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USMARC Enumeration Method for Salmonella from Poultry
Carcass Rinse Samples.

When referencing this method, please site:

Brichta-Harhay, D.M., T.M. Arthur and M. Koohmaraie. 2007. Direct Plating Methods
for the Enumeration of Salmonella from Poultry Carcass Rinses. J. Food Prot. (In
Preparation).

Poultry carcass rinse sample preparation:

Chicken carcasses were obtained from three sites in the processing line: prior to the
inside outside bird wash (Pre-IOBW), prior to the chill step (Pre-chill) and after the chill
step (Post-chill). Sterile technique was observed during sample collection. Samples were
individually bagged, placed in a cooler containing icepacks and sent to USMARC for
processing. Samples were processed within 24 h of collection.  Whole carcass rinses were
obtained as follows:

1. Aseptically transfer carcass to sterile bag (Nasco, Ft. Atkinson, WI) and record
carcass weight (g).

2. Pour 400 ml of sterile Difco buffered peptone water (BPW, Beckton Dickinson,
Sparks, MD) into and onto the carcass.

3. Rinse by inverting the carcass back and forth for one min.

4. Carcass rinse fluid now ready for further processing.

Carcass weight (g) to carcass surface area (cm2) conversion was calculated using the
formula reported by Thomas (8) and is given by the equation:

Carcass surface area (cm2) = 0.87(w) + 635

where w = the weight of the carcass in grams. For the cm2/ml conversion factor, divide
total cm2 by 400 ml of BPW used for the carcass rinse.
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Spiral plate count method (SPCM) for the enumeration of Salmonella from Pre-
IOBW carcass rinse samples (1, 2, 4):

1. Remove a 1 ml aliquot of Pre-IOBW carcass rinse to a micro-centrifuge tube.
2. Spiral plate (Spiral Biotech Autoplate 4000 set in logarithmic mode) 50 µl of the

carcass rinse in quadruplicate (200 µl total) onto XLDtnc medium (Xylose-Lysine-
Deoxycholate medium (Oxoid, Remel), containing 4.6 ml L-1 tergitol (a.k.a.
Niaproof, Sigma), 15 mg L-1 of novobiocin and 10 mg L-1 cefesulodin (1,2).

3. Incubate plates at 37°C for 18-20 h, and check for the presence of typical
Salmonella colonies (typical H2S producing Salmonella appear as black colonies
with a clear, pink outer ring).

4. Incubate plates for an additional 18-20 h at room temperature (approximately
25°C) and check again for the presence of Salmonella.

5. Pick up to 10 colonies per sample and confirm as Salmonella with a PCR reaction
for the Salmonella specific portion of the invA gene (5, 6).
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Hydrophobic grid membrane filtration (HGMF) for the enumeration of Salmonella
from Pre-chill carcass rinse samples (1, 2, 3, 7):

1. Place a 1 ml aliquot of carcass rinse sample into a 50 ml conical tube with 23 ml
of BPW and 1% (v/v) Tween 80 (Sigma).

2. Dispense the 24 ml solution onto four HGMF membranes (ISO-GRID membranes
(Neogen, Lansing, MI)), six ml per membrane (effectively 250 µl of original
carcass sample evaluated per membrane).

3. Filter the samples onto HGMF membranes using a FiltaFlex Spread Filter
apparatus (FiltaFlex Ltd. Canada) and then transfer the membranes to XLDtnc agar
plates.

4. Incubate plates at 37°C for 18-20 h and check for putative Salmonella colonies.
5. Incubate the plates for an additional 18-20 h at 25°C and check again for putative

Salmonella colonies.
6. Pick up to 10 colonies per positive sample and perform invA PCR confirmation.
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Hydrophobic grid membrane filtration (HGMF) for the enumeration of Salmonella
from Post-chill carcass rinse samples (1, 2, 3, 7):

1. Remove 40 ml of Post-carcass rinse sample to a 50 ml conical tube.
2. Apply 10 ml of Post-carcass rinse sample to each of four HGMF membranes,

again using a FiltaFlex Spread Filter apparatus. Care must be taken when
applying 10 ml to the HGMF membrane as this is the maximum volume that the
membrane can hold without spilling over the grid boundary.

3. Transfer membranes to XLDtnc agar and incubate at 37°C for 18-20 h and then an
additional 18-20 h at 25°C.

4. Confirm putative Salmonella isolates were using invA PCR.
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Figure 1.  Schematic Overview of Poultry Salmonella Enumeration Method.
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Calculations

1.  Spiral Plate Count Method (SPCM) for Pre-IOBW samples
CFU/100 cm2 calculation*:

Total CFU on all four XLDtnc plates = CFU/200 µl.
CFU/200 µl x 5 = CFU/ml
CFU/ml ÷ cm2/ml = CFU/cm2

CFU/cm2 x 100 = CFU/100cm2

Operational limit: 5.0 x 100 CFU/ml

2.  Hydrophobic Grid Membrane Filtration (HGMF) for Pre-chill rinse samples
CFU/100 cm2 calculation*‡:

Total CFU on all four membranes = CFU/ml
CFU/ml ÷ cm2/ml = CFU/cm2

CFU/cm2 x 100 = CFU/100cm2

Operational limit: 1.0 x 100 CFU/ml

3.  HGMF for Post-chill rinse samples
CFU/100 cm2 calculation*‡:

Total CFU on all four membranes = CFU/40 ml
CFU/40 ml ÷ 40 = CFU/ml
CFU/ml ÷ CFU/cm2 = CFU/cm2

CFU/cm2 x 100 = CFU/100cm2

Operational limit = 2.5 x 10-1 CFU/ml

Notes
‡ If the CFU of Salmonella observed per HGMF membrane is greater than 50, then the
CFU score should be converted to the HGMF-MPN score using the formula:

HGMF-MPN = 1600 x loge [1600/(1600-CFU)]

or by referring to an HGMF-MPN conversion table (ISO-GRID Methods Manual, 3rd

Edition 1999, Neogen).

* Putative Salmonella isolates are confirmed using invA PCR. Here up to 10 colonies are
picked per positive sample. If any of these isolates are found to be invA PCR negative,
then the percent positive out of the number tested is calculated and this conversion is
applied to the total Salmonella CFU score.
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