Table 3.  Summary of Ruggedness Test Results for Geotrichum candidum – Inoculation Level, Incubation 11 
Time, Incubation Temperature, and Dilution Fluid. 12 

7 
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24°C 44 and 62 hours
G. candidum  - LOW Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 9 7 2 9 9 7.200 3.033 9 9 2 11 9 8.000 3.464

0.1% Peptone water (45°C) 9 8 12 8 6 8.600 2.191 10 9 12 10 9 10.000 1.225
Butterfields Buffer 4 2 10 8 2 5.200 3.633 4 2 10 8 4 5.600 3.286
Letheen Broth 7 5 7 11 7 7.400 2.191 11 7 7 14 10 9.800 2.950
Saline 2 3 3 1 3 2.400 0.894 3 5 2 1 3 2.800 1.483
Peptone Salt Diluent 2 1 3 1 3 2.000 1.000 2 2 3 2 3 2.400 0.548
Water 3 3 6 3 3 3.600 1.342 3 3 6 4 3 3.800 1.304
BPW 6 2 4 8 4 4.800 2.280 7 3 6 9 6 6.200 2.168
29°C 44 and 62 hours
G. candidum  - LOW Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 5 9 9 10 4 7.400 2.702 5 10 10 10 5 8.000 2.739

0.1% Peptone water (45°C) 8 7 4 6 6 6.200 1.483 8 6 4 6 6 6.000 1.414
Butterfields Buffer 3 2 8 8 8 5.800 3.033 3 2 8 8 8 5.800 3.033
Letheen Broth 8 12 10 13 9 10.400 2.074 9 12 10 13 9 10.600 1.817
Saline 2 5 2 2 1 2.400 1.517 2 5 3 2 1 2.600 1.517
Peptone Salt Diluent 4 4 1 4 3 3.200 1.304 4 5 1 4 3 3.400 1.517
Water 2 3 1 5 4 3.000 1.581 2 4 1 5 4 3.200 1.643
BPW 7 9 9 3 8 7.200 2.490 7 9 9 7 8 8.000 1.000
24°C 44 and 62 hours
G. candidum  - HIGH Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 29 29 30 16 24 25.600 5.857 36 34 38 19 26 30.600 7.925

0.1% Peptone water (45°C) 26 22 26 34 31 27.800 4.712 31 28 32 37 34 32.400 3.362
Butterfields Buffer 20 28 33 28 24 26.600 4.879 21 29 37 19 27 26.600 7.127
Letheen Broth 28 30 25 29 20 26.400 4.037 34 33 26 26 21 28.000 5.431
Saline 21 14 11 15 14 15.000 3.674 20 15 14 18 16 16.600 2.408
Peptone Salt Diluent 17 22 16 17 16 17.600 2.510 17 24 17 17 17 18.400 3.130
Water 17 16 20 19 18 18.000 1.581 19 17 26 20 21 20.600 3.362
BPW 16 20 16 16 15 16.600 1.949 20 21 21 21 23 21.200 1.095
29°C 44 and 62 hours
G. candidum  - HIGH Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Average Sdev
0.1% Peptone Water 31 28 23 29 33 28.800 3.768 31 28 24 30 33 29.200 3.421

0.1% Peptone water (45°C) 21 24 23 26 25 23.800 1.924 21 24 24 28 25 24.400 2.510
Butterfields Buffer 23 32 21 24 26 25.200 4.207 23 31 21 24 26 25.000 3.808
Letheen Broth 31 30 33 32 29 31.000 1.581 31 29 33 32 30 31.000 1.581
Saline 18 12 18 18 22 17.600 3.578 18 12 18 18 22 17.600 3.578
Peptone Salt Diluent 18 6 13 13 17 13.400 4.722 17 7 13 13 17 13.400 4.099
Water 17 22 20 27 19 21.000 3.808 17 23 21 28 19 21.600 4.219
BPW 26 24 20 21 20 22.200 2.683 26 23 21 21 19 22.000 2.646

44 hours 62 hours

62 hours44 hours

44 hours 62 hours

44 hours 62 hours

1 
 2 
 3 
A General Linear Model statistic was used to compare the ruggedness parameters.  The p values 4 

indicated that there were no significant differences in the results obtained by the Petrifilm RYM Plate 5 

method for the detection of the low or high yeast or mold levels when minor modifications to 6 

incubation temperature (p=0.975), incubation time (p=0.721), dilution buffers (p=0.289) were made.  7 

 8 
Shelf Life and Lot-to-Lot Consistency 9 
3M Petrifilm RYM Plates were made from multiple lots of raw materials and were manufactured at 10 

different times. Sixty different samples representing three different lots of manufacture and shelf life 11 

were created.  One yeast, Candida troplicalis (Microbiologics 45062-1 2015-03), and one mold, 12 

Geotrichum candidum (Microbiologics 519-1-7 2014-07), were tested at high and low inoculum levels.  13 
8 
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One non-target strain, E. coli  ATCC 25922,was tested at a high level inoculum level (target 150 cfu/mL). 1 

For the yeast Candida troplicalis, five replicates were inoculated to Petrifilm RYM Plates achieve the 2 

target level of approximately 50-100 CFU/mL for high level and 10-20 CFU/ml for the low level.  For E. 3 

coli, five replicates were inoculated to achieve target levels of 100-150 CFU/mL for the high level. The 4 

plates were incubated at 25 ± 1ºC for 48 hours and then the colonies were enumerated.  5 

 6 
Table 4.  Summary of Combined Shelf Life and Lot-to-Lot Consistency for Geotrichum candidum at the 7 
Low Inoculation Level. 8 

DRBC Raw 
Count Log10

Petrifilm    
2014-01 KA 
Raw Count Log10

Petrifilm   2014-
01 KB Raw 

Count Log10

Petrifilm   2014-
01 KC Raw 

Count Log10

14 1.146 17 1.230 21 1.322 13 1.114
24 1.380 14 1.146 11 1.041 21 1.322
15 1.176 17 1.230 21 1.322 20 1.301
18 1.255 15 1.176 13 1.114 16 1.204
18 1.255 15 1.176 14 1.146 15 1.176

1.243 1.192 1.189 1.223
t-test 0.422 0.608 0.631  9 

 10 
Table 5.  Summary of Combined Shelf Life and Lot-to-Lot Consistency for Geotrichum candidum at the 11 
High Inoculation Level.  12 

DRBC Raw 
Count Log10

Petrifilm  2014-
01 KA Raw 

Count Log10

Petrifilm  2014-
01 KB Raw 

Count Log10

Petrifilm 
2014-01 KC 
Raw Count Log10

43 1.633 42 1.623 47 1.672 58 1.763
45 1.653 55 1.740 48 1.681 54 1.732
54 1.732 46 1.663 51 1.708 45 1.653
33 1.519 48 1.681 50 1.699 50 1.699
40 1.602 56 1.748 57 1.756 46 1.663

1.628 1.691 1.703 1.702
t-test 0.232 0.128 0.164  13 

 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
Table 6.   Summary of Combined Shelf Life and Lot-to-Lot Consistency for Candida tropicalis at the Low 23 
Inoculation Level.   24 

9 
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DRBC Raw 
Count Log10

Petrifilm    
2014-01 KA 
Raw Count Log10

Petrifilm    
2014-01 KB 
Raw Count Log10

Petrifilm    
2014-01 KC 
Raw Count Log10

18 1.255 17 1.230 18 1.255 21 1.322
17 1.230 9 0.954 21 1.322 20 1.301
22 1.342 20 1.301 16 1.204 19 1.279
21 1.322 15 1.176 13 1.114 24 1.380
12 1.079 21 1.322 17 1.230 14 1.146

1.246 1.197 1.225 1.286
t-test 0.597 0.775 0.200  1 

 2 
Table 7.  Summary of Combined Shelf Life and Lot-to-Lot Consistency for Candida tropicalis at the High 3 
Inoculation Level.   4 

DRBC Raw 
Count Log10

Petrifilm  2014-
01 KA Raw 

Count Log10

Petrifilm  2014-
01 KB           

Raw Count Log10

Petrifilm  
2014-01 KC 
Raw Count Log10

88 1.944 114 2.057 92 1.964 90 1.954
105 2.021 102 2.009 91 1.959 104 2.017
87 1.940 91 1.959 99 1.996 101 2.004
95 1.978 95 1.978 92 1.964 115 2.061
75 1.875 92 1.964 94 1.973 97 1.987

1.952 1.993 1.971 2.005
t-test 0.170 0.520 0.073  5 

 6 

Table 8.  Summary of Combined Shelf Life and Lot-to-Lot Consistency for E. coli  at the High Inoculation 7 
Level.  8 

2014-01 KA 2014-01 KB 2014-01 KC

CFU/plate CFU/plate CFU/plate
1 142 0 0 0 0
2 127 0 0 0 0
3 139 0 0 0 0
4 120 0 0 0 0
5 142 0 0 0 0

Organism Replicate Petrifilm AC
DRBC 
Agar

E. coli   25922 
High 

Inoculation 
Level

   9 
 10 

Summary of Combined Lot-to-Lot and Shelf Life Stability 11 

A paired t-test for equal or unequal variances was conducted to analyze statistical differences between 12 

Lot 2014-01 KA (time 0 shelf life), Lot 2014-01 KB (time 0 shelf life), Lot 2014-01 KC (time 0 month shelf 13 

life).  The p values obtained indicated that there were no significant differences in the results obtained 14 

by the Petrifilm RYM Plate method for the detection of yeast or mold at the low or high level at any 15 

lot/shelf life combination.   The non-target organism, E. coli, was not detected one any of the plates at 16 

10 
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any lot/shelf life combination.  The lot-to-lot /shelf life study is continuing and results will be reported as 1 

they become available. 2 

 Inclusivity Testing  3 

The objective of this experiment was to determine the ability of the 3M Petrifilm RYM Plate method to 4 

detect a variety of yeast and molds.  A total of 19 yeast and 23 molds were tested (Table 9).  Of the 42 5 

organisms tested, 32 of the organisms were obtained from the Microbiologics, Inc. (St. Cloud, MN).  The 6 

10 strains not Microbiologics derived were from 3M culture collections.   While an inclusivity list is not 7 

required for a yeast/mold Performance Tested Method submission, one is included here to demonstrate 8 

the broad range of the yeasts and molds detected by the Petrifilm RYM Count Plate method. 9 

 10 

Inclusivity Testing Methodology 11 

For the organisms obtained from Microbiologics, Inc. as LYFO DISK® preparations, one pellet was added 12 

to 10ml of pre-warmed (37⁰C) 0.1% peptone water and then vortexed until pellet was completely 13 

dissolved.  The pellet suspension was serially diluted as needed (the pellet counts provided by 14 

manufacturer served as guidance in establishing dilution scheme).  The RYM plates were inoculated in 15 

triplicate with 1ml from each dilution to obtain counts within countable range.  The RYM plates were 16 

then incubated at 25°C and enumerated at 48 and 60 hours.  17 

For the pour plates, sterile DRBC (dichloran-rose bengal chloramphenicol agar), tempered to 50-55⁰C, 18 

was added to the dishes and the agar was allowed to solidify at room temperature.  Then, 100µl of each 19 

dilution was added to triplicate DRBC plates and spread with a sterile L shaped spreader.  The plates 20 

were then incubated at 25°C, and enumerated after five days of incubation.   21 

All 42 organisms tested on the Petrifilm RYM Count Plate were detected as typical colonies, yielding a 22 

sensitivity of 100%. 23 

 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
Table 9.  Inclusivity Organisms. 34 

11 
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Organism-Yeasts- 48 hours Source

Y41: Saccharomyces cerevisiae 3M culture collection

Y28: Hansenuela anomala 3M culture collection

Candida albicans 3M culture collection

Rh. Mucaliginosa Microbiologics

Trichosporon mucoides Microbiologics

Candida guillermondii Microbiologics

Saccharomyces lactis Microbiologics

Candida sphaerica Microbiologics

Candida tropicalis Microbiologics

Kluyveromyces lactis ATCC 8563 Microbiologics

Kluyveromyces lactis ATCC 10689 Microbiologics

Debaryomyces hansenii Microbiologics

Candida catenulata ATCC 10565 Microbiologics

Candida glabralta Microbiologics

Candida kefyr ATCC 204093 Microbiologics

Candida krusei ATCC 14243 Microbiologics

Candida lusitaniae ATCC 34449 Microbiologics

Ustilago spp. Microbiologics

Yarrowia lypolitica 3M culture collection  1 

12 
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Organism-Molds- 48 hours Source
Aspergillus niger (M6) (re- classified as 
brasiliensis ) Microbiologics

Aspergillus oryzae Microbiologics

Aspergillus brasiliensis Microbiologics

Paecilomyces  sp (M10) Microbiologics

Penicillium chrysogenum Microbiologics

Geotrichum candidum Microbiologics

Cladosporium spp Microbiologics

Scorulopsiosis acremonium Microbiologics

Mucor racemosus Microbiologics/NCPF

Aspergillus ustus Microbiologics

Aspergillus flavus 3M culture collection

Aspergillus japonicus 3M culture collection

Aspergillus aculeatus 3M culture collection

Aspergillus carbonarius 3M culture collection

Cladosporium herbarum 3M culture collection

Trichoderma virens 3M culture collection

Chaemotium globosum Microbiologics

Geotrichum capitatum Microbiologics  1 
Yeasts and Molds- Slow growing- 60 hrs Source

Zygosaccharomyces rouxii a Microbiologics

Zygosaccharomyces bailii a Microbiologics

Penicillium aurantiogriseum  b Microbiologics

Aspergillus fumigatus c Microbiologics

Botrytis sp (M97)  c Microbiologics  2 
a Z bailii and Z rouxii are slow growing yeasts - require 60 hours at 25 or 28C 3 
b P aurantiogriseum is a slow growing mold - requires 60 hours at 25 or 28C  4 
c: A fumigatus and M97 prefer a higher temperature for growth. These molds are visible on the Rapid Yeast and Mold plates 5 
within 48hrs at 28C but require 60 hours to grow at 25C 6 
 7 

Exclusivity Testing  8 

The objective of this experiment was to illustrate the specificity of the 3M Petrifilm RYM Plate method.  9 

A total of 4 species of bacteria were tested for exclusivity using the Petrifilm RYM Plate method (Table 10 

10).  All 4 species of bacteria were chosen from the 3M culture collection.  While an exclusivity list is not 11 
13 
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required for a yeast/mold Performance Tested Method submission, one is included here.   The list is 1 

abbreviated for the following reasons: 2 

• The antibiotic cocktail in the Petrifilm RYM Count Plate is the same as that for the current 3M™ 3 

Petrifilm™ Yeast and Mold Count Plate.  4 

• There have been no complaints filed for breakthrough of bacteria on the current plate. 5 

• The organisms selected represent both Gram positive and Gram negative organisms that are likely 6 

to be detected if there was breakthrough. 7 

   8 

Exclusivity Testing Methodology  9 

The exclusivity portion consisted of quantifying 4 non-target (bacterial) organisms using the Petrifilm 10 

RYM Plate method.  Non-target (exclusivity) organisms were cultured in Tryptic Soy Broth (TSB) at          11 

35 ± 1 oC for 18 to 22 hours.  Ten-fold serial dilutions for each culture were made 0.1%peptone water to 12 

achieve a target inoculum of 100-150 CFU/mL.  This was performed to verify that the target inoculum of 13 

100-150 CFU/ml was achieved. The dilutions were then plated in triplicate onto Petrifilm RYM Plates and 14 

into sterile Petri dishes, to which ~20 mL of sterile, tempered Tryptic Soy Agar (TSA) was added.  The TSA 15 

plates were swirled to mix and allowed to harden at room temperature. 16 

The RYM plates were incubated at 25°C and enumerated at 48 and 60 hours.  The TSA plates were 17 

incubated at 32°C and the colonies enumerated at 48 hours.  None of the four non-target organisms 18 

were detected on the Petrifilm RYM Plates. 19 

 20 

Table 10.  Exclusivity Organisms 21 
Organism Source

Escherichia coli        
ATCC 25922

3M Culture Collection

Bacillus subtilis       ATCC 
6633

3M Culture Collection

Aeromonas hydrophila 
ATCC 7965 3M Culture Collection

Enterococcus faecalis 
ATCC 14506

3M Culture Collection
 22 

 23 

Inclusivity/Exclusivity Results  24 

The Petrifilm RYM Plate method was used to evaluate 42 target yeasts and molds and 4 non-target 25 

organisms.  All 42 target organisms produced typical (see colonial morphology descriptions listed in 26 

14 
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Table 1) colonies by the Petrifilm RYM Plate method.  There was no growth for any of the 4 non-target 1 

(exclusivity) strains on the Petrifilm RYM Plate method 2 

Method Comparison 3 

A study was conducted to determine the ability of the Petrifilm RYM Plate method to recover and 4 

enumerate yeasts and molds compared to the ISO 21527:2008 parts 1 and 2 and the FDA BAM Chapter 5 

18.   6 

Apparatus and Reagents  7 
(a.) 3M Petrifilm Rapid Yeast and Mold Count Plate – Plates available from 3M Food Safety (St. 8 

Paul, MN), contain chromogenic detection medium and a cold-water-soluble gelling agent. 9 
(b.) Pipets – 1 mL serological pipette or calibrated 1.0 mL positive displacement pipettor, or 3M 10 

Electronic Pipettor and tips, or equivalent, may be used to deliver a 1.0 mL inoculum onto 11 
plates.  12 

(c.) Plastic spreader – Flat spreader available from 3M Food Safety, catalog number 6425.  13 
(d.) Incubator – Capable of maintaining 25° - 28° ± 1°C for 48 ± 1 hours. 14 
(e.) Colony Counter – Standard apparatus, Quebec Model, available from many suppliers, or one 15 

providing equivalent magnification and visibility.  16 
(f.) DRBC Agar 17 
(g.) Stomacher or equivalent 18 
(h.) Appropriate diluent as described in the 3M Petrifilm Yeast and Mold Count Plate Instructions 19 

for Use 20 
 21 

For the method comparison analysis, ten matrices were tested from a single production lot:  Yogurt, 22 

sour cream, almonds, sliced apples, frozen bread dough, ready-made pie, sandwiches, dehydrated soup, 23 

fermented salami and frozen ground beef patties.   For each matrix a minimum 3 lots were analyzed for 24 

the presence of the target analytes. Matrices containing naturally occurring yeasts and molds were 25 

temperature abused in order to get 3 distinctive lots. Naturally contaminated foods (frozen bread 26 

dough, sliced apples, sandwiches) had a target contamination level of low (10-100 CFU/g), medium (100-27 

1,000 CFU/g), and high (1,000-10,000 CFU/g level). For the sliced apples naturally contaminated lots 28 

were held at 2-5°C for one week and diluted with uncontaminated product to reduce contamination 29 

levels. Frozen bread dough was diluted with uncontaminated product to reduce contamination levels. 30 

The sandwiches were held at 2-5°C for 48 hours, for 1 to 2 weeks to achieve three separate lots of 31 

contamination. A total of four lots each of artificially contaminated matrixes (yogurt, sour cream, 32 

almonds, ready-made pie, dehydrated soup, fermented salami and frozen ground beef patties), were 33 

analyzed for the target analyte at the following target levels: uninoculated (0 CFU/g), low (10-100 34 

CFU/g), medium (100-1,000 CFU/g) and high (1,000-10,000 CFU/g). Frozen beef patties, yogurt, and 35 

ready-made pie were inoculated with a broth culture. The broth culture was prepared by transferring a 36 

single colony to yeast mold (YM) broth for 48 hours at 30°C.  The inoculated test portions were mixed 37 
15 
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thoroughly by hand kneading then held to stabilize according to their food type. Perishable foods 1 

(yogurt, sour cream, ready-made pie, and fermented salami) were refrigerated at 2-5°C for 48-72 hrs to 2 

allow time for the organism to equilibrate within the matrix. Frozen beef patties were thawed, 3 

inoculated and held at -20 to -30°C for a minimum of 2 weeks. For shelf stable foods, (almonds, 4 

dehydrated soup) a bulk lot of each matrix was inoculated with a lyophilized culture and stabilized for a 5 

minimum of 2 weeks at room temperature. The lyophilized mold cultures were purchased in pelleted 6 

form (Microbiologics, Inc) crushed and mixed into the test matrix.   7 

 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 

16 
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Table 11.  Matrix Preparation 1 

Matrices Agar 
Type  Inoculating Organism  Stabilization Target Yeast and 

Mold Levels Replicates 

Yogurt DRBCa Kluyveromyces lactis  
ATCC 8563 

2-4 days 
2-6°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

Sour Cream DRBC Geotrichum candidum  
ATCC 34614 

2-4 days 
2-6°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

Almonds 
 DG18b Aspergillus aculeatus 

ATCC 56925 
2 weeks 

25°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

Sliced 
Apples  DRBC Natural n/a 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 

5 
5 
5 

Frozen 
Bread Dough DRBC Natural n/a 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 

5 
5 
5 

Ready-made 
Pie DRBC Hansenuela anomala 

 (3M-Y28) 
2-4 days 

2-6°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

Sandwiches DRBC Natural  n/a 
10-100 cfu/ g 

100-1000 cfu/ g 
1000-10,000 cfu/g 

5 
5 
5 

Dehydrated 
Soup DG18 Paecilomyces spp  

(3M-M10) 
2 weeks 

25°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

Frozen 
Ground Beef 

Patty 
DRBC Trichosporon mucoides  

ATCC 201382 
2 weeks 

-20 to -30°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

Fermented 
Salami DRBC Candida tropicalis  

ATCC 13803 
2-4 days 

2-6°C 

10-100 cfu/ g 
100-1000 cfu/ g 

1000-10,000 cfu/g 
0 cfu/g 

5 
5 
5 
5 

  a DRBC - dichloran-rose bengal chloramphenicol agar 
  b  DG18  -  dichloran 18% glycerol agar 2 

 For the two reference methods, ISO 21527 and FDA BAM, 25 gram test portions were diluted with 225 3 

mL of 0.1% peptone water in a sterile bag, and stomached for 2 minutes. Serial dilutions were prepared 4 

in 0.1% peptone water and aliquots of each dilution were plated in triplicate on dichloran-rose bengal 5 

chloramphenicol agar (DRBC) or dichloran 18% glycerol (DG18) agar for low moisture foods. The agar 6 

plates were incubated for 5-7 days at 25°C. A Quebec Colony counter was used to assist in counting 7 

17 
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colonies and results were reported by averaging counts between triplicate plates. Final results were 1 

presented as colony forming units per gram (CFU/g).  2 

3M Petrifilm Rapid Yeast Mold Plate Method 3 

Paired test portions for each matrix were prepared as described in the ISO and FDA BAM reference 4 

methods.  A 1 mL aliquot of each sample dilution was placed on the RYM Petrifilm.  The top film was 5 

gently lowered and the aliquot was spread with the 3M Petrifilm Flat Spreader.  The plates were left 6 

undisturbed for one minute, and incubated for 48 ±2 hours at 25±1°C.  Typical colonies were 7 

enumerated and reported as CFU/g. The RYM plates were reincubated for an additional 12 hours (60 8 

total hours) and then enumerated using a Quebec colony counter. Typical yeast colonies were small 9 

pink tan or blue green in color with defined edges. Molds s typically formed large blue-green colonies 10 

with diffuse edges.  11 

 12 

RESULTS 13 

For each matrix, the colony forming units/g were converted to log 10 and analyzed. A t-test was 14 

performed using the appropriate assumption for equal or unequal variance to evaluate the mean of the 15 

log10 values for statistical difference between two methods at the 95% confidence level. 16 

Repeatability of the Petrifilm RYM method and the reference methods was calculated as the standard 17 

deviation (Sr) for each contamination level for each matrix. 18 

Yogurt 48 hours  19 

No statistically significant difference was observed between all 3 levels analyzed between the two 20 

methods. The p-values calculated at a 95% confidence level for the low, medium, and high levels were 21 

0.6343, 0.4633, and 0.6776, respectively. The t-test indicated no significant differences between the 3M 22 

RYM method and the ISO and FDA BAM methods. The 3M RYM method had a higher repeatability value 23 

than the ISO and FDA BAM methods for the medium and high levels, with Sr values, respectively, of 24 

0.0279 and 0.0850 for the medium level and 0.0787 and 0.0895 for the high level. For the low level the 25 

ISO and FDA BAM had higher repeatability value compared to the RYM method, with Sr values, 26 

respectively, of 0.1026 and 0.0445. Detailed results are presented in Table 12.  27 

 28 

 29 
 30 
 31 

18 
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Table 12.  Method Comparison Results for Yogurt at 48 Hours. 1 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 2.8 x102 2.4472 2.6x102 2.415

2 2.0 x102 2.301 3.2 x102 2.5051

3 3.0x102 2.4771 3.0 x102 2.4771

4 3.2x102 2.5051 3.2 x102 2.5051

5 3.8x102 2.5798 3.4x102 2.5315

1 2.8 x103 3.4472 2.4x103 3.3802

2 2.4 x103 3.3802 3.6x103 3.5563

3 2.8 x103 3.4472 2.6 x103 3.415

4 2.6 x103 3.415 3.4 x103 3.5315

5 2.6 x103 3.415 2.4 x103 3.3802

1 2.0 x 104 4.301 2.2 x 104 4.3424

2 1.6 x 104 4.2041 1.6 x 104 4.2041

3 2.0 x 104 4.301 2.2 x 104 4.3424

4 1.6 x 104 4.2041 1.4 x 104 4.1461

5 1.3 x 104 4.1139 1.6 x 104 4.2041

p-value Ct/g LOG MEAN Ct/g LOG MEAN

Un
in

oc
ul

at
ed

- - -

Level Sample

3M RYM Petrifilm  ISO/ FDA BAM

- NA

Lo
w

2.462 0.1026 2.4868 0.0445 0.6343

M
ed

iu
m

3.4209 0.0279 3.4526 0.085 0.4633

H
ig

h

4.2248 0.0787 4.2478 0.0895 0.6776  2 
 3 

Yogurt 60 hours 4 

No statistically significant difference was observed between all 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low, medium, and high levels were 6 

0.3973, 0.4633, and 0.6776, respectively. The t-test indicated no significant differences between the 3M 7 

RYM method and the ISO and FDA BAM methods. The 3M RYM method had a higher repeatability value 8 

than the ISO and FDA BAM methods for the medium and high levels, with Sr values, respectively, of 9 

0.0279 and 0.0850 for the medium level and 0.0787 and 0.0895 for the high level. For the low level the 10 

ISO and FDA BAM had higher repeatability value compared to the RYM method, with Sr values, 11 

respectively, of 0.0924 and 0.0445. Detailed results are presented in Table 13. 12 

 13 
14 

19 
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Table 13.  Method Comparison Results for Yogurt at 60 Hours. 1 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 2.8 x102 2.4472 2.6 x102 2.415

2 2.0 x102 2.301 3.2 x 102 2.5051

3 2.8 x102 2.4472 3.0 x1 02 2.4771

4 3.0 x 102 2.4771 3.2 x 102 2.5051

5 3.6 x 102 2.5563 3.4 x 102 2.5315

1 2.8 x103 3.4472 2.4 x103 3.3802

2 2.4 x103 3.3802 3.6 x103 3.5563

3 2.8 x103 3.4472 2.6 x103 3.415

4 2.6 x103 3.415 3.4 x103 3.5315

5 2.6 x103 3.415 2.4 x103 3.3802

1 2.0 x 104 4.301 2.2 x 104 4.3424

2 1.6 x 104 4.2041 1.6 x 104 4.2041

3 2.0 x 104 4.301 2.2 x 104 4.3424

4 1.6 x 104 4.2041 1.4 x 104 4.1461

5 1.3 x 104 4.1139 1.6 x 104 4.2041

H
ig

h

4.2248 0.0787 4.2478 0.0895 0.6776

M
ed

iu
m

3.4209 0.0279 3.4526 0.085 0.4633

NA

Lo
w

2.4458 0.0942 2.4868 0.0445 0.3973

Un
in

oc
ul

at
ed

- - -

Level Sample

3M RYM Petrifilm  ISO / FDA BAM

-

p-value Ct/g LOG MEAN Ct/g LOG MEAN

 2 
 3 
Sour Cream 48 and 60 hours 4 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.8528 6 

and 0.3007. The 3M RYM method had a higher repeatability value than the ISO and FDA BAM methods 7 

for the low and medium levels, with Sr values, respectively, of 0.0681 and 0.0733 for the low level and 8 

0.3970 and 0.4310 for the medium level. The t-test indicated a significant difference between the 3M 9 

RYM method and the ISO and FDA BAM methods on the high level with a p-value of 0.0457. The means 10 

were 2.9943 for the 3M RYM method and 3.1259 for the ISO and FDA BAM methods.  For the high level 11 

the ISO and FDA BAM had higher repeatability values compared to the RYM method, with Sr values, 12 

respectively, of 0.0367 and 0.1050. Detailed results are presented in Table 14. 13 
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Table 14.  Method Comparison Results for Sour Cream at 48 and 60 Hours.  1 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 8.2x101 1.9138 9.2 x 101 1.9638

2 1.0x101 1.0000 1.0 x 101 1.0000

3 1.0x101 1.0000 1.0 x 101 1.0000

4 1.0x101 1.0000 1.0 x 101 1.0000

5 2.0x101 1.301 1.0x 101 1.0000

1 1.0x102 2.0000 5.4 x 103 1.8451

2 7.0x101 1.8451 2.7 x 103 2.0000

3 8.0x101 1.9031 3.2 x 103 1.9542

4 9.0x101 1.9542 5.6 x 103 2.0414

5 7.0x101 1.8451 4.0 x 103 1.9542

1 1.2 x 103 3.0792 3.9 x 104 3.1761

2 7.5 x 102 2.8751 2.6 x 104 3.0792

3 1.0 x 103 3.0000 4.2 x 104 3.1139

4 8.0 x 102 2.9031 3.8 x 104 3.1461

5 1.3 x 103 3.1139 3.4 x 104 3.1139

p-value Ct/g LOG MEAN Ct/g LOG MEAN

Un
in

oc
ul

at
ed

- - -

Level Sample

3M RYM Petrifilm  ISO/FDA BAM

- NA

Lo
w

1.243 0.397 1.1928 0.431 0.8528

M
ed

iu
m

1.9095 0.0681 1.959 0.0733 0.3007

H
ig

h

2.9943 0.105 3.1259 0.0367 0.0457  2 
 3 

Almonds 48 and 60 hours  4 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.1471 6 

and 0.0661. The t-test indicated a significant difference between the 3M RYM method and the ISO and 7 

FDA BAM methods on the high level with a p-value of 0.0045. The 3M RYM method had a higher 8 

repeatability value than the ISO and FDA BAM methods for the low and high levels, with Sr values, 9 

respectively, of 0.0788 and 0.2220 for the low level and 0.0331 and 0.0603 for the high level.  For the 10 

medium level the ISO and FDA BAM had higher repeatability values compared to the RYM method, with 11 

Sr values, respectively, of 0.0885 and 0.0590. Detailed results are presented in Table 15. 12 
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Table 15.  Method Comparison Results for Almonds at 48 and 60 Hours.    1 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 2.0x101 1.301 2.0x101 1.301

2 2.0x101 1.301 1.0x101 1.0000

3 3.0x101 1.4771 3.0x101 1.4771

4 2.0x101 1.301 1.0x101 1.0000

5 2.0x101 1.301 2.0x101 1.0000

1 1.4x102 2.1461 1.0 x 103 2.301

2 1.4 x102 2.1461 1.4 x 103 2.301

3 2.3 x102 2.3617 1.3 x 103 2.415

4 1.6 x102 2.2041 1.0 x 103 2.3222

5 1.7x102 2.2304 2.3 x 103 2.2553

1 6.2 x 102 2.7924 5.0 x 104 2.699

2 6.8 x 102 2.8325 6.2 x 104 2.6435

3 6.0 x 102 2.7782 5.8 x 104 2.6335

4 6.2 x 102 2.7924 4.9 x 104 2.6902

5 7.2 x 102 2.8573 5.3 x 104 2.7853

p-value Ct/g LOG MEAN Ct/g LOG MEAN

Un
in

oc
ul

at
ed

- - -

Level Sample

3M RYM Petrifilm  ISO/FDA BAM

- NA

Lo
w

1.3362 0.0788 1.1556 0.222 0.1471

M
ed

iu
m

2.2177 0.0885 2.3189 0.059 0.0661

H
ig

h

2.8106 0.0331 2.6903 0.0603 0.0045  2 
 3 

Sliced Apples 48 hours  4 

No statistically significant difference was observed between all 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low, medium, and high levels were 6 

0.8546, 0.5476, and 0.1104, respectively. The t-test indicated no significant differences between the 3M 7 

RYM method and the ISO and FDA BAM methods. The 3M RYM method had a higher repeatability value 8 

than the ISO and FDA BAM methods for the all levels, with Sr values, respectively, of 0.2519 and 0.3476 9 

for the low level, 0.2367 and 0.3799 for the medium level, and 0.1187 and 0.1555for the high level. 10 

Detailed results are presented in Table 16. 11 
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Table 16.  Method Comparison Results for Sliced Apples at 48 Hours.    1 

SD SD
(Sr) (Sr)

1 4.0 x101 1.6021 4.0x101 1.6021

2 1.0 x101 1.0000 1.0 x101 1.0000

3 1.0x101 1.0000 1.0 x101 1.0000

4 2.0x101 1.301 <10 <0

5 2.0x101 1.301 <10 <0

1 4.4 x102 2.6435 4.6x102 2.6628

2 1.2 x102 2.0792 1.1x102 2.0414

3 1.4 x102 2.1461 1.1 x102 2.0414

4 1.2 x102 2.0792 4.0 x101 1.6021

5 1.6 x102 2.2041 1.5 x102 2.1761

1 1.8 x 104 4.2553 3.0 x 104 4.4771

2 1.6 x 104 4.2041 1.9 x 104 4.2788

3 2.5 x 104 4.3979 3.6 x 104 4.5563

4 2.6 x 104 4.415 4.1x 104 4.6128

5 1.4 x 104 4.1461 1.9 x 104 4.2788

p-value Ct/g LOG MEAN Ct/g LOG MEAN

Lo
w

1.2408 0.2519 1.2007

Level Sample

3M RYM Petrifilm  ISO/FDA BAM

0.3476 0.8546

M
ed

iu
m

2.2304 0.2367 2.4414 0.3799 0.5476

H
ig

h

4.2837 0.1187 4.4407 0.1555 0.1104  2 
 3 

Sliced Apples 60 hours  4 

No statistically significant difference was observed between all 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low, medium, and high levels were 6 

0.8546, 0.3675, and 0.1104, respectively. The t-test indicated no significant differences between the 3M 7 

RYM method and the ISO and FDA BAM methods. The 3M RYM method had a higher repeatability value 8 

than the ISO and FDA BAM methods for the all levels, with Sr values, respectively, of 0.2519 and 0.3476 9 

for the low level, 0.2133 and 0.3799 for the medium level, and 0.1187 and 0.1555 for the high level. 10 

Detailed results are presented in Table 17. 11 
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Table 17.  Method Comparison Results for Sliced Apples at 60 Hours.    1 

SD SD
(Sr) (Sr)

1 4.0 x101 1.6021 4.0x101 1.6021

2 1.0 x101 1.0000 1.0 x101 1.0000

3 1.0x101 1.0000 1.0 x101 1.0000

4 2.0x101 1.301 <10 <0

5 2.0x101 1.301 <10 <0

1 4.4 x102 2.6435 4.6x102 2.6628

2 1.5 x102 2.1761 1.1x102 2.0414

3 1.4 x102 2.1461 1.1 x102 2.0414

4 1.4 x102 2.1461 4.0 x101 1.6021

5 2.2x102 2.3424 1.5 x102 2.1761

1 1.8 x 104 4.2553 3.0 x 104 4.4771

2 1.6 x 104 4.2041 1.9 x 104 4.2788

3 2.5 x 104 4.3979 3.6 x 104 4.5563

4 2.6 x 104 4.415 4.1x 104 4.6128

5 1.4 x 104 4.1461 1.9 x 104 4.2788

H
ig

h

4.2837 0.1187 4.4407 0.1555 0.1104

0.8546

M
ed

iu
m

2.2908 0.2133 2.4414 0.3799 0.3675

L
ow

1.2408 0.2519 1.2007

Level Sample

3M RYM Petrifilm  ISO/FDA BAM

0.3476

p-value Ct/g LOG MEAN Ct/g LOG MEAN

 2 
 3 

Frozen Bread Dough 48 hours 4 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.9389 6 

and 0.2490. The t-test indicated a significant difference between the 3M RYM method and the ISO and 7 

FDA BAM methods on the high level with a p-value of 0.0020. The 3M RYM method had a higher 8 

repeatability value than the ISO and FDA BAM methods for the medium and high levels, with Sr values, 9 

respectively, of 0.0628 and 0.2073 for the medium level and 0.1136 and 0.1690 for the high level. For 10 

the low level the ISO and FDA BAM had higher repeatability values compared to the RYM method, with 11 

Sr values, respectively, of 0.0873 and 0.1116. Detailed results are presented in Table 18. 12 
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Table 18.   Method Comparison Results for frozen Bread Dough at 48 Hours.   1 

SD SD
(Sr) (Sr)

1 2.2 x102 2.3424 2.1 x102

2 1.8 x102 2.2553 2.1 x102

3 2.1 x102 2.3222 1.9 x102

4 2.0x102 2.301 2.3 x102

5 3.5 x102 2.5441 3.2 x102

1 2.8 x103 3.4472 2.0 x103

2 2.4 x103 3.3802 2.3 x103

3 2.6 x103 3.415 2.2 x103

4 2.4 x103 3.3802 9.4 x102

5 3.4 x103 3.5315 3.5 x103

1 2.5 x 104 4.3979 1.8 x 104

2 2.2 x 104 4.3424 8.0 x 103

3 2.1 x 104 4.3222 8.6 x 103

4 1.8 x 104 4.2553 6.5 x 103

5 3.6 x 104 4.5563 8.3 x 103

3M RYM Petrifilm  ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

L
ow

2.353 0.1116

2.3222

2.358

Level Sample

0.2073 0.249

3.3617
3.3424

0.0873 0.9389

2.3222
2.2788
2.3617
2.5051

0.1136 3.965 0.169 0.002

M
ed

iu
m

3.4308 0.0628

3.301

3.3045

4.2553
3.9031
3.9345
3.8129
3.9191

2.9731
3.5441

H
ig

h

4.37482 
  3 

Frozen Bread dough 60 hours 4 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.6873 6 

and 0.2274. The t-test indicated a significant difference between the 3M RYM method and the ISO and 7 

FDA BAM methods on the high level with a p-value of 0.0015. The 3M RYM method had a higher 8 

repeatability value than the ISO and FDA BAM methods for the medium and high levels, with Sr values, 9 

respectively, of 0.0608 and 0.2073 for the medium level and 0.1154 and 0.1690 for the high level. For 10 

the low level the ISO and FDA BAM had higher repeatability values compared to the RYM method, with 11 

Sr values, respectively, of 0.0873 and 0.1054. Detailed results are presented in Table 19. 12 
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Table 19.   Method Comparison Results for frozen Bread Dough at 60 Hours. 1 

SD SD
(Sr) (Sr)

1 2.2 x102 2.3424 2.1 x102

2 1.9 x102 2.2788 2.1 x102

3 2.5 x102 2.3979 1.9 x102

4 2.2 x102 2.3424 2.3 x102

5 3.6 x102 2.5563 3.2 x102

1 2.9 x103 3.4624 2.0 x103

2 2.5 x103 3.3979 2.3 x103

3 2.6 x103 3.415 2.2 x103

4 2.4 x103 3.3802 9.4 x102

5 3.4 x103 3.5315 3.5 x103

1 2.6 x 104 4.415 1.8 x 104

2 2.5 x 104 4.3979 8.0 x 103

3 2.1 x 104 4.3222 8.6 x 103

4 1.9 x 104 4.2788 6.5 x 103

5 3.8 x 104 4.5798 8.3 x 103

ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g MEAN

L
ow

2.3836 0.1054 2.358

Level Sample

3M RYM Petrifilm  

0.0873 0.6873

M
ed

iu
m

3.4374 0.0608 3.3045 0.2073 0.2274

H
ig

h

4.3987 0.1154 3.965 0.169 0.00152 
    3 

Ready-made Pie 48 hours  4 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.5370 6 

and 0.4128. The t-test indicated a significant difference between the 3M RYM method and the ISO and 7 

FDA BAM methods on the high level with a p-value of 0.0001. The 3M RYM method had a higher 8 

repeatability value than the ISO and FDA BAM methods for the low, medium, and high levels, with Sr 9 

values, respectively, of 0.1649 and 0.1783 for the low level and 0.1457 and 0.1482 for the medium level, 10 

and 0.0324 and 0.0433 for the high level. Detailed results are presented in Table 20. 11 
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Table 20.  Method Comparison Results for Ready-made Pie at 48 Hours. 1 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 2.0x101 1.301 1.0x101 1.0000

2 1.0x101 1.0000 2.0x101 1.301

3 1.0x101 1.0000 2.0x101 1.301

4 1.0x101 1.0000 <10 <0

5 2.0x101 1.301 <10 <0

1 1.2x102 2.0792 1.0 x 103 2.0000

2 1.4 x102 2.1461 1.4 x 103 2.1461

3 1.2 x102 2.0792 1.3 x 103 2.1139

4 2.1x102 2.3222 1.0 x 103 2.0000

5 2.5x102 2.3979 2.3 x 103 2.3617

1 7.2 x 103 3.8573 5.0 x 104 3.699

2 7.7 x 102 3.8865 6.2 x 104 3.7924

3 8.0 x 103 3.9031 5.8 x 104 3.7634

4 7.6 x 102 3.8808 4.9 x 104 3.6902

5 8.8 x 103 3.9445 5.3 x 104 3.7243

H
ig

h

3.8944 0.0324 3.7339 0.0433 0.0001

M
ed

iu
m

2.2049 0.1467 2.1244 0.1482 0.4128

- NA

L
ow

1.1204 0.1649 1.2007 0.1738 0.537

U
ni

no
cu

la
te

d

- - -

Level Sample

3M RYM Petrifilm  ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

 2 
Ready-made Pie 60 hours  3 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 4 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.5370 5 

and 0.3651. The t-test indicated a significant difference between the 3M RYM method and the ISO and 6 

FDA BAM methods on the high level with a p-value of 0.0001. The 3M RYM method had a higher 7 

repeatability value than the ISO and FDA BAM methods for the low, medium, and high levels, with Sr 8 

values, respectively, of 0.1399 and 0.1482 for the low level and 0.1649 and 0.1482 for the medium level, 9 

and 0.0282 and 0.0433 for the high level. Detailed results are presented in Table 21. 10 

 11 
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007 0.1738 0.537


Table 21.  Method Comparison Results for Ready-made Pie at 60 Hours. 1 
 2 

 3 

Sandwiches 48 hours  4 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 5 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.6033 6 

and 0.4879. The t-test indicated a significant difference between the 3M RYM method and the ISO and 7 

FDA BAM methods on the high level with a p-value of 0.0290. The 3M RYM method had a higher 8 

repeatability value than the ISO and FDA BAM methods for the high level, with Sr values, respectively, of 9 

0.0494 and 0.1363. The ISO and FDA BAM methods had a higher repeatability values than the 3M RYM 10 

method for the low and medium levels, with Sr values, respectively, of 0.2270 and 0.2692 for the low 11 

level and 0.0522 and 0.1535 for the medium level. Detailed results are presented in Table 22. 12 

Table 22 .  Method Comparison Results for Sandwiches at 48 Hours. 13 

SD SD
(Sr) (Sr)

1 2.0 x101 1.301 4.0x101 1.6021

2 4.0 x101 1.6021 3.0 x101 1.4771

3 4.0x101 1.6021 2.0 x101 1.301

4 4.0x101 1.6021 2.0 x101 1.301

5 1.0x101 1.0000 1.0x101 1.0000

1 3.6 x102 2.5563 2.7x102 2.4314

2 3.2 x102 2.5051 2.7x102 2.4314

3 1.6 x102 2.2041 2.5 x102 2.3979

4 2.6 x102 2.415 2.6 x102 2.415

5 1.8 x102 2.2553 3.4 x102 2.5315

1 1.1 x 104 4.0414 1.1 x 104 4.0414

2 1.1 x 104 4.0414 1.4 x 104 4.1461

3 9.1 x 103 3.959 2.6 x 104 4.415

4 1.1 x 104 4.0414 1.6 x 104 4.2041

5 8.8 x 103 3.9445 1.6 x 104 4.2041

ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

L
ow

1.4214 0.2692 1.3362

Level Sample

3M RYM Petrifilm  

0.227 0.6033

M
ed

iu
m

2.3872 0.1535 2.4414 0.0522 0.4879

H
ig

h

4.0055 0.0494 4.2021 0.1363 0.029  14 
 15 
Sandwiches 60 hours  16 

No statistically significant difference was observed between 2 of the 3 levels analyzed between the two 17 

methods. The p-values calculated at a 95% confidence level for the low and medium levels were 0.6033 18 
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and 0.4879. The t-test indicated a significant difference between the 3M RYM method and the ISO and 1 

FDA BAM methods on the high level with a p-value of 0.0308. The 3M RYM method had a higher 2 

repeatability value than the ISO and FDA BAM methods for the high level, with Sr values, respectively, of 3 

0.0396 and 0.1363 for the high level. The ISO and FDA BAM method had a higher repeatability values 4 

than the 3M RYM method for the low and medium levels, with Sr values, respectively, of 0.2270 and 5 

0.2692 for the low level and 0.0522 and 0.1535 for the medium level. Detailed results are presented in  6 

Table 23. 7 

 8 

 9 

 10 

Table 23.  Method Comparison Results for Sandwiches at 60 Hours. 11 

SD SD
(Sr) (Sr)

1 2.0 x101 1.301 4.0x101 1.6021

2 4.0 x101 1.6021 3.0 x101 1.4771

3 4.0x101 1.6021 2.0 x101 1.301

4 4.0x101 1.6021 2.0 x101 1.301

5 1.0x101 1.0000 1.0x101 1.0000

1 3.6 x102 2.5563 2.7x102 2.4314

2 3.2 x102 2.5051 2.7x102 2.4314

3 1.6 x102 2.2041 2.5 x102 2.3979

4 2.6 x102 2.415 2.6 x102 2.415

5 1.8 x102 2.2553 3.4 x102 2.5315

1 1.1 x 104 4.0414 1.1 x 104 4.0414

2 1.1 x 104 4.0414 1.4 x 104 4.1461

3 9.6 x 103 3.9823 2.6 x 104 4.415

4 1.1 x 104 4.0414 1.6 x 104 4.2041

5 9.1 x 103 3.959 1.6 x 104 4.2041

ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

L
ow

1.4214 0.2692 1.3362

Level Sample

3M RYM Petrifilm  

0.227 0.6033

M
ed

iu
m

2.3872 0.1535 2.4414 0.0522 0.4879

H
ig

h

4.0131 0.0396 4.2021 0.1363 0.030812 
 13 

Dehydrated Soup 48 and 60 hours  14 

For dehydrated soup, the 3M RYM method recovered 3 separate levels of the target organism, but no 15 

recovery of the target analyte was detected by the reference methods. The 3M RYM plates recovered 16 

an average of 1.2760 logs for the low level, with a standard deviation of 0.1721. The medium level had 17 

an average of 2.4234 logs with a standard deviation of 0.1132. The high level had an average of 2.9145 18 
29 
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logs with a standard deviation of 0.1366. Only one typical colony morphology, large blue colonies with 1 

dark centers and diffuse edges, was observed on the 3M RYM plates.  That colony morphology matched 2 

the morphology of the inoculating organisms, Paecilomyces.  Further macroscopic and microscopic 3 

investigation into the culture verified that it was Paecilomyces. Detailed results are in Table 24. 4 

 5 

 6 

 7 

 8 

 9 
 10 
Table 24.  Method Comparison Results for Dehydrated Soup at 48 and 60 Hours. 11 

SD SD
(Sr) (Sr)

1 2.0 x101 1.301 <10 <0

2 3.0 x101 1.4771 <10 <0

3 1.0x101 1.0000 <10 <0

4 2.0x101 1.301 <10 <0

5 2.0x101 1.301 <10 <0

1 3.1 x102 2.4914 <10 <0

2 3.4 x102 2.5315 <10 <0

3 2.3 x102 2.3617 <10 <0

4 3.0 x102 2.4771 <10 <0

5 1.8 x102 2.2553 <10 <0

1 1.3 x 104 3.1139 <10 <0

2 7.2 x 104 2.8573 <10 <0

3 9.9 x 104 2.9956 <10 <0

4 6.4 x 104 2.8062 <10 <0

5 6.3 x 104 2.7993 <10 <0

ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

L
ow

1.276 0.1721 -

Level Sample

3M RYM Petrifilm  

- NA

M
ed

iu
m

2.4234 0.1132 - - NA

H
ig

h

2.9145 0.1366 - - NA  12 
 13 

Fermented Salami 48 hours  14 

No statistical difference was observed between all 3 levels analyzed between the two methods. The p-15 

values calculated at a 95% confidence level for the low, medium, and high levels were 0.7354, 0.7194, 16 

and 0.0805, respectively. One outlier was identified by the Cochran and Grubs test for outliers. The t-17 

test indicated no significant differences between the 3M RYM method and the ISO/FDA BAM methods. 18 
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The ISO/FDA BAM method had a lower repeatability value than the 3M RYM method for all three levels, 1 

with Sr values, respectively, of 0.4273 and 0.4671 for the low level, 0.0554 and 0.0686 for the medium 2 

level, and 0.0352 and 0.0385 for the high level. Detailed results are presented in Table 25. 3 

 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
Table 25.  Method Comparison Results for Fermented Salami at 48 Hours. 13 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 <10 <0 <10 <0

2 9.5 x101 1.9777 1.0x102 2.0000

3 1.0x101 1.0000 2.0 x101 1.3010

4 1.0x101 1.0000 1.0 x101 1.0000

5 3.0x101 1.4771 4.0x101 1.6021

1 3.2 x102 2.5051 3.4x102 2.5315

2 3.6 x102 2.5563 3.4x102 2.5315

3 3.9 x102 2.5911 3.2 x102 2.5051

4 3.0 x102 2.4771 2.5 x102 2.3979

5 2.6 x102 2.415 3.2x102 2.5051

1 2.5 x 103 3.3979 3.5 x 104 3.3010

2 2.6 x 103 3.4150 4.3 x 104 3.3802

3 2.6 x 103 3.4150 4.9 x 104 3.3802

4 2.2 x 103 3.3424 4.5x 104 3.3424

5 2.8 x 103 3.4472 5.2 x 104 3.3802

ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

U
ni

no
cu

la
te

d

- - -

Level Sample

3M RYM Petrifilm  

- NA

L
ow

1.3637 0.4671 1.4758 0.4273 0.7354

M
ed

iu
m

2.5089 0.0686 2.4942 0.0554 0.7194

H
ig

h

3.4035 0.0385 3.3568 0.0352 0.0805  14 
 15 

Fermented salami 60 hours  16 
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No statistically significant difference was observed between all 3 levels analyzed between the two 1 

methods. The p-values calculated at a 95% confidence level for the low and medium levels and high 2 

levels were 0.1461, 0.7194, and 0.0837, respectively. The t-test indicated no significant differences 3 

between the 3M RYM method and the ISO and FDA BAM methods. The ISO/FDA BAM method had a 4 

lower repeatability value than the 3M RYM method for all levels, with Sr values, respectively, of 5 

0.4273and 0.5072 for the low level and 0.0554 and 0.0686 for the medium level, and 0.0481 and 0.0352 6 

for the high level. Detailed results are presented in Table 26.  7 

 8 
 9 
 10 
 11 
 12 
Table 26.  Method Comparison Results for Fermented Salami at 60 Hours. 13 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 <10 <0 <10 <0

2 1.1 x102 2.0414 1.0x102 2.0000

3 1.0x101 1.0000 2.0 x101 1.3010

4 1.0x101 1.0000 1.0 x101 1.0000

5 4.0x101 1.6021 4.0x101 1.6021

1 3.2 x102 2.5051 3.4x102 2.5315

2 3.6 x102 2.5563 3.4x102 2.5315

3 3.9 x102 2.5911 3.2 x102 2.5051

4 3.0 x102 2.4771 2.5 x102 2.3979

5 2.6 x102 2.415 3.2x102 2.5051

1 2.5 x 103 3.3979 3.5 x 104 3.301

2 2.6 x 103 3.415 4.3 x 104 3.3802

3 2.6 x 103 3.415 4.9 x 104 3.3802

4 2.2 x 103 3.3424 4.5x 104 3.3424

5 3.0 x 103 3.4771 5.2 x 104 3.3802

H
ig

h

3.4095 0.0481 3.3568 0.0352 0.0837

M
ed

iu
m

2.5089 0.0686 2.4942 0.0554 0.7194

- NA

L
ow

1.4109 0.5072 1.4758 0.4273 0.1461

U
ni

no
cu

la
te

d

- - -

Level Sample

3M RYM Petrifilm  ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

 14 
 15 
Frozen Ground Beef Patties 48 hours  16 
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No statistically significant difference was observed between all 3 levels analyzed between the two 1 

methods. The p-values calculated at a 95% confidence level for the low, medium, and high levels were 2 

0.4824, 0.7657, and 0.0613. The t-test indicated no significant differences between the 3M RYM method 3 

and the ISO and FDA BAM methods. The 3M RYM method had a lower repeatability value than the ISO 4 

and FDA BAM methods for the high level, with Sr values, respectively, of 0.0276 and 0.0538. The ISO and 5 

FDA BAM methods had lower repeatability values than the 3M RYM for the low and medium levels with 6 

Sr values respectively, of 0.1390 and 0.2270 for the low level and 0.1104 and 0.1214 for the medium 7 

level.  Detailed results are presented in Table 27. 8 

 9 

 10 
 11 
Table 27.  Method Comparison Results for Frozen Ground Beef Patties at 48 Hours. 12 

SD SD
(Sr) (Sr)

1 <10 <0 <10 <0
2 <10 <0 <10 <0
3 <10 <0 <10 <0
4 <10 <0 <10 <0
5 <10 <0 <10 <0

1 4.0x101 1.6021 5.0 x101 1.699

2 2.0x101 1.301 5.0x101 1.699

3 4.0x101 1.6021 5.0 x101 1.699

4 6.0x101 1.7782 4.0 x101 1.6021

5 8.0x101 1.9031 8.0x101 1.9031

1 1.9x102 2.2788 2.2x102 2.3424

2 2.2 x102 2.3424 2.3x102 2.3617

3 2.0 x102 2.301 1.6 x102 2.2041

4 1.8 x102 2.2553 3.9 x102 2.5911

5 3.6x102 2.5563 2.3x102 2.3617

1 5.0 x 103 3.699 3.5 x 104 3.5441

2 4.4 x 103 3.6435 4.3 x 104 3.6335

3 5.2 x 103 3.716 4.9 x 104 3.6902

4 5.0 x 103 3.699 4.5x 104 3.6532

5 4.8 x 103 3.6812 5.2 x 104 3.6232

ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

U
ni

no
cu

la
te

d

- - -

Level Sample

3M RYM Petrifilm  

- NA

L
ow

1.6373 0.227 1.7204 0.1104 0.7482

M
ed

iu
m

2.3468 0.1215 2.3722 0.139 0.7657

H
ig

h

3.6877 0.0276 3.6288 0.0538 0.0613  13 
 14 

Frozen Ground Beef Patties 60 hours  15 
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No statistically significant difference was observed between all 3 levels analyzed between the two 1 

methods. The p-values calculated at a 95% confidence level for the low, medium, and high levels were 2 

0.7542, 0.9330, and 0.0613. The t-test indicated no significant differences between the 3M RYM method 3 

and the ISO and FDA BAM methods. The 3M RYM method had a lower repeatability value than the ISO 4 

and FDA BAM methods for the high level, with Sr values, respectively, of 0.0276 and 0.0538. The ISO and 5 

FDA BAM methods had a lower repeatability value than the 3M RYM for the low and medium levels with 6 

Sr values of 0.1390 and 0.1630 for the low level and 0.1104 and 0.1214 for the medium level.  Detailed 7 

results are presented in Table 28. 8 

 9 

 10 

Table 28 .  Method Comparison Results for Frozen Ground Beef Patties at 60 Hours. 11 

SD SD
(Sr) (Sr)

1 <10 <0 <10
2 <10 <0 <10
3 <10 <0 <10
4 <10 <0 <10

5 <10 <0 <10

1 4.0x101 1.6021 5.0 x101

2 3.0x101 1.4771 5.0x101

3 5.0x101 1.699 5.0 x101

4 6.0x101 1.7782 4.0 x101

5 8.0x101 1.9031 8.0x101

1 2.0 x102 2.301 2.2x102

2 2.2 x102 2.3424 2.3x102

3 2.0 x102 2.301 1.6 x102

4 2.0 x102 2.301 3.9 x102

5 3.8x102 2.5798 2.3x102

1 5.0 x 103 3.699 3.5441

2 4.4 x 103 3.6435 3.6335

3 5.2 x 103 3.716 3.6902

4 5.0 x 103 3.699 3.6532

5 4.8 x 103 3.6812 3.6232

3M RYM Petrifilm  ISO/FDA BAM

p-value Ct/g LOG MEAN Ct/g LOG MEAN

U
ni

no
cu

la
te

d

- -

<0

-

Level Sample

- NA

<0
<0
<0
<0

L
ow

1.6919 0.163

1.699

1.7204 0.1104 0.7542

1.699
1.699
1.6021
1.9031

M
ed

iu
m

2.3451 0.1214

2.3424

2.3722 0.1309 0.933

2.3617
2.2041
2.5911
2.3617

H
ig

h

3.6877 0.0276

3.5 x 104

3.6288 0.0538 0.0613

4.3 x 104

4.9 x 104

4.5x 104

5.2 x 104
 12 

 13 

Independent Laboratory Study 14 
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The independent laboratory study was conducted at Aegis laboratories, North Sioux City, South Dakota.  1 

The study was conducted according to the approved protocol outlined in Figures 1 and 2 below.  2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 
 11 
 12 
Figure 1. 3M Petrifilm RYM Plate vs. ISO (ISO 21527:2008 parts 1 and 2 )and BAM Reference Methods  13 
( FDA BAM Chapter 18) – High Water Activity Foods: Yogurt, frozen ground beef patty.   14 
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Lot 1
10-100 cfu/g

Lot 2
100-1000 cfu/g

Lot 3
1000-10,000 cfu/g

Estimate 
Yeast/Mold 

Count

Total Aerobic 
Count

Estimate 
Yeast/Mold 

Count

Total Aerobic 
Count

Estimate 
Yeast/Mold 

Count

Total Aerobic 
Count

Petrifilm 
RYM ISO&BAM

Inoculate
Petrifilm RYM 
with 1.0 ml of 

each dilution in 
duplicate, 

spread with 3M 
spreader

Homogenize 25g+225mL 
0.1% peptone water

Serially dilute each of 5 
samples 10-1 to 10-6 in 0.1% 

peptone water

Spread 0.1 ml of 
each dilution in 

triplicate on 
DRBC

Incubate 
48±2hr @ 
25±1C, if 

colonies faint, 
incubate 

another 12 hr

Incubate 5-7 
days @ 25C

Record colony 
count of yeast 

and mold 
separately

Record colony 
count of yeast 

and mold 
separately

Petrifilm 
RYM

Incubate 5-7 
days @ 25C

Record colony 
count of yeast 

and mold 
separately

Record colony 
count of yeast 

and mold 
separately

Petrifilm 
RYM

Incubate 5-7 
days @ 25C

Record colony 
count of yeast 

and mold 
separately

Record colony 
count of yeast 

and mold 
separately

Homogenize 25g+225mL 
0.1% peptone water

Serially dilute each of 5 
samples 10-1 to 10-6 in 0.1% 

peptone water

Homogenize 25g+225mL 
0.1% peptone water

Serially dilute each of 5 
samples 10-1 to 10-6 in 0.1% 

peptone water

Incubate 
48±2hr @ 
25±1C, if 

colonies faint, 
incubate 

another 12 hr

Incubate 
48±2hr @ 
25±1C, if 

colonies faint, 
incubate 

another 12 hr

ISO&BAMISO&BAM

Inoculate
Petrifilm RYM 
with 1.0 ml of 

each dilution in 
duplicate, 

spread with 3M 
spreader

Inoculate
Petrifilm RYM 
with 1.0 ml of 

each dilution in 
duplicate, 

spread with 3M 
spreader

Spread 0.1 ml of 
each dilution in 

triplicate on 
DRBC

Spread 0.1 ml of 
each dilution in 

triplicate on 
DRBC

 
1 

 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 

 10 
 11 

METHOD COMPARISON TESTING 12 
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Yeast strains specified for use in this independent validation study were obtained from Microbiologics, 1 

Inc.  One technician prepared samples and a second technician performed the assays on “blind” coded 2 

samples.  3 

All samples were fully randomized and labeled with a code so that the analyst performing the assays 4 

was unaware of the level or type of bacterial culture present.   5 

Test Organisms 6 

Trichosporon mucoides (ATCC® 201382™) and Kluyveromyces lactis (ATCC  8563) were grown 7 

individually in YM broth.  Serial dilutions were prepared in tubes of sterile distilled water diluent to 8 

achieve an inoculation level of 10-100, 100-1000, 1000-10000 CFU/g in each of the foods. 9 

Product Inoculation 10 
 11 

Frozen beef patties were inoculated in bulk with T. mucoides (Table 30) to have a target of 10-100, 100-12 

1000.1000-10000 CFU/g of the culture in the product, thoroughly mixed, and stored at -20°C for 2 13 

weeks. The yogurt was inoculated K. lactis (Table 29) for a target of 10000-CFU/g of culture, mixed and 14 

diluted with uninoculated yogurt for 2 additional target levels of culture of 10-100 CFU/g and 100-1000 15 

CFU/g. 16 

 17 

Aerobic Plate Count 18 

One 25g sample of each lot of uninoculated frozen ground beef patties and yogurt was analyzed 19 

for aerobic plate count (AOAC 990.12). 20 

 21 

Microbial Analysis 22 

A 1:10 dilution of each 25g sample was prepared with 225ml of 0.1% peptone.  The samples were 23 

homogenized for 2 min and the sample diluted with 0.1% peptone for 5 additional dilutions.  One ml of 24 

each dilution was plated onto duplicate plates of RYM.  The plates were then be incubated at 25 ± 1°C 25 

for 60h.  The plates were read after 48 and 60h of incubation.  In addition, 100 µl of each dilution was 26 

plated onto triplicate plates of DRBC with 1ml of sample plated across 3 plates for the 1/10 dilution and 27 

incubated at 25 ± 1°C for 5-7 days. 28 

For each matrix, five samples were analyzed per replicate, 5 at 10-100 CFU/g, 5 at 100-1000 CFU/g, 29 

and 5 at 1000-10000 CFU/g, and 5 un-inoculated control samples. 30 

 31 
The yogurt and frozen beef patties had <1 Log CFU/g of yeast and mold in the uninoculated product 32 
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and the level of mold was less than the detection limit for all inoculated samples. 1 

 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
Table 29.  3M Petrifilm RYM Method Compared to ISO 21527:2008 part 1 and                                          43 
FDA-BAM Chapter 18 for Yogurt at 48 and 60 Hours.   44 
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Reference Method
Level Replicate cfu/g log cfu/g cfu/g log cfu/g cfu/g log cfu/g

1 <10 <1 <10 <1 <10 <1
2 <10 <1 <10 <1 <10 <1
3 <10 <1 <10 <1 <10 <1
4 <10 <1 <10 <1 <10 <1
5 <10 <1 <10 <1 <10 <1

Mean NA NA NA
Sr NA NA NA
RSDr, % NA NA NA
p -value NA NA NA

1 180 2.26 180 2.26 180 2.26
2 210 2.32 210 2.32 230 2.36
3 240 2.38 250 2.40 280 2.45
4 230 2.36 240 2.38 170 2.23
5 240 2.38 240 2.38 200 2.3

Mean 220 2.34 224 2.35 212 2.32
Sr 0.05 0.06 0.09
RSDr, % 2.14 2.55 3.88
p -value 0.60 0.60

1 3100 3.49 3100 3.49 3100 3.49
2 3000 3.48 2900 3.46 3600 3.56
3 4400 3.64 4300 3.63 3800 3.58
4 3600 3.56 3600 3.56 3000 3.48
5 2900 3.46 2900 3.46 2900 3.46

Mean 3400 3.53 3360 3.52 3280 3.51
Sr 0.07 0.07 0.05
RSDr, % 1.98 1.99 1.42
p -value 0.67 0.67

1 40000 4.60 40000 4.60 38000 4.58
2 35000 4.54 35000 4.54 44000 4.64
3 35000 4.54 35000 4.54 46000 4.66
4 31000 4.49 31000 4.49 29000 4.46
5 33000 4.52 33000 4.52 33000 4.52

Mean 34800 4.54 34800 4.54 38000 4.57
Sr 0.04 0.04 0.08
RSDr, % 0.88 0.88 1.75
p -value 0.35 0.34

Hi
gh

RYM Method-48h RYM Method-60h

U
ni

no
cu

la
te

d
LO

W
M

ed
iu

m

 1 
 2 
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Table 30.  3M Petrifilm RYM Method Compared to ISO 21527:2008 part 1 and                                           1 
FDA-BAM Chapter 18 for frozen Ground Beef Patties at 48 and 60 2 

Hours.

Reference Method
Level Replicate cfu/g log cfu/g cfu/g log cfu/g cfu/g log cfu/g

1 <10 <1 <10 <1 <10 <1
2 <10 <1 <10 <1 <10 <1
3 <10 <1 <10 <1 <10 <1
4 <10 <1 <10 <1 <10 <1
5 <10 <1 <10 <1 <10 <1

Mean NA NA NA
Sr NA NA NA
RSDr, % NA NA NA
p -value NA NA NA

1 80 1.9 90 1.95 90 1.95
2 100 2.00 100 2.00 60 1.78
3 70 1.85 70 1.85 60 1.78
4 100 2.00 120 2.08 100 2.00
5 70 1.85 100 2.00 80 1.90

Mean 84 1.92 96 1.98 78 1.88
Sr 0.08 0.09 0.10
RSDr, % 4.16 4.55 5.32
p -value 0.52 0.60

1 960 2.98 1020 3.01 570 2.76
2 810 2.91 870 2.94 510 2.71
3 780 2.89 820 2.91 680 2.83
4 780 2.89 840 2.92 640 2.81
5 780 2.89 870 2.94 600 2.78

Mean 822 2.91 884 2.95 600 2.78
Sr 0.04 0.04 0.05
RSDr, % 1.37 1.36 1.80
p -value 0.01 0.01

1 7100 3.85 7000 3.85 5400 3.73
2 6300 3.80 6700 3.83 4400 3.64
3 6600 3.82 6900 3.84 4100 3.61
4 5700 3.76 6000 3.78 3700 3.57
5 5900 3.77 6100 3.79 4100 3.61

Mean 6320 3.8 6540 3.81 4340 3.63
Sr 0.04 0.03 0.06
RSDr, % 1.05 0.79 1.65
p -value 0.00 0.00

H
ig

h

RYM Method-48h RYM Method-60h

U
ni

no
cu

la
te

d
LO

W
M

ed
iu

m

 3 
 4 
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Table 31.  Comparison of repeatability between the 3M Petrifilm RYM  1 
                 method ISO 21527:2008 part 1 and FDA-BAM Chapter 18. 2 

Product Level
Low

Medium
High
Low

Medium
High

48 Hr RYM vs Reference 
Method Repeatability

3.24
1.96
4.00

48 Hr RYM vs Reference 
Value Repeatability

2.25
1.96
4.00

Yogurt

1.56 1.23
1.56 1.56
2.25 4.00

Frozen Beef 
Patty  3 

 4 

Summary of Independent Laboratory Results  5 

The low inoculated yogurt had a mean level of yeast of 2.3 Log CFU/g (Table 29).  There was no 6 

significant difference between the 48h RYM counts and the reference method or the 60h RYM and the 7 

reference method (p>0.05).  The medium inoculated yogurt had a mean level of yeast of 3.5 Log CFU/g.  8 

There was no significant difference between the 48h RYM counts and the reference method or the 60h 9 

RYM and the reference method (p>0.05).  The high inoculated yogurt had a mean level of 10 

yeast of 4.5 Log CFU/g.  There was no significant difference between the 48h RYM counts and the 11 

reference method or the 60h RYM and the reference method (p>0.05).  The repeatability of all 12 

methods was less than 0.1 and when compared between the RYM and the reference methods was 13 

less than the critical value (<6.39, Table 31). 14 

 15 

The low inoculated frozen ground beef patties had a mean level of yeast of 1.9Log CFU/g (Table 30). 16 

There was no significant difference between the 48h RYM counts and the reference method or the 60h 17 

RYM and the reference method (p>0.05).  The medium inoculated frozen ground beef patties had a 18 

mean level of yeast of 2.78-2.95 Log CFU/g.  There was a significant difference between the counts on 19 

the 48h RYM and the 60h RYM and those on the reference method (p<0.05) with the RYM plates with a 20 

higher number of organisms.  The high inoculated yogurt had a mean level of yeast of 3.63-3.81 Log 21 

CFU/g.  There was a significant difference between the counts on the 48h RYM and the 60h RYM and 22 

those of the reference method (p<0.05) with the RYM plates with a higher number of organisms.  The 23 

repeatability of all methods was less than or equal to 0.1 and when compared between the RYM and 24 

the reference methods was less than the critical value (<6.39, Table 31). 25 

The independent laboratory stated that the 3M Petrifilm RYM Plate method:  26 
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•   Was very straightforward and easy to follow. 1 
• The plates were easy to use and were preferred over the spread plate method 2 
• The plates were less susceptible to contamination by environmental yeast and mold 3 
• The plates were easy to read at both 48h and 60h although the 60h required less 4 

determination if potential colony was a colony or a food particle. 5 
 6 
 7 

Discussion 8 

The 3M™ Petrifilm™ Rapid Yeast and Mold Count Plate method was compared to the ISO 21527:2008 9 

parts 1 and 2 and the FDA BAM Chapter 18 reference methods at 48 and 60 hours for the detection and 10 

enumeration of yeast and mold from a variety of foods. Ten food matrices – yogurt, sour cream, 11 

almonds, sliced apples, frozen bread dough, ready-made pie, sandwiches, dehydrated soup, fermented 12 

salami and frozen ground beef patties – were inoculated with coliforms at low, medium and high levels. 13 

The log counts from the 3M Petrifilm RYM Plate method were compared with log counts from reference 14 

methods.  15 

Paired t-tests indicated there were no significant differences in detection or enumeration between the 16 

3M Petrifilm RYM Plate method and the ISO and BAM reference methods at any level at both 48 and 60 17 

hours for yogurt, sliced apples, fermented salami, and frozen ground beef patties.   For these matrices, 18 

the Petrifilm RYM method had better repeatability with the exceptions of yogurt at the low level 19 

inoculum at both 48 and 60 hours, and the frozen ground beef patties at the high level inoculation level 20 

at both 48 and 60 hours, for which the reference methods had better repeatability. 21 

 22 

For almonds, frozen bread dough, and ready-made pies, detection and enumeration was the same for 23 

both the Petrifilm RYM method and the reference methods at low and medium inoculation levels at 48 24 

and 60 hours.  At the high inoculation level for these matrices, the Petrifilm RYM method had 25 

statistically better detection and enumeration at 48 and 60 hours (p=0.004, 0.002/0.0015, 0.0001 26 

respectively).  The repeatability for almonds the low and high inoculation levels at both 48 and 60 hours 27 

favored the Petrifilm RYM method, but the reference methods had better repeatability at the medium 28 

inoculation level at both time points.  29 

  30 

There were no differences in recovery at the low and medium inoculation levels for sour cream and 31 

sandwiches at 48 and 60 hours.  For both matrices there was a statistically significant difference at the 32 

high inoculation level (p=0.0457 and p=0.029 respectively) which favored the reference methods.  For 33 
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sour cream at the low and medium inoculation levels at both time points, the Petrifilm RYM method had 1 

better repeatability.  The reference methods had better repeatability at the high inoculation level.  For 2 

sandwiches, the Petrifilm RYM method had better repeatability at the high inoculation level at both 48 3 

and 60 hours, whereas the reference methods had better repeatability at the low and medium 4 

inoculation levels at both time points.   5 

There was no recovery of the inoculated organism (Paecilomyces spp) on the reference medium (DG-18) 6 

from dehydrated soup.  Five lots of dehydrated soup, with increasing inoculation levels, were tested in 7 

an attempt to gain recovery of the target organism recovery on DG-18.  In addition, prepoured DG-18 8 

agar medium was utilized instead of the dehydrated, laboratory made medium as another attempt to 9 

recover the target organism.  The General Referee was contacted for advice.  The decision was made 10 

that since the Paecilomyces spp  was not recovered with attempts to increase the inoculums titer that 11 

the data would be accepted with no recovery from the DG-18 reference medium.  There is no 12 

explanation for why the DG-18 reference medium does not recover the organism from dehydrated soup.  13 

The organism does grow on the medium when grown in pure culture. 14 

 15 

In strain studies, of the 19 yeast and 23 mold strains that should have been detected by the 3M Petrifilm 16 

RYM Plate method, all were detected and had appropriate colonial morphology, giving a sensitivity of 17 

100%. Of the 4 non-target organisms that should not been detected the 3M Petrifilm RYM Plate method, 18 

none of the 4 strains were detected, yielding a specificity of 100%. The 3M Petrifilm RYM Plate has a 19 

shelf life of 18 months when stored at 2-8°C.  A combined lot-to-lot and stability study has begun on 20 

three unique lots of Petrifilm RYM Plates.  At time 0, there was no difference in the performance of the 21 

product with regard to lot or age of the product.  The study is continuing and the results will be reported 22 

as they become available. 23 

 Method ruggedness was demonstrated for three test parameters including incubation temperature, 24 

incubation time, and water for rehydration. 25 

 26 

Summary of Validated Performance Claims 27 

The 3M Petrifilm RYM Plate method is used for the enumeration of yeast and mold in the food  and 28 

beverage industries and has been validated for yogurt, sour cream, almonds, sliced apples, frozen  bread 29 

dough, ready-made pie, sandwiches, dehydrated soup, fermented salami and frozen ground beef  30 

patties.  A t-test was performed using the appropriate assumption for equal or unequal variance to 31 
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evaluate the mean of the log10 values for statistical difference between two methods at the 95% 1 

confidence level.  Repeatability of the Petrifilm RYM method and the reference methods was calculated 2 

as the standard deviation (Sr) for each contamination level for each matrix. 3 

The performance of the Petrifilm RYM method in terms of enumeration and repeatability was equal to 4 

or better than the ISO 21527:2008 parts 1 and 2 and the FDA BAM Chapter 18 reference methods at 48 5 

and 60 hours, with the exception of high inoculation level of sour cream at 48 and 60 hours and the 6 

medium and high levels of sandwiches at 48 and 60 hours.     7 

 8 

Conclusion 9 

These studies have demonstrated that the 3M Petrifilm Rapid Yeast and Mold Count Plate method is a, 10 

specific, sensitive, and rugged method that detects and enumerates yeast and mold at 48 and 60 hours 11 

from a variety of matrices, yielding equivalent values to the ISO 21527:2008 parts 1 and 2 and the FDA 12 

BAM Chapter 18 reference methods. 13 

References 14 

1. Bacteriological Analytical Manual, Chapter 18.  Yeasts, Molds and Mycotoxins.  April, 2001 15 
revision. 16 

 17 

2.  U.S. Food and Drug Administration. Code of Federal Regulations, Title 21, Part 58. Good 18 
Laboratory Practice for Nonclinical Laboratory Studies. 19 
 20 
 21 
 22 

3. ISO/IEC 17025. General requirements for the competence of testing and calibration 23 
laboratories. 24 

 25 
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3 Issue Date: XXXX-XX 

Petrifilm™  
Product Instructions 
Rapid Yeast and Mold Count Plate   

 
PRODUCT DESCRIPTION AND INTENDED USE 
The 3M™ Petrifilm™ Rapid Yeast and Mold Count (RYM) Plate is a sample-ready-culture-medium 
system which contains nutrients supplemented with antibiotics, a cold-water-soluble gelling agent, and 
an indicator system that facilitates yeast and mold enumeration. 3M Petrifilm RYM Plates are used for 
the enumeration of yeast and mold in the food and beverage industries. 3M Petrifilm RYM Plate 
components are decontaminated though not sterilized.  
3M Food Safety is certified to ISO (International Organization for Standardization) 9001 for design and 
manufacturing. 

SAFETY 
The user should read, understand, and follow all safety information in the Product Instructions for the 
3M Petrifilm RYM Plate. Retain the safety instructions for future reference. 

 WARNING  Indicates a hazardous situation, which, if not avoided, could result in death or serious 
injury and/or property damage. 

CAUTION Indicates a hazardous situation, which, if not avoided, could result in minor or 
moderate injury and/or property damage. 

 WARNING 

 
To reduce the risks associated with the release of contaminated product: 
• Use 3M Petrifilm RYM Plates for food and beverage sample testing that you have validated. 
• Follow all product storage instructions contained in these Product Instructions. 
• Do not use beyond the expiration date. 
To reduce the risks associated with clinical misdiagnosis: 
• Do not use 3M Petrifilm RYM Plates in the diagnosis of conditions in humans or animals. 

 CAUTION 

 
To reduce the risks associated with exposure to biohazards and environmental contamination: 
• Follow current industry standards and local regulations for disposal of biohazardous waste. 

To reduce the risks associated with misinterpretation of results: 
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• 3M Petrifilm RYM Plates do not differentiate any one yeast or mold strain from another. 
• 3M has not documented 3M Petrifilm RYM Plates for use in industries other than food and 

beverage. For example, 3M has not documented 3M Petrifilm RYM Plates for testing water, 
pharmaceuticals or cosmetics. 

• 3M Petrifilm RYM Plates have not been tested with all possible food products, food processes, 
testing protocols or with all possible strains of yeast and mold. 

• Do not use 3M Petrifilm RYM Plates in the diagnosis of conditions in humans or animals.  
• The user must train its personnel in proper testing techniques. For example, Good Laboratory 

Practices1, ISO 72182, or ISO 170253. 
Consult the Safety Data Sheet for additional information. 
For information on documentation of product performance, visit our website at 
www.3M.com/foodsafety or contact your local 3M representative or distributor. 

USER RESPONSIBILITY 
Users are responsible for familiarizing themselves with product instructions and information. Visit our 
website at www.3M.com/foodsafety, or contact your local 3M representative or distributor for more 
information. 
When selecting a test method, it is important to recognize that external factors such as sampling 
methods, testing protocols, sample preparation, handling, and laboratory technique may influence 
results. 
It is the user’s responsibility in selecting any test method or product to evaluate a sufficient number of 
samples with the appropriate matrices and microbial challenges to satisfy the user that the chosen test 
method meets the user’s criteria. 
It is also the user’s responsibility to determine that any test methods and results meet its customers’ 
and suppliers’ requirements. 
As with any test method, results obtained from use of any 3M Food Safety product do not constitute a 
guarantee of the quality of the matrices or processes tested. 

LIMITATION OF WARRANTIES / LIMITED REMEDY 
EXCEPT AS EXPRESSLY STATED IN A LIMITED WARRANTY SECTION OF INDIVIDUAL 
PRODUCT PACKAGING, 3M DISCLAIMS ALL EXPRESS AND IMPLIED WARRANTIES, 
INCLUDING BUT NOT LIMITED TO, ANY WARRANTIES OF MERCHANTABILITY OR FITNESS 
FOR A PARTICULAR USE. If any 3M Food Safety Product is defective, 3M or its authorized distributor 
will, at its option, replace or refund the purchase price of the product. These are your exclusive 
remedies. You must promptly notify 3M within sixty days of discovery of any suspected defects in a 
product and return it to 3M. Please call Customer Service (1-800-328-1671 in the U.S.) or your official 
3M Food Safety representative for a Returned Goods Authorization. 

LIMITATION OF 3M LIABILITY 
3M WILL NOT BE LIABLE FOR ANY LOSS OR DAMAGES, WHETHER DIRECT, INDIRECT, 
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING BUT NOT LIMITED TO 
LOST PROFITS. In no event shall 3M’s liability under any legal theory exceed the purchase price of 
the product alleged to be defective. 

STORAGE  
Store unopened 3M Petrifilm RYM Plate pouches refrigerated or frozen (-20 to 8°C / -4 to 46°F). Just 
prior to use, allow unopened pouches to come to room temperature before opening (20-25°C / <60% 
RH). Return unused 3M Petrifilm RYM Plates to pouch. Seal by folding the end of the pouch over and 
applying adhesive tape. To prevent exposure to moisture, do not refrigerate opened pouches. 
Store resealed pouches in a cool dry place (20-25°C / <60% RH) for no longer than 4 weeks. It is 
recommended that resealed pouches of 3M Petrifilm RYM Plates be stored in a freezer (see below) if 
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the laboratory temperature exceeds 25ºC (77ºF) and/or the laboratory is located in a region where the 
relative humidity exceeds 60% (with the exception of air-conditioned premises).  
To store opened pouches in a freezer, place 3M Petrifilm RYM Plates in a sealable container. To 
remove frozen 3M Petrifilm RYM Plates for use, open the container, remove the plates that are 
needed and immediately return remaining plates to the freezer in the sealed container. Allow 3M 
Petrifilm RYM Plates to come to room temperature before plating. 3M Petrifilm RYM Plates should not 
be used past their expiration date. Do not store open pouches in a freezer with an automatic defrost 
cycle, as this could damage the 3M Petrifilm RYM Plates due to repeated exposure to moisture.  
Do not use 3M Petrifilm RYM Plates that show discoloration. Expiration date and lot number are noted 
on each package of 3M Petrifilm RYM Plates. The lot number is also noted on individual 3M Petrifilm 
RYM Plates.  

 DISPOSAL  

After use, 3M Petrifilm RYM Plates may contain microorganisms that may be a potential biohazard. 
Follow current industry standards for disposal. 
For information on potential biohazards, reference Biosafety in Microbiological and Biomedical 
Laboratories, 5th edition, Section VIII-B:  Fungal Agents or equivalent. 

INSTRUCTIONS FOR USE 
Follow all Product Instructions carefully. Failure to do so may lead to inaccurate results. 
Wear appropriate protective apparel and follow standard good laboratory safety practices (GLP).1 
Sample Preparation  
1. Prepare appropriate dilution(s) of the sample as needed. 
 Use appropriate sterile diluents:  
 Butterfield’s phosphate buffer (ISO 5541-1), Buffered Peptone Water (ISO), 0.1% peptone water, 

peptone salt diluent, saline solution (0.85-0.90%), bisulfite-free letheen broth, or distilled water. Do 
not use diluents containing citrate, bisulfite or thiosulfate with 3M Petrifilm RYM Plates; they 
can inhibit growth.  If citrate buffer is indicated in the standard procedure, substitute with 0.1% 
peptone water, warmed to 40-45°C. 

  See “Specific Instructions for Validated Methods“ for specific requirements. 
2. Blend or homogenize sample. 
Plating 
1. Place the 3M Petrifilm RYM Plate on a flat, level surface. 
2. Lift the top film and with the pipette perpendicular dispense 1 mL of sample suspension onto the 

center of bottom film. 
3. Roll the top film down onto the sample. 
4. Place the 3M™ Petrifilm™ Flat Spreader (6425) or other flat spreader on the center of the 3M 

Petrifilm RYM Plate. Press gently on the center of the spreader to distribute the sample evenly. 
Spread the inoculum over the entire 3M Petrifilm RYM Plate growth area before the gel is formed. 
Do not slide the spreader across the film.  

5. Remove the 3M Petrifilm Flat Spreader and leave the 3M Petrifilm RYM Plate undisturbed for at 
least one minute to permit the gel to form. 

Incubation 
Incubate 3M Petrifilm RYM Plates at 25°C +/- 1°C or 28°C +/-1°C for 48 +/- 2 hours* in a horizontal 
position with the clear side up in stacks of no more than 40.  
*If colonies appear faint, allow an additional 12 hours of incubation time for enhanced interpretation.  If 
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a 60 hour time-point for interpretation is not convenient, extending the incubation time to 72 hours is 
an acceptable alternative. 
See “Specific Instructions for Validated Methods“ for specific requirements. 
 
Interpretation 
1. 3M Petrifilm RYM Plates can be counted using a standard colony counter or other illuminated 

magnifier. Gridlines are visible with the use of a backlight to assist with estimated enumeration. 
2. Do not count colonies on the foam dam since they are removed from the nutrient medium. 
3. To differentiate yeast and mold colonies on the 3M Petrifilm RYM Plate, look for one or more of the 

following characteristics: 

YEAST MOLD 

Small colonies Large colonies 

Colonies have defined edges  Colonies have diffuse edges 

Pink/tan to blue/green in color Blue/green to variable upon prolonged incubation 

Colonies appear raised (3 dimensional) Colonies appear flat 

Colonies have a uniform color Colonies have a dark center with diffused edge 

 
4. Read yeast and mold results at 48 hours. Certain slower growing yeasts and molds may appear 

faint at 48 hours. To enhance interpretation of these molds allow for an additional 12 hours of 
incubation time.  If a 60 hour time-point for interpretation is not convenient, extending the 
incubation time to 72 hours is an acceptable alternative. 

5. The circular growth area is approximately 30 cm2. 3M Petrifilm RYM Plates containing greater than 
150 colonies can either be estimated or recorded as Too Numerous To Count (TNTC). Estimation 
can be done by counting the number of colonies in one or more representative squares and 
determining the average number per square. The average number can be multiplied by 30 to 
determine the estimated count per plate. If a more accurate count is required, the sample will need 
to be retested at higher dilutions. When the sample contains substantial amounts of mold, 
depending on the type of mold, the upper countable limit may be lowered at user discretion. 

6. Food samples may occasionally show interference on the 3M Petrifilm RYM Plates, for example: 
 a) a uniform blue background color (often seen from the organisms used in cultured products) 

these should not be counted as TNTC. 
 b) intense, pinpoint blue specs (often seen with spices or granulated products). 
7. When necessary, colonies may be isolated for further identification. Lift the top film and pick the 

colony from the gel. 
 
Specific Instructions for Validated Methods 
AOAC-RI Performance Tested Methods (PTM) 
In an AOAC RI PTM study, the 3M Petrifilm RYM Plate method was found to be equivalent to or better 
than the average log counts of the ISO 21527:2008 parts 1 and 2 and to the FDA BAM Chapter 18 
reference methods at 48 and 60 hours.  
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Scope of Validation: 
Yogurt, frozen bread dough, fermented salami, sour cream, ready-made pie, frozen ground beef 
patties, almonds, sandwiches, sliced apples, and dehydrated soup. 
Incubation:  
Incubate 3M Petrifilm RYM Plates between 48 and 60 hours at 25°C +/-1 °C or 28°C +/-1°C. 
Interpretation: 
Plates containing greater than 150 colonies can either be estimated or recorded at too numerous to 
count (TNTC).  Estimation can be done by counting the number of colonies in one or more 
representative squares and determining the average number per square.  The average number can be 
multiplied by 30 to determine the estimated count per plate.  If a more accurate count is required, the 
sample can be retested at higher dilutions. 

 

 
NF Validation by AFNOR Certification: 
NF Validation certified method in compliance with ISO 16140 4 in comparison to  21527 part 1 and part 

25 

Use the following details when implementing the above instructions for Use: 
Scope of the validation: 
All human food products, animal feed and environmental products (primary production samples 

excepted) 
Sample preparation:  
Use only ISO listed diluents6 

Incubation:  
Incubate 3M Petrifilm RYM Plates between 60 and 72 hours at 25°C +/-1 °C or 28°C  +/-1°C. 
The plates can be stored in the incubator up to 5 days.  
Interpretation: 

Calculate the number of microorganisms present in the test sample according to ISO 72182 for one 
plate per dilution. For calculation, take into account only 3M Petrifilm RYM Plates that contain up to 
150 colonies. Estimates are outside of the scope of the NF Validation Certification (cf. interpretation 
part paragraph 5).  
 

 
 

 

AOAC R
es

ea
rch

 In
sti

tut
e  

Exp
ert

 R
ev

iew
 P

an
el 

Use
 O

nly

OMAMAN-16C/ Package Insert 
ERP Use Only - December 2014



 
Confidential  
 

 
Instructions for Use 

(English Text) 

<<Object Name>> 
Title: <<Title>> 

Version: <<Version>> 
Status: <<Status>> 

Release Date: <<Release Date>> 

 

Page 7 of 8 
NOTE:  The official document is electronic. Paper copies are uncontrolled. 

3M 01/13 – 07/14 
ALTERNATIVE ANALYTICAL METHODS FOR AGRIBUSINESS

www.afnor‐validation.com

 
 
For more information about end of validity, please refer to NF VALIDATION certificate available on 
the website mentioned above 

 
 

REFERENCES 
1. U.S. Food and Drug Administration. Code of Federal Regulations, Title 21, Part 58. Good 

Laboratory Practice for Nonclinical Laboratory Studies. 
2. ISO 7218. Microbiology of food and animal feeding stuffs - General requirements and guidance for 

microbiological examinations. 
3. ISO/IEC 17025. General requirements for the competence of testing and calibration laboratories. 
4.  ISO 16140.  Microbiology of food and animal feeding stuffs - Protocole for the validation of 

alternative method 
5. ISO 21527. Microbiology of food and animal feeding stuffs- Horizontal method for the enumeration 

of yeasts and moulds.  
Part 1: Colony count technique in products with water activity greater than 0.95 
Part 2: Colony count technique in products with water activity less than or equal to 0.95 

6. ISO 6887-1. Microbiology of food and animal feeding stuffs- Preparation of test samples, initial 
     suspension and decimal dilutions for microbiological examination. 

 

EXPLANATION OF SYMBOLS 

Caution or Warning, consult Product Instructions. 

Consult Product Instructions. 

 The lot in a box and the hourglass symbols are symbols that represent lot number and 

expiration date. The hourglass is followed by a year and month which represents the expiration date 
(year and month: YYYY-MM). The entire line after the hourglass represents the lot number (YYYY-MM 
AZ). 
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Store between given temperatures. 
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