
Data Analysis
Table 3. Comparative Results for the Candidate and Reference Methods 

(Unpaired Samples)

POD = Probability of Detection; LCL and UCL are lower and upper limits of the 
95% Confidence Interval

Comparison of modified rapid screening assay 
and modified USDA MLG: The combination of final 
enrichment protocol with Roka® Atlas® Listeria LSP and 
L. monocytogenes LmG2 assays were clearly more
sensitive than the modified USDA MLG culture method
(Figure 1).

Figure 1. Comparison of Atlas® LSP and LmG2 assays 
(candidate methods) following final enrichment protocol, to 
the modified USDA MLG culture method7 (reference method).

Discussion
We confirmed that it is difficult to detect Listeria in probiotic cultures. The modified USDA MLG culture method is 
inadequate for this purpose because the enrichment is unable to inhibit competition from the probiotic culture. 

A modified enrichment combined with the Roka® Atlas® Listeria LSP and L. monocytogenes LmG2 assays was 
able to recover Listeria with an LOD50 of ≈1.5 CFU/25 g from a probiotic culture with a concentration of 2.6 x 1010 
CFU/g. Method development data suggests that the type of microorganism in the probiotic culture affects the 
assay LOD, potentially increasing the LOD into the range of 30-100 CFU/25 g.

The final method recovered the pathogen in a challenge of 108-times greater than the AOAC recommended 
challenge with about 100-times the concentration of the pathogen. There was 100% agreement between 
presumptive and confirmed results from the modified method.

A stand-alone validation showed the method to be suitable for detecting Listeria from freeze-dried probiotic cultures.

▶  High background counts do inhibit detection of pathogens in probiotic cultures.

▶  It is risky to use methods established for food matrices without specific verification or validation for use with
probiotics.

Conclusion
The modified enrichment method combined with detection using Roka® Atlas® Listeria LSP and L. monocytogenes 
LmG2 assays are suitable for detecting Listeria from freeze-dried probiotic cultures; the modified USDA MLG 
reference method is not. Care should be taken in selecting a suitable method for this critical testing.
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Abstract
Consumption of probiotics is increasingly popular. The 
World Health Organization defines probiotics as “live 
microorganisms which when administered in adequate 
amounts confer a health benefit on the host”. There is 
a substantial body of literature describing the 
reduction of high Listeria counts in the presence of 
competing organisms. However, no literature 
describes effective methods for detecting low levels of 
Listeria in probiotic cultures, suggesting that food-
safety monitoring of probiotics may be difficult. 

This study set out to establish the detectability of 
Listeria species in probiotic cultures and estimate the 
sensitivity of detection. A dehydrated probiotic culture 
was spiked with known concentrations of Listeria 
monocytogenes, enriched in different broth media, 
and then tested using the Roka® Atlas® Listeria 
species and L. monocytogenes test protocols. 
Recovery was not detected from probiotic samples 
spiked with approximately 30 CFU per 25 g and 
enriched at 1/10 and 1/100 in Demi-Fraser broth for 
24 h at 35°C. Supplementation of the enrichment 
medium with antibiotics (colistin sulfate 10.0 mg/L with 
moxalactam 20.0 mg/L; clindamycin plus erythromycin 
both at 8 mg/L: and all four together) did not lead to 
Listeria recovery. However, a 30 CFU/25 g spike was 
detectable after thermal pasteurization of the 
probiotic, showing that it was purely competitive 
pressure inhibiting Listeria recovery. A spike level as 
low as 100 CFU/25 g sample was detected following 
24 h incubation at 1/100 in Demi-Fraser broth at 35°C, 
establishing that the limit of detection of Listeria in this 
type of matrix is between 30 and 100 CFU/25 g 
sample. 

The data support the challenging nature of Listeria 
detection from concentrated probiotic cultures. 
However, the observed detection limit is likely still 
protective of public health given the extensive 
literature on death of Listeria in these environments.

Background
Probiotics are “live microorganisms which, when 
administered in adequate amounts, confer a health 
benefit on the host” (WHO).1 Organisms often seen 
include species of Bacillus, Bifidobacterium, 
Enterococcus, Lactobacillus, Saccharomyces and 
Streptococcus.2 The global probiotics market is large 
($35B USD in 2015) and fast growing (7% CAGR: 
category average growth rate), with about 90% of the 
market for human food use and 10% animal feed.3

The literature indicates that probiotics may inhibit 
growth of pathogens, or even kill them,4,5,6 which is 
seen as one of the mechanisms by which probiotics 
provide benefits. However:

▶  High background counts may inhibit detection of
pathogens in probiotic cultures.

▶  It may be risky to use methods established for food
matrices without specific verification or validation
for use with probiotics.

Objective
To explore recovery of Listeria from a background of 
probiotic cultures and demonstrate and validate an 
effective, sensitive method for detecting Listeria spp. 
and L. monocytogenes in probiotic cultures to protect 
public health.

Materials and Methods
Method Development

Roka® Atlas® detection platform, using RNA-based 
transcription mediated amplification. Image used 
with permission from Roka BioSciences.
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Method Validation

Final rapid detection: Final enrichment protocol 
followed by Roka® Listeria LSP and L. monocytogenes 
LmG2 kits and Atlas® instrument.

Probiotic: Freeze dried proprietary preparation from 
BioSource Flavors Inc., Muskego, WI.

Probiotic background count: Probiotic background 
was enumerated using a total probiotic plate count 
method modified from the Compendium of Methods for 
the Microbiological Examination of Foods (Probiotics) 
5th Edition.2

Inoculation: BioMérieux® Bioballs® containing freeze-
dried Listeria monocytogenes at 30 CFU/Bioball and 
Microbiologics® EZ-FPC™ L. monocytogenes pellets at 
390 CFU/pellet were crushed and distributed into freeze-
dried probiotic culture to give desired concentrations.

Reference method: The confirmation method was 
modified from United States Department of Agriculture 
Microbiology Laboratory Guidebook7 (USDA MLG) with 
primary enrichment using Demi-Fraser broth at a 1:10 
sample to media ratio.

Candidate rapid detection method: Final enrichment 
protocol followed by Roka® LSP and LmG2 assays with 
Atlas® instrument.

Confirmation method: The confirmation method was 
the modified USDA MLG method above, entered after 
primary enrichment. 

Comparison: The replicates tested by the Atlas® 
method (candidate) and modified USDA MLG method 
(reference) were unpaired, meaning the enrichment 
conditions differed between the two methods.

Inoculum Sample

Candidate Presumptive Candidate 
ConfirmationAtlas® LSP Atlas® LmG2 

0 CFU/25 g

1 - - -
2 - - -
3 - - -
4 - - -
5 - - -

2 CFU/25 g

6 - - -
7 - - -
8 - - -
9 + + +
10 + + +
11 + + +
12 + + +
13 + + +
14 + + +
15 + + +
16 + + +
17 + + +
18 + + +
19 - - -
20 + + +
21 + + +
22 + + +
23 + + +
24 + + +
25 + + +

28 CFU/25 g

26 + + +
27 + + +
28 + + +
29 + + +
30 + + +
31 + + +
32 + + +
33 + + +
34 + + +
35 + + +
36 + + +
37 + + +
38 + + +
39 + + +
40 + + +
41 + + +
42 + + +
43 + + +

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
- - -
+ + +

44
45

140 CFU/25 g

51
52
53
54
55

280 CFU/25 g

58
59
60
61
62

0 CFU (Negative control) 63
30 CFU (Positive control) 64

Results
Probiotic background count:  
The probiotic preparation contained 
2.6 x 1010 CFU/g.

Effectiveness of modified USDA MLG 
method: Ineffective (Table 1).

Validation of rapid Listeria assay using 
modified enrichment: There was 100% 
agreement between screening and 
confirmation methods (Table 2) and at  
2 CFU/25 g sample, the Probability of 
Detection (POD) was 80% (Table 3), 
giving an LOD50 of ≈1.5 CFU/25 g.

Table 1. Recovery of Listeria monocytogenes 
Inoculated at 30 CFU/25 g and 195 CFU/25 g 

Sample of Probiotic Culture Incubated at  
35°C for 24 to 28 h 

Table 2. Detection of Listeria spp. and Listeria monocytogenes in 
Inoculated Freeze-Dried Probiotic Powder by Final Enrichment Protocol

The reference method (modified from USDA MLG) was 
used, enriched with 225 mL Demi-Fraser broth.

Inoculum Sample Reference Method

30 CFU/25 g

1 Negative
2 Negative
3 Negative
4 Negative
5 Negative

195 CFU/25 g 6 Negative
7 Negative

Screening was done by Roka® Atlas® Listeria LSP and L. monocytogenes LmG2 
assays and confirmation by modified USDA MLG culture method from primary 
enrichment. There was 100% agreement between the two Listeria screening methods 
and the confirmation method.
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Method CFU/25 g # tested # positive POD LCL, UCL

Candidate: Final 
enrichment protocol with
Roka® LSP and LmG2 
assays

0 5 0 0.00 (0.00, 0.43)
2 20 16 0.80 (0.58, 0.92)
28 20 20 1.00 (0.84, 1.00)

140 5 5 1.00 (0.57, 1.00)
280 5 5 1.00 (0.57, 1.00)

Reference: Modified
USDA MLG

30 5 0 0 (0.00, 0.43)
195 2 0 0 (0.00, 0.66)
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