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INTRODUCTION:
The United States Department of Agriculture Food Safety and 
Inspection Service (USDA FSIS) does not maintain a zero-
tolerance policy for Salmonella despite being a known food safety 
hazard in poultry. Instead, the prevalence of Salmonella is 
measured under established pathogen reduction performance 
standards set by the USDA FSIS in 19961. In 2016, USDA FSIS 
set the maximum acceptable percent positive for comminuted 
turkey (325 g sample) at 13.5% (7 of 52 samples)2. However, 
many poultry producers are interested in quantifying Salmonella
to ensure process controls are effectively working. 

PURPOSE AND OBJECTIVES:
Purpose: 
Evaluate the efficacy of cycle threshold (CT) values reported from 
the BAX® System Real-Time Salmonella PCR assay to accurately 
estimate the Log10 CFU/sample contamination level in HPP 
ground turkey. 

Objectives:
1. Develop linear fit curves from CT values for timepoints

2. Compare linear fit curves using R2 

value and RMSE

3. Recommend enrichment parameters to industry to quantify 
Salmonella in HPP ground turkey
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RESULTS:
The 6h incubation provided the best fit linear curves in both 
studies (R2 = 0.97 and 0.93; RMSE = 0.32 and 0.43; Figure 1A & 
1B) compared to the 8h curves (R2 = 0.90 and 0.88; RMSE = 0.63 
and 0.68; data not shown).  In both studies, the 8h incubation 
data was truncated at < 3.0 Log10 CFU/sample and the resulting 
best fit linear curves were more accurate (R2 = 0.90 and 0.88; 
RMSE = 0.37 and 0.37) in enumerating Salmonella at a lower 
level (0.00 to 2.83 and 0.00 to 2.98 Log10 CFU/sample Figure 1C 
and 1D) than the 6h curves that had a 0.83 and 0.98 Log10 
CFU/sample lower level of enumeration.

Figure 1: A) Study 1 6h, B) Study 2 6h, C) Study 1 8h (truncated), and D) Study 2 8h 
(truncated) comparisons of Estimated Log10CFU/sample to Spiked Log10 CFU/sample.  
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A) B)

C) D)

R2 = 0.97
RMSE = 0.32

R2 = 0.90
RMSE = 0.37

R2 = 0.93
RMSE = 0.43

R2 = 0.88
RMSE = 0.37

Spiked Log10 CFU/sample Estimated Log10 CFU/sample Standard Error
0.00 -0.06 0.18
0.83 0.90 0.10
1.83 1.83 0.12
2.83 2.80 0.09

Spiked Log10 CFU/sample Estimated Log10 CFU/sample Standard Error
0.83 1.09 0.12
1.83 1.76 0.09
2.83 2.53 0.13
3.83 3.91 0.06
4.83 4.69 0.06
5.83 6.02 0.04

Spiked Log10 CFU/sample Estimated Log 10 CFU/sample Standard Error
0.98 1.89 0.55
1.98 2.01 0.09
2.98 2.53 0.12
3.98 3.87 0.08
4.98 4.89 0.10
5.98 6.28 0.07

Spiked Log10 CFU/sample Estimated Log 10 CFU/sample Standard Error
0.00 0.40 0.12
0.98 0.87 0.13
1.98 1.78 0.13
2.98 3.14 0.07

METHODS:

Sample Preparation
• 24 – 375 g aliquots 
• 3 biological replicates
• 7 inoculation levels + 3 non-

inoculated samples for each 
study (Study 1 and 2)

Sample Inoculation
5-Strain Salmonella cocktail from 

0.0 to 6.0 Log10 CFU/sample at 1.0 
Log10 increments

5-Strain Salmonella Cocktail
(Typhimurium, Hadar, Heidelberg, 

Newport and Enteritidis)

Enrichment Parameters
• Media: 975 mL of pre-warmed 

(45°C) BAX MP media 
• Incubation: 45°C for 6 and 8 h  

Data Collection
CT values from each lysate were 
tabulated in Excel for statistical 

analysis using JMP 14.1.0

Data Analyses
A linear best fit equation to 

estimate Log10 CFU/sample of 
Salmonella was generated 

comparing CT value (dependent 
variable) to known inoculation level 

(independent variable) 

BAX Lysate Preparation
• For all 24 samples, at both 6 and 

8 h enrichment timepoints, 
triplicate lysates were prepared.

• Total 144 PCR tests were 
performed per study
(24 samples × 2 timepoints × 3 

technical replications = 144)

Curve Interpretation 
R2 and RMSE were compared to 

determine most appropriate 
enrichment parameters

SIGNIFICANCE:
Utilization of CT values for estimating Log10 CFU/sample of 
Salmonella prior to enrichment in HPP ground turkey provides 
an accurate estimation with a wide enumerable range at low 
concentrations and within-shift time-to-results.  Using the BAX®

System Real-Time PCR assay for Salmonella will provide the 
industry with much needed information to have better resolution 
into process controls.    
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