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Post-pasteurization contamination patterns in fluid
milk

Gram-negative Bacteria

Proportion of PPC
Samples

Coliform 20%

Non-Coliform EB 7%

Non-Coliform, Non-EB

(0]
Gram Negatives 100%

Enterobacteriaceae
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Post-pasteurization contamination — a barrier to high
quality fluid milk

Band-Aid Coagulated Fruity Lacks freshness No criticism Not clearly Other Rancid Unclean
Fermented defined

m PPC Positive (n = 77) PPC Negative (n = 134)
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Understanding Your Weaknesses




Equipment Design

1.

Cleanability
Construction Materials
Accessibility

No Liquid Collection

Hermetic Sealing

6. No Niches
7. Operational Performance
8. Maintenance Enclosures

9. Hygienic Compatibility

10. Cleaning Validation



Preventative Maintenance

« Routine schedule and/or as needed
« Rubber parts
« Air Valves

« Spray balls
e CIP pumps
«  Milk pumps

**All equipment components should be compatible with
cleaning and sanitizing regimes



Preventative Maintenance




Cleaning and Sanitation

« Understand your product (type of soil)

« Water quality matters

« Measure accurately (applies to all methods)
« Verify chemical concentrations using test kits
« Understand chemical interactions

« pH range of efficacy

« Appropriate coverage and contact time

« Temperature

« Cost

« Record Keeping



Employee Behaviors

« Prevent water and other liquids from becoming stagnant

« Avoid creation of aerosols

« High pressure water should never be used to clean drains,
minimal use in all locations

« Facilitate employee handwashing

« Avoid contact with equipment that has been cleaned and
sanitized

« Re-sanitize if necessary

« Restrict unauthorized personnel from entering processing area



Understand contamination
patterns — transient vs.
persistent contaminants
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Use the Best Tests

« May require pre-enrichment for low level contamination

« Gram-negative PPC
« Total Gram-negative testing (Crystal Violet Tetrazolium Agar)

- EB
« Coliform
« Fungi

- Broad range of media (DRBC, PDA, YM, etc)
« Antibiotic vs. acidified
« Enrichment can be challenging



Rapid detection of post-pasteurization
contamination

Pre-Incubation s s 1o s s 1o
“ Temperature (°C) SR Specificity (%)

Crystal Violet Tetrazolium

(CVTA) Agar
Enterobacte.rl.aceae (EB) 71 73 100
Petrifilm
Coliform Petrifilm 21 15 100
Crystal Violet Tetrazolium
(CVTA) Agar 13 33 2t
Enterobacte'rl-aceae (EB) 13 v 100
Petrifilm

Coliform Petrifilm 13 3 100




Molecular subtyping

« Essential to understanding source tracking and contamination
patterns in food processing facilities

« DNA sequence-based subtyping
« Ribotyping
« Pulsed Field Gel Electrophoresis (PFGE)

« Whole Genome Sequencing (WGS)



DNA sequencing-based subtyping

F

GCGTCTOICLCACC TTGACGHCAG

Isolate 1 AACATGCAGACTGACGATTCGACGTAGGCTAGACGTTGACTG
Isolate 2 AACATGCAGACTGACGATTCG CGTAGGCTAGACGTTGACTG
Isolate 3 AACATGCAGACTGACGATTCGACGTAGGCTAGACGTTGACTG
Isolate 4 AACATGCA ACTGACGATTCGACG AGGCTAGACGTTGACTG




Ribotyping

. O O Why DuPont ID RiboPrint {R) Pattern
3 different strains B98-4254  DUP-1844
of bacteria
extract DNA
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https://courses.cit.cornell.edu/courses/biomi290/microscopycases/methods/ribotype.htm



Pulsed Field Gel Electrophoresis (PFGE)

The Pulsed-field Gel

Electrophoresis Process

Pulsed-field Gel Electrophoresis (PFGE)

Bacterial Culture

E DNA is now in Plugs

o The Scientist takes The bacterial cells are

bagterial cells from ] broken open with I 4
an agarplate. biochemicals, or lysed, VvV -
50 that the DNA is free in
5 the agarose plugs. The scientist loads the
¢ DNA gelatin plug into"a.gel,
) and places it in an electric
= field that separates DNA
fragments according to
Plug Mold their size.
Data Analysis (BioNumerics)
[——1

o The gelis stained so that
DNA can ba.seen Under
ultraviolet,(UV) light.

A digital camera takes a
photograph of the gel
and storesthe picture in
the computer.

Cut DNA with Restriction Enzyme

Lyse Cells and Wash Plugs

The scientist mixes bacterial
cells with melted agarose and
pours into a plug mold.
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http://www.cdc.gov/pulsenet/pathogens/protocol-images.html#pfge




Whole Genome Sequencing (WGS) for improved
subtyping

=8 Appl. Environ, Microbiol. doi:10.1128/AEM.01049-15
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A Case Study: When Cheese Gets the Blues

« Low salt, low acid cheese (pH~5.9-6.0) produced at Company X
« Customer complaints trigger source tracking investigation

« Swabs collected from equipment and processing environment

« Pseudomonas found ubiquitously







Table 3. Characteristics of selected isolates from Queso Fresco and environmental swabs and comparison isolates from an unrelated study

Isolate similarity for

Color selected tests’
Isolate origin development Fluorescence Cheese

FSL no.! Isolate ID? (:-;:unpliugs-§ on PDA’ under UV® inoculation® PFGE Ribotype
W5-203 Pseudomonas fluorescens PT-1 cheese curd (1) Blue Yes Blue 1 1
W5-206 P. fluorescens PT-1 cheese curd (1) Blue Yes Blue 1 1
W5-207 P. fluorescens PT-1 cheese curd (1) Blue (es Blue 1 1
W5-208 P. fluorescens PT-1 cheese curd (1) Blue Yes Blue 1 1
W5-287 P. fluorescens PT-2 cheese curd (1) Blue ‘es Blue 1 1
W5-206 P. fluorescens PT-2 cheese curd (1) Blue Yes Blue 2 1
W5-319 P. fluorescens CV-2 agitator drain tube swab (3) No color No No color 3 1
W5-325 P. fluorescens CV-1 agitator track swab (3) Blue Yes Blue 1 1
W5-326 P. fluorescens CV-1 agitator track swab (3) Blue Yes Blue 1 1
W5-327 P. fluorescens CV-1 agitator track swab (3) No color No No color 3 1
R5-199* P. fluorescens Dairy plant isolate No color No No color NA 1
R5-202* P. fluorescens Dairy plant isolate No color No No color NA 1




When Cheese Gets the Blues — Lessons Learned

« Molecular subtyping tools allowed for sensitive discrimination
between closely related Pseudomonas strains

« Implementation of cleaning and sanitation changes and improved
equipment design contributed to the elimination of persistent
contamination




Summary

« Know your enemy
« Pseudomonas is one of the most common bacterial agents causing PPC in
dairy products
« Understand your weaknesses

« Preventing PPC requires sanitary equipment design, stringent preventative
maintenance, comprehensive cleaning and sanitation programs, improving
employee behaviors and understanding contamination patterns

« Use the best tests

« The best indicator test should be comprehensive and take into consideration
product characteristics

« Subtyping tools are sensitive and powerful in performing root cause analysis
for PPC



