
INTRODUCTION
Idaho Technology offers an advanced PCR food security system that combines rapid air 
thermocycling and a real-time fluorimeter to reliably identify food samples. The R.A.P.I.D. 
LT Food Security System (FSS) is a complete product solution that includes hardware, 
chemistry, software and technical support. The system is designed to be Easy, Accurate, 
and Timely (EAT) in the detection and identification of foodborne pathogens such as 
Salmonella spp.

DETECTION: As part of the 
R.A.P.I.D. LT FSS, the AOAC-RI 
approved Salmonella LT kit is a rapid 
detection method for Salmonella that 
combines sensitive, rapid, real-time 
polymerase chain reaction (PCR) 
with simple sample preparation. 
The PCR process takes less than an 
hour and the entire procedure only 
17 h. The method involves a 16 h 
sample enrichment using traditional 
media, sample processing by cell 
lysis to release DNA, rehydration of 
freeze-dried assay reagents, DNA 
amplification (PCR) in the R.A.P.I.D. 
LT instrument, and automatic result 
interpretation by the R.A.P.I.D. LT 
FSS software.

IDENTIFICATION: The Salmonella 
LT kit has received AOAC-RI 
approval for a variety of matrices 
including, chicken, chocolate, ham, 
lettuce, ground beef, and eggs.  
Internal data suggests that the 
Salmonella LT kit can successfully 
identify low levels of Salmonella in 
an additional 15 matrices.  Idaho Technology is in the process of gaining AOAC-OMA 
approval for the Salmonella LT kit.

SUBTYPING: The R.A.P.I.D. LT instrument can also be used as an open platform 
for research. In this capacity, custom assays using both real-time PCR and melting 
curve analysis, can be designed to identify genetic differences between species and 
subtypes of Salmonella. We will discuss how single nucleotide differences within a 
locus could be used to differentiate subtypes of Salmonella.

Idaho Technology’s AOAC Approved R.A.P.I.D.® LT Salmonella Food Security System

DETECTION: AOAC VALIDATION RESULTS
METHOD COMPARISON
The Salmonella LT FSS was evaluated with six food types: ham, chicken, ground beef, lettuce, liquid eggs, and chocolate and was compared to reference methods. 
Each food type was inoculated in a large batch to provide enough samples for testing by both the Salmonella LT FSS and the reference method. Both inoculated and 
uninoculated batches were handled in the same manner. The inoculum concentrations were selected in order to result in 1 CFU of Salmonella per 25 g food sample. 
Ground beef, lettuce, liquid eggs, cooked ham and raw chicken samples were inoculated with liquid culture and allowed to equilibrate at 4ºC for 24-72 hours. The 
chocolate samples were melted, inoculated with liquid culture, allowed to harden at room temperature, and equilibrated at room temperature for two weeks. Each food 
matrix was inoculated with a different Salmonella enterica serovar. The following serovars were used: Salmonella Enteritidis with cooked ham; Salmonella Typhimurium 
with raw chicken; Salmonella Abony with lettuce, Salmonella Tallahassee with ground beef, Salmonella Muenchen with liquid eggs and Salmonella Senftenberg with 
chocolate. These serovars have been responsible for food-borne illness or associated with recent outbreaks.

METHOD COMPARISON RESULTS
The results obtained with raw chicken, cooked ham, chocolate, lettuce, ground beef, and liquid eggs 
show that the Salmonella LT FSS is as effective as the reference method at detecting Salmonella in all 
foods tested. Results are summarized in table I.

SPECIFICITY
A total of 123 strains of Salmonella species were evaluated. At least 50 of these strains were isolated 
from food related sources. Organisms were initially incubated in Nutrient Broth overnight. Approximately 
10-50 CFU were added to 250 mL of Buffered Peptone Water (BPW) and Non-fat dried milk plus 
brilliant green (NFDM + BG) media (because BPW is used for chicken and ham samples and NFDM for 
chocolate). Samples were processed according to the protocols for Salmonella LT FSS. In addition a 
total of 30 non-Salmonella bacteria species were evaluated, including closely related taxa. Organisms 
were initially incubated in Nutrient Broth overnight (22-24 hours) and tested with sample processing 
and DNA amplification portions of the Salmonella LT FSS.

SPECIFICITY RESULTS
Of the 123 Salmonella strains tested: 

• Two did not grow in the inoculum. Therefore, 121 strains were tested.
• A total of 119 strains were detected 
• One was a bad software call (amplified but called negative), the other was spiked low.

Of the non-Salmonella bacteria, one species (Acetobacter aceti) did not grow in the inoculum. None of the remaining 29 non-Salmonella species were detected.

COMPARISON TO REFERENCE METHODS
Chocolate samples were difficult to spike at the correct inoculum level because Salmonella died during the spiking (adding 
bacteria to hot melted chocolate), drying, or equilibration steps (sitting two weeks at room temperature). The level of death varied 
from batch to batch as well. Several batches of chocolate were tested preliminarily to attempt to achieve the desired proportion 
of positive and negative samples. Results from the three batches spiked at or near the appropriate level for individual samples 
are presented here. Batch A was spiked slightly low (1/20 positive, Table I) and Batch B slightly high (17/20 positive Table I) but 
are both very close to 1 CFU per 25 g. Batch C was tested with optimal recovery results.

CONCLUSIONS 
This PCR-based system provides reliable detection of Salmonella in about 17 hours as opposed to 72 hours for USDA and FDA BAM methods, with fewer steps 
and minimal sample handling. The data presented demonstrate that the Salmonella LT FSS is equivalent to current USDA and FDA BAM official methods used to 
detect low levels of Salmonella in food. A low level of contaminating organism is 1 CFU / 25 g of food, which means that the system can detect a single bacterium 
in a 25 gram food sample. Sensitivity and specificity were 100% compared to reference methods.

The Salmonella LT FSS is Easy, Accurate and Timely and represents a significant improvement over standard methods in a many ways including:

IDENTIFICATION: ISOLATION FROM MANY FOODS
The Salmonella LT FSS is being evaluated in our research and development group with 15 food types, in addition to the 6 foods evaluated during the AOAC validation. 
Protocols have been established for seven of the matrices; ice cream, raw fish, yogurt, frozen prawns, dry pet food, chopped tomatoes and cheddar cheese.   Each food 
type was inoculated with 1 CFU of Salmonella per 25 g.  Samples were inoculated with liquid culture and allowed to equilibrate prior to detection.  After equilibration, 
the samples were enriched in media specific to the food type and allowed to incubate for 16 hours. 

The remaining 8 food types are still in development and they include, frozen chicken, deli turkey meat, nuts, salami, dry pasta, black pepper, flour, smoked fish, and 
deli roast beef. The additional food types are being evaluated in preparation for an AOAC Official Methods of Analysis study for the Salmonella LT assay.  

RESULTS
Results are shown for chopped tomatoes and raw fish.  The chopped tomatoes were inoculated with approximately 1.66 CFU/25g and were equilibrated 72 hours at 4º 
C.  The tomato samples were added to Buffered Peptone Water and incubated for 16 hours.  Following enrichment the R.A.P.I.D. LT protocol was followed to identify 
Salmonella in the sample. All positive and negative samples were confirmed. 

The raw fish samples were inoculated with approximately 0.66 CFU/25g and were equilibrated 72 hours at 4º C.  The fish samples were added to Buffered Peptone 
Water and incubated for 16 hours.  Following enrichment the R.A.P.I.D. LT protocol was followed to identify Salmonella in the sample. All positive and negative samples 
were confirmed. Figures 2 and 3 demonstrate the R.A.P.I.D. LT real time PCR curves for the fish and chopped tomato samples respectively.

Figure 2:  Raw 
Tilapia fish 
inoculated with 
0.66CFU/25g 
after enrichment. 
Four of ten 
samples 
amplified by 
PCR and were 
subsequently 
confirmed by 
plating methods.

Figure 3:  
Chopped 
tomatoes 
inoculated with 
1.66CFU/25g 
after enrichment. 
Six of ten 
samples 
amplified by 
PCR and were 
subsequently 
confirmed by 
plating methods.

SUBTYPING: SALMONELLA
R.A.P.I.D. LT food assays use real-time PCR that involves 2 levels of specificity. (See Figure 4) Initial specificity comes from amplification primers that are designed to 
a specific chosen sequence. The second level of specificity occurs when a pair of fluorescently labeled hybridization probes binds to the internal portion of the amplified 
PCR product and produces a detectable signal through fluorescence resonance energy transfer, FRET. In the probe pair, the donor probe is labeled with a fluorescein 
at the 3’ end and the acceptor probe is labeled at the 5’ end with either LC Red 640 or LC Red 705. The acceptor probe is blocked at the 3’ end to prevent extension/
polymerization. During the PCR cycling process, the labeled hybridization probes will bind in close proximity to one another on the amplified DNA. Light from the PCR 
instrument excites the fluorescein molecule on the donor probe which then emits light. The energy from the emitted light is then transferred to the LC Red molecule on 
the acceptor probe. The acceptor probe then emits light at either 640 nm or 705 nm, and is detected by the PCR instrument. By using 2 probe pairs labeled separately 
with LC Red 640 and 705 assays can be multiplexed in separate detection channels. 

A third level of specificity can be attained through post-PCR melting curve analysis. (See Figure 5a) For this analysis, the post-PCR reaction is cooled to ~45° C to 
allow the hybridization probes to bind the amplified DNA. This results in a high level of fluorescence. The reaction is then heated slowly to ~80° C which causes the 
hybridization probes to melt off of the DNA. As the probes become separated from one another, the fluorescence will decrease. A melting curve is obtained by plotting 
the change in fluorescence vs. temperature. (Figure 5b) Melting peaks are generated from this data by plotting the negative derivative of the fluorescence change vs. 
temperature. (Figure 5c)  Variations in sequence and length will alter the hybridization probe melting temperatures (Tm).

Genetic differences between Salmonella species and serovars (subtypes) can be investigated using the techniques described above. In designing a custom assay, 
current literature, bioinformatics and sequence analysis should be used to identify gene targets and single nucleotide polymorphisms (SNPs) that are specific to 
Salmonella and the serovars of interest. SNPs that correlate directly with specific serovars can be targeted for detection by hybridization probes and melting curve 
analysis. During the design process, theoretical melting temperatures for the hybridization probes as perfect matches or containing mismatches can be calculated 
using various calculation tools. Free Hybridization Probe Melting Software v1.5 can be found at http://www.idahotech.com/Support/. An example of hybridization probe 
melting temperature differences can be found in Figure 6.

Custom assays can be designed to a gene target that is highly conserved in Salmonella species. Given an appropriately chosen target, hybridization probes designed 

to a DNA region containing one or more SNPs would allow subtyping of different Salmonella serovars. In this example, real-time PCR detection would identify the target 
as Salmonella and the melting curve analysis could differentiate between subtypes. An internal amplification control or second assay could be detected in the 705 nm 
channel. An example of how this assay might look can be seen in Figure 7.

REFERENCES 
1. U.S. Food and Drug Administration, FDA Bacteriological Analytical Manual, http://www.cfsan.fda.gov/~ebam/bam-5.htmL

2. United States Department of Agriculture/Food Safety Inspection Services Microbiological Laboratory Guidelines, http://www.fsis.usda.gov/PDF/MLG_4_03.pdf

    FIGURE 1: WORKFLOW OF INDIVIDUAL SAMPLES

    SALMONELLA LT FSS PROTOCOL

Stephanie Thatcher, Elijah Powell, Daymon Swenson, Haleigh Millward, KELLY WINTERBERG, Vivian Ngan-Win ward and Mike Powers
Idaho Technology, Inc., 390 Wakara Way, Salt Lake City, UT 84108, USA

•	 Easy to use PCR instrument
 – Freeze-dried reagents/no proprietary media
 – Designed for minimally trained users

•	 Accurate	and	specific	pathogen	testing
 – Double specificity (primer + probe)
 – Extensive scientific support & expertise

•	 Timely results
 – Shortened enrichment times
 – PCR in under an hour
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Table I. Method Comparison Results, Individual Samples
Reference Method Test Kit Test Kit Performance

Matrix Inoculating  
Organism Level MPN CFU/25g # of Test 

Portions Positive Presumed 
Positive

Confirmed	
Positive Chi Square Sensitivity  

Rate %
False  

Negative
Specificity	 

Rate %
False  

Positive

Raw Chicken Salmonella  
Typhimurium

Low <0.8 20 13 13 13 - 100 0 100 0

Control 0 5 0 0 0 - - - - -

Cooked Ham Salmonella  
Enteritidis

Low <0.8 20 7 7 7 - 100 0 100 0

Control 0 5 0 0 0 - - - - -

Chocolate Salmonella  
Senftenberg

High-B 10.8 20 17 17 17 - 100 0 100 0

Low-C 0.9 20 9 9 9 - 100 0 100 0

Low-A <0.8 20 1 1 1 - 100 0 100 0

Control 0 15 0 0 0 - - - - -

Lettuce S. Abony
Low <0.75 / 25g 20 6 6 6 - 100 0 100 0

Control 0 5 0 0 0 - - - - -

Ground Beef S. Tallahassee
Low 0.9 / 25g 20 14 13 14 0.11 92.9 7.1 100 0

Control 0 5 0 0 0 - - - - -

Liquid Egg S. Muenchen
Low <0.75 / 25g 20 9 9 9 - 100 0 100 0

Control 0 5 0 0 0 - - - - -

• Single enrichment and reduced enrichment times

• Minimal sample handling

• Easy to interpret results (software provides “positive” or “negative” answer)

• Quick results in hours not days

• Accuracy of real-time PCR

 

Figure 4. Real-Time PCR Using FRET Chemistry 
Forward (For) and reverse (Rev) primers bind to the target of interest. Hybridization probes (Donor and Acceptor) bind to the amplified DNA sequence in close proximity to one another. The donor probe is excited by light and transfers energy by FRET to 
the acceptor probe. Emitted light from the acceptor probe is detected by the R.A.P.I.D. LT instrument. The block at the 3’ end of the acceptor probe is shown as a blue X. Real-time PCR amplification curves are depicted.

Figure 5. Post-PCR Melting Curve Analysis
a. A schematic for melting curve analysis is depicted. High fluorescence levels are detected when both hybridization probes are bound to the amplified DNA. When the reaction is heated, the probe with a lower melting temperature will begin to melt off of 
the DNA. Fluorescence will decrease because the probes will no longer be in close proximity to one another. b. Typical melting curve analysis c. Typical melting peak analysis.

Figure 6. Melting Temperatures for Hybridization Probes
A schematic of the donor-acceptor probe region of a piece of DNA is shown. The donor and acceptor regions of the 5’ to 3’ strand are labeled. Three complementary hybridization probes and their predicted melting temperatures (Tm) are shown: 
including a perfect match (Tm1), single mismatch (Tm2), and double mismatch (Tm3). Mismatches represent how a SNP might be recognized in this assay. Complementary bases are shown in blue and mismatches are shown in red.

Figure 7. Salmonella Subtyping Real-time Assay Example
In this example, real-time PCR amplification curves in the 640 nm channel (a.) represent a Salmonella species assay. The melting curve analysis of these samples in the 640 nm channel (b.) shows two different melting profiles. Melting peak analysis of 
these samples at 640 nm (c.) shows two distinct melting peaks labeled as Subtype A and Subtype B. An example of an internal amplification control designed for detection at 705 nm is depicted in panels d, e and f representing the real time PCR curves, 
melting curves and melting peaks respectively.  

4

2 3

5

6

7

CONTACT INFORMATION
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Preparation:
 � From an enrichment broth 
sample, transfer 1 mL of sam-
ple into micro-centrifuge tube 
and vortex for 10 seconds.

Lysis:
 � Transfer 5 µL of sample into 
bead tube

 � Bead beat on Disruptor Genie 
for 5 minutes

Rehydration:
 � Transfer 10 µL of sample into 
a reagent tube

 � Add 10 µL of reconstitution 
buffer.

 � Mix the reagent tube by 
pipetting the sample up and 
down or by vortexing the tube 
for 3 seconds.

 � Spin the reagent tube.

PCR:
 � Pipette 18 µL into a capillary 
tube.

 � Centrifuge at low speed in a 
micro-centrifuge for 3-5 sec-
onds. 

 � Load the capillary tubes into 
the carousel.

Run Protocol:
 � Place the carousel into the 
thermal cycler.

 � Start the run.


