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Today, both food processors and consumers are
aware that poultry and poultry products play host to
two very significant human pathogens – Salmonella
and Campylobacter – that can lead to dangerous
infections.
Salmonellosis is the most commonly reported cause
of foodborne illness. According to the U.S. Centers
for Disease Control and Prevention (CDC), 1.4
million cases of foodborne illness and more than
420 deaths are annually attributed to Salmonella
infections in the U.S.1 The Salmonella genus includes
more than 2,500 serotypes, which collectively have
been associated with:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Raw meats
Poultry
Eggs
Milk and dairy products
Fish, shrimp
Frog legs
Yeast
Coconut
Sauces and salad dressings
Cake mixes
Cream-filled desserts and toppings
Dried gelatin
Peanut butter
Cocoa and chocolate

Campylobacteriosis is the second most frequently
reported cause of foodborne illness, and
Campylobacter jejuni is the most common strain
causing illness. Within the U.S., the CDC estimates
1.5 million campylobacteriosis illnesses reported
each year.2
The majority of foodborne illnesses occur when
people ingest these pathogens from improperly
handled or undercooked poultry. Raw poultry
products are contaminated with Salmonella and
Campylobacter during slaughter operations,
and contamination on the farm can spread to

processing facilities through bacteria on the skin.
Consequently, proper sanitary operations and the
use of antimicrobial interventions are necessary
to minimize the contamination occurring during
slaughter and when the carcasses are processed into
parts and comminuted into ground or mechanically
separated non-ready-to-eat products.3, 4, 5
The U.S. Department of Agriculture’s (USDA) Food
Safety Inspection Service (FSIS) established its
Salmonella verification program and performance
standards in 1996 as part of the Pathogen Reduction
Program to verify process control in meat and
poultry slaughter and processing establishments.6
The performance standards were established from
national baseline studies conducted prior to the
rule’s creation, and, currently, apply only to livestock
carcasses.
Continuing to advance the monitoring program,
USDA FSIS implemented a revised Salmonella and
Campylobacter testing program in 2016 and made
a change in their preferred methods. The USDA FSIS
regularly reviews pathogen testing and updates
their Microbiology Laboratory Guidebook (MLG)
accordingly. The most recent updates were made
in 2019 to chapters 4.10 (Salmonella), 8.11 (Listeria
monocytogenes); and recently to chapter 41.05
(Campylobacter - effective June 2021).
In 2016, USDA FSIS also replaced its Salmonella
specific sampling set-approach with a routine
sampling approach for all USDA FSIS-regulated
products that are subject to Salmonella and
Campylobacter verification testing. This includes
broiler and turkey carcasses, chicken parts and
non-ready-to-eat (NRTE) comminuted poultry.
Salmonella and Campylobacter performance
standard verification samples are now taken as part
of a “moving window” sampling approach, and the
results are used to determine if an establishment is
meeting the performance standard on a continuous
basis.7, 8
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The USDA estimates that the new standards will prevent about 50,000 illnesses each year.9 This program has
created new limits on the number of product samples that test positive for a pathogen (Table 1). For example,
the new Salmonella standards limit contamination to rates of no more than 25% in ground chicken, 19.6% less
than the former standard.
Table 1. USDA FSIS Performance Standards for Salmonella and Campylobacter in Poultry 10

Product

Maximum Acceptable
% Positive

Performance Standard*

Minimum # of Samples to
Assess Process Control

Salmonella

Campylobacter

Salmonella

Campylobacter

Salmonella

Campylobacter

Broiler Carcass1

9.8

15.7

5 of 51

8 of 51

11

10

Turkey Carcass1

7.1

5.4

4 of 56

3 of 56

14

19

Comminuted
Chicken
(325 g sample)2

25.0

1.9

13 of 52

1 of 52

10

52

Comminuted
Turkey
(325 g sample)2

13.5

1.9

7 of 52

1 of 52

10

52

Chicken Parts
(4 lb. sample)3

15.4

7.7

8 of 52

4 of 52

10

13

United States Department of Agriculture. Food Safety and Inspection Service. New Performance Standards for Salmonella and Campylobacter in Not
Ready-to-Eat Comminuted Chicken and Turkey Products and Raw Chicken Parts and Changes to Related Agency Verification Procedures: Response to
Comments and Announcement of Implementation Schedule. 81 FR 7285. 2016.
https://www.govinfo.gov/content/pkg/FR-2016-02-11/pdf/2016-02586.pdf
1
The maximum acceptable percent positive for Salmonella and Campylobacter under the perfor-mance standards for young chicken and turkey
carcasses (FRN Docket No. FSIS 2014-0023; 2015)
2
New performance standards (FRN Docket No. FSIS-2014-0023, 2016)
3
New performance standards (FRN Docket No. FSIS-2014-0023, 2016)
*Number of samples allowed to be positive out of total number of samples analyzed

USDA FSIS ultimately aims to achieve a reduction
of illnesses from contaminated chicken parts and
ground poultry by 30% for Salmonella and 19 to 37%
for Campylobacter. It will assess establishments’
performances based on maximum acceptable
percent positive rates, and will categorize processing
plants into Category 1, 2, or 3, as passing or failing.
USDA FSIS offers guidance to countries exporting to
the U.S. through an equivalence process that helps
to determine if a country´s food safety inspection
system can be considered equivalent to the USDA
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FSIS inspection system to meet the level of protection
required by the U.S.11
And in addition to increased laws and regulations,
advanced science and technology are leading to
significant food safety progress. This is at the heart of
the work at 3M Food Safety – helping to provide the
food industry with a suite of tools and technologies
that help to evaluate hygienic processing conditions
by detecting indicators of microbial contamination,
as well as pathogens and allergens.
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Embracing Science and
Technology
We spoke directly with food processors across a
variety of industry segments to learn their daily
pain points. This is how we have learned about the
biggest needs for food testing labs – simplicity,
speed, efficiency and accuracy. We launched the
3M™ Molecular Detection System in 2012, an easyto-use system designed to meet customer needs
for increasing speed and accuracy in pathogen
detection.
Prior to 3M’s novel molecular-based method, DNA
based methods commonly utilized polymerase
chain reaction (PCR). PCR methods typically require
multiple steps to process enriched food samples and

amplify target DNA for detection of pathogens. The
3M Molecular Detection System took advantage
of advances in technology to surpass other
molecular-driven methods for amplifying target
DNA, improving accuracy and minimizing time
and technician steps. It is based on an innovative
combination of technologies – loop mediated
isothermal amplification (LAMP) of DNA and
bioluminescence detection (Figure 1). This unique
technological tandem made the system cost
effective, easy-to-use and highly accurate.

Figure 1. LAMP-Bioluminescent Technology

Isothermal DNA Amplification

Bioluminescence Detection

Luciferase

Loop-mediated isothermal
amplification (LAMP) is driven
by robust Bst DNA polymerase,
using six different primers for
high specificity.

Exponential generation of Pyrophosphate (PPi) is
converted to Adenosine Tri Phosphate (ATP) by
ATP-Sulfurylase.

Luciferase uses ATP to generate light,
providing real-time detection in as
little as 15 minutes.

(3M™ Molecular Detection Assay 2 (PDF, 935.0KB)
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The incorporation of LAMP technology allows the 3M Molecular Detection System to offer a simple sample
preparation process with only two transfer steps instead of the more complex DNA extraction and purification
steps used in PCR (Figure 2). To perform pathogen testing, users need to process an enriched sample through
only two pipetting steps utilizing ready to use color-coded reagents for both lysis and amplification steps.
Samples are analyzed in the 3M Molecular Detection Instrument, a small device that is operated using a
standard computer.
Figure 2. 3M™ Molecular Detection Assay 2 Protocol

20 µL
20
µL

1

Transfer 20 μL sample to individual lysis tube.

2

Heat at 100ºC for 15 minutes.

3

Cool on block at room temperature for
5 minutes

4

Transfer 20 uL of lysed sample to reagent tube and mix

5

Transfer closed tubes to speed loader tray and place
into instrument

6

Presumptive positive results as early as 15 minutes.
Negative results at 60–75 minutes.

99-101ºC

99–101°C

Liquid will
be pink.

Liquid will
be yellow
during heating.

Liquid will
be pink
when cooled.

20-25ºC

20–25°C
µL
2020 µL

(3M™ Molecular Detection Assay 2 Protocol Reference Guide (PDF, 935.0KB)
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While making recent updates to the USDA FSIS
MLG, the USDA conducted rigorous performance
evaluations on the 3M Molecular Detection System’s
LAMP technology against other commercially
available rapid methods. After demonstrating the
technology and system meets their standards
and needs, USDA FSIS named the 3M Molecular
Detection System as the primary method to be
used for the detection of Salmonella, Listeria
monocytogenes, and Campylobacter.
The technology in 3M’s Molecular Detection
system makes detection of foodborne pathogens
simpler and faster, providing food manufacturers
previously unavailable speed and ease in detecting
Salmonella, Listeria, Listeria monocytogenes, E. coli
O157 (including H7) and Shiga toxin-producing
E. coli (STEC) in food or environmental samples,
Campylobacter in raw and cooked poultry, and
Cronobacter in powdered infant formula. The entire
3M™ Molecular Detection Assay 2 family uses a
single assay protocol for all pathogens, enabling
batch processing of up to 96 different samples at once
and improving efficiency in the laboratory (Figure 2).
Enhanced with a proprietary 3M nanotechnology,
the test gives processors a streamlined workflow
that simplifies their pathogen detection. This enables
same or next-day results and faster, more confident
food safety decisions.

Enhancing Molecular
Detection in the Lab
Laboratories are consistently looking for ways to
manage their resources and stay within budget. One
of the most effective cost-cutting strategies is to
lower the expense and labor required to complete
each pathogen test. In comparison to traditional
cultural methods, rapid methods for foodborne
pathogen detection drastically reduce the timeto-result of food testing. However, how do varying

rapid pathogen detection tests stack up in this area?
In 2016, 3M commissioned a third-party accredited
laboratory to conduct a study comparing labor
efficiencies associated with various rapid detection
methods.10 It demonstrated that the 3M Molecular
Detection Assay 2 provided the fastest time-to-result
among the competitive tests evaluated. The analysis
considered efficiency with respect to technician
labor time, sample incubation steps and instrument
run time. For example, using the 3M Molecular
Detection Assay 2 – Salmonella to perform 10,000
Salmonella tests would save a laboratory between
132 and 312 labor hours annually, up to 2.6 times
faster than the other methods, resulting in an annual
cost savings. Considering that this is just one target
microorganism, the potential cost savings for utilizing
the 3M Molecular Detection Assay 2 platform for
additional microorganisms could be even greater.

Salmonella and
Campylobacter Testing
Challenges
Testing for Salmonella and Campylobacter in
poultry can be especially challenging due to the
complex nature of the matrices. Detection of
these pathogens is often assessed at the primary
production level, in broiler carcass and/or bird parts
rinses and in raw meat. Competitive microflora in
all of these types of samples can impact the level of
growth of Salmonella required for detection in most
culture-based methods. In addition, confirmation
procedures become complex when associated
microflora are also recovered in most Salmonella and
Campylobacter selective agars. Therefore, the use
of molecular methods based on DNA amplification,
enables testing laboratories in the poultry industry to
rapidly and more accurately assess the presence of
Salmonella and Campylobacter.10, 11
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3M Molecular Detection Assay 2 - Salmonella
Traditional methods for Salmonella detection require two-step enrichments (primary and a secondary
enrichment) followed by streaking the enriched samples on a selective agar to isolate presumptive colonies
(Figure 3). This requires four days to obtain presumptive results (Figure 3). With 3M’s method, the single
enrichments are incubated for 10 to 24 hours (depending on the food matrix). The system provides a high
throughput of 96 samples and results from enriched samples are obtained in 90 minutes or less (30 minutes for
lysis and reaction set up and 60 minutes of run time; Figure 3).
Figure 3. Simple and streamlined workflow for 3M Molecular Detection Assay 2 – Salmonella as compared to traditional
agar method

Traditional Agar Method

3M Molecular Detection Assay 2

Poultry
Eggs
Produce
Environmental sampling
Sample size
25 g - 375 g

Poultry
Eggs
Produce
Environmental sampling
Sample size
25 g - 375 g

Combine sample and
enrichment medium.
Incubate 18-26 hrs @ 35 +/- 2ºC.

1:10 dilution with BPW
ISO Enrichment for
most matrices
37ºC or 41.5ºC /
10-30 hrs

Transfer enriched sample into
Tetrathionate (TT) and R-V. Incubate
R-V 24 ± 2 hrs @ 41.5 +/- 1ºC.
Incubate TT 24 ± 2 hrs @ 37 +/- 1ºC.

Simple Lysis

Streak each selective broth onto
selective agar plates (HE, BS, XLD).
Incubate 22-50 hrs @ 35°C

Read plates.

60 min

+

–

(3M™ Molecular Detection Assay 2 – Salmonella (PDF, 232KB)
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The 3M Molecular Detection Assay 2 – Salmonella has been validated against reference methods and found to
perform equivalently for the detection of Salmonella within a broad range of foods and environmental surfaces
(Table 2).
Table 2. Validated matrices for 3M Molecular Detection Assay 2 – Salmonella

AOAC® Performance TestedSM Certificate # 091501
AOAC® Official Method of AnalysisSM 2016.01
•

Black pepper

•

Chicken carcass rinse

•

Chicken carcass sponge

•

Cocoa powder

•

Cooked breaded chicken

•

Creamy peanut butter

•

Dry dog food

•

Environmental surfaces

•

Infant formula

•

Instant non-fat dry milk

•

Pasteurized liquid whole egg

•

Pasteurized processed American cheese

•

Pet food and animal feed

•

Primary production samples

•

Production environment samples

•

Raw bagged spinach

•

Raw ground beef

•

Raw ground chicken

•

Raw whole shrimp

•

Spent sprout irrigation water

NF VALIDATION by AFNOR Certification
Certificate No.: 3M 01/16-11/16

•

All human food products and production
environmental samples (excluding primary
production environment)

•

Broad range of processed food products
including egg powder, processed fruits and
vegetables

•

Broad range of raw and unprocessed food
including raw meat, raw fish, raw seafood

•

All fruits and vegetables

•

Food production environment samples

•

Powdered dairy products

•

Cocoa based products containing more
than 20% cocoa

•

Spices, aromatic herbs, concentrates, teas,
coffees, culinary preparation
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3M Molecular Detection Assay 2 - Campylobacter
When it comes to Campylobacter detection, traditional culture methods and most currently available
molecular/immunoassay methods require use of complex media supplements such as blood or antibiotics.
In addition, enrichments need to be incubated under microaerophilic conditions requiring special equipment
such as anaerobic jars and oxygen-scavenging sachets. These conventional methods typically require two days
of incubation for the enrichment followed by another two days of incubation for plate results.
3M™ Campylobacter Enrichment Broth is ready to use (technicians need to only add sterilized water) and
incubations are done under aerobic conditions for 22 to 28 hours (Figure 4a). Once enriched samples are
analyzed with 3M Molecular Detection Assay 2 – Campylobacter,12 results can be obtained in 90 minutes or
less (30 minutes for lysis and reaction set up and 60 minutes of run time; Figure 4b).
Figure 4a. Streamlined sample enrichment using 3M
Campylobacter Enrichment Broth as compared to
enrichment with Campylobacter methods.

Other Methods

3M Method

Figure 4b. Simple and streamlined workflow.
Traditional Agar Method

3M Method

Weigh
powder
Add
water

Autoclave

Cool

Prepare
organic solvent

Add to
supplement vial

Weigh powder

Add water

Sterilize
water

Microaerophilic
incubation 42ºC/44-48h

Aerobic incubation
41.5ºC/22-28h

Mix

Simple Lysis

Mix supplements with broth
Add sample
to media

Add sample
to media

Streak, microaerophilic
incubation 42ºC/44-48h

Place in
anaerobic jar
Add oxygen scavenger,
catalyst and indicator

60 min

Incubate
aerobically

+

Incubate

Read plates

11+ STEPS

–

Results

5 STEPS
(3M™ Molecular Detection Assay 2 – Campylobacter (PDF, 935.0KB)
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The 3M Molecular Detection Assay 2 – Campylobacter has been validated against the USDA FSIS reference
method to receive Certification through AOAC® Performance Tested MethodsSM Program
for the detection of Campylobacter within a broad range of poultry matrices (Table 3).
Table 3. Validated matrices for 3M Molecular Detection Assay 2 – Campylobacter AOAC®Performance TestedSM
Certificate #111803

Category
Poultry Carcass Rinses

Specific Matrices
Whole chicken without giblets, young chicken, air-chilled, organic,
pre-chill carcass rinse
Chicken: split breasts, leg quarters, thighs, wings, thigh filets,
drumsticks, feet, breast tenders, wingettes, backs, cut-up fryer, variety
parts pack

Poultry Pieces/Parts
Turkey: breast, thighs, wings, breast tenderloin, backs, necks
Other: duck wings

Poultry Carcass Sponge

Whole chicken, turkey, free-range duck, silky chicken, stewing hen
carcasses
Ground: chicken, turkey, pork

Raw

Ready-to-Eat

Organs: chicken hearts, chicken gizzards, chicken livers, turkey
gizzards, turkey livers
Chicken: skinless franks, breakfast sausage, rib meat, grilled chicken
strips, smoked chicken sausage, sun-dried tomato sausage, charbroiled
chicken strips, oven-roasted chicken, tequila lime wings, crispy chicken
strips, bacon/Gouda breakfast sausage, apple chicken sausage, rotisserie chicken sausage, chicken nuggets, chicken jerky with barbecue
and currant seasoning, confit
Turkey: oven-roasted deli meat, smoked kielbasa, breakfast sausage,
honey-smoked deli meat, turkey sausage crumbles, uncured franks,
cheddar-smoked sausage, turkey jerky, snack sticks, liverwurst

Primary Production

Boot covers from primary production facilities, chicken coop drag
swabs
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It is extremely important for food safety laboratories to have access to rapid assays that stand up to the rigor of
third-party testing. The 3M Molecular Detection Assay 2 – Salmonella along with the other assays for Listeria,
Listeria monocytogenes and E. coli O157 (including H7) have earned NF VALIDATION granted by AFNOR
Certification and have been designated by AOAC® INTERNATIONAL as AOAC® Official Methods of AnalysisSM
(Table 4). The validation of these 3M Molecular Detection Assay 2 methods certifies that each test kit has been
demonstrated to perform equivalent to the standard reference method in the detection of these pathogens
in human foods, and for some assays also in: pet food and animal feed, environmental samples and primary
production samples.
Table 4. Global Method Validations of the 3M Molecular Detection Assay 2 Family

AOAC INTERNATIONAL
Assay

12

AOAC® Performance
Tested MethodsSM

AOAC® Official Method
of AnalysisSM

NF VALIDATION by
AFNOR Certification

Campylobacter

AOAC PTM 111803

N/A

N/A

Salmonella

AOAC PTM 091501

AOAC OMA 2016.01

NF VALIDATION
3M 01/16-11/16

E. coli O157
(including H7)

N/A

AOAC OMA 2017.01

NF VALIDATION
3M 01/18-05/17

STEC

AOAC PTM 071903
(STEC Gene Screen
(stx))

N/A

N/A

STEC

AOAC PTM 071902
(STEC Gene Screen
(stx AND eae))

N/A

N/A

Listeria monocytogenes

AOAC PTM 081501

AOAC OMA 2016.08

NF VALIDATION
3M 01/15-09/16

Listeria

AOAC PTM 111501

AOAC OMA 2016.07

NF VALIDATION
3M 01/14-05/16

Cronobacter

AOAC PTM 101703

AOAC OMA 2018.01

NF VALIDATION
3M 01/20-03/18
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The entire food industry is undergoing major changes to meet the highest safety standards, and poultry
producers are a part of this movement. The USDA FSIS along with other agencies around the world are working
to establish new standards and policies driving food manufacturers, packagers, and service providers to
ensure that safety is placed at the forefront. The best course of action is to adopt a total solution from sample
collection and preparation to monitoring and detection. Whether it’s Salmonella, Campylobacter or another
microorganism of concern, the goal should be to mitigate risk at every step while improving operational
efficiencies and productivity.

See More About Poultry Testing
www.3M.com/PoultryProcessing

Request a 3M Poultry Solutions Demo
www.3M.com/PoultryDemo
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