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Abstract: Salmonella infection is one of the major global public health hazards and remains as an economic burden to both
developed and developing countries through the costs associated with trade banning, as well as surveillance, prevention, and treatment
of the disease. Confirmatory and rapid identification of Salmonella in feed and foods of animal origin is crucial for mitigating the
associated burdens. The conventional methods for isolation and identification of Salmonella species are based on culture and
biochemical tests and are very time-consuming requiring 10-11 days. Hence, these drawbacks of the conventional methods warrant a
rapid method for confirmatory identification of Salmonella in feed and foods of animal origin. Therefore, a method based on
matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry (MS) was developed and verified for its
reliable use in the laboratory. For verification, Salmonella typhimurium (ATCC 14028) was used as the target bacteria. E. coli (ATCC
25922) and Staphylococcus aureus (ATCC 25923) were used as non-target bacteria. Salmonella typhimurium (ATCC 14028)
produced black colonies with metallic sheen on BS agars, black colonies on XLD agars, and black-centered blue colonies on HE agars.
MALDI TOF MS was found very efficient for confirmatory identification of Salmonella bacteria at the genus level without performing
biochemical tests. Confirmatory identification of Salmonella could be made within four to five days after the commencement of the test.
The expected limit of detection (eLODs) of Salmonella in chicken and beef was found < 1.7 £ 0, inmilk 1.2+ 0.2, ineggs < 1.2+ 0.2,
and in feed pellet < 1.6 £+ 0.2 CFU/test portion. The accuracy, sensitivity, and specificity of the method were found 98%, 96%, and
100% respectively. No significant effects (p = 0.400) of sample matrices were found on test results carried out by the developed
method. Likewise, in terms of ruggedness, no significant effects of analyst change (p = 0.787), incubator change (p = 0.787), and
day change (p = 0.242) were found in the test results. The method was found robust and could be used in the laboratory for rapid and
confirmatory identification of Salmonella in feeds, and foods of animal origin.
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temperatures ranging between 8 to 45°C, at pH between 4.0 to
9.5, and in conditions of low water activity of 0.94 [3].
Salmonella bacteria is classified into S. enterica and S. bongori
species based on the genetic diversity in their 16S rRNA. S.
enterica is further classified into six subspecies based on their
genomic relatedness and biochemical properties, which are- S.
enterica subsp. enterica; S. enterica subsp. salamae; S. enterica
subsp. arizonae; S. enterica subsp. diarizonae; S. enterica subsp.
houtenae; and S. enterica subsp. indica. Among the subspecies, S.

1. Introduction

Salmonella bacteria are Gram-negative, facultative anaerobic,
non-spore-forming, straight rods belonging to the family
Enterobateriaceae [1]. Salmonella species are predominantly
motile bacteria by peritrichous flagella with cell diameters
between 0.7 and 1.5 um, and lengths from 2 to 5 um [2]. The
bacteria may survive in variable conditions and able to grow at
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enterica subsp. enterica is predominantly responsible for
approximately 99% of Salmonella infections in humans and
warm-blooded animals [4]. S. typhi and S. paratyphi serovars of
Salmonella  genus are pathogenic for humans, but
non-pathogenic for animals. On the other hand, serotype S.
cholerasuis, mostly carried by pigs, can cause salmonellosis in
humans. Serovars S. enteritidis and S. typhimurium cause
gastrointestinal tract infections in humans [2].

Salmonella infection is considered as one of the major global
public and animal health hazards and remains as an economic
burden to both developed and developing countries through the
costs associated with surveillance, prevention and treatment of
disease [4]. Four different clinical manifestations of Salmonella
infection in humans are gastroenteritis, enteric fever, bacteremia
and other extraintestinal complications, and chronic carrier state
[5]. The organisms are transmitted via the ingestion of food or
water contaminated with the wastes of infected individuals or
animals [4]. Animals acquire Salmonella via vertical, or
horizontal transmission from the contaminated environment,
vehicles, feed, and vectors. After getting the bacteria, these
animals become Salmonella disseminators through both
horizontal and vertical pathways during primary production [6].

Eventually, animals are the primary source of salmonellae,
and animal-based foods are the main transmission route to
humans. Food contamination by Salmonella bacteria is a
significant public health concern for consumers worldwide.
The economic consequences are also crucial for the food
producers and the industries. Ninety five percent Salmonella
originated acute gastroenteritis occurs through consumption
of contaminated food, especially meat and eggs [7]. Among
the animal-based foods, pork is usually contaminated by
Typhimurium and Derby serovars, whereas, poultry products
disseminate Enteritidis, Typhimurium, and Sofia serovars to
humans. Beef is contaminated predominantly by
Typhimurium, Anatum and Weltevreden serovars [6]. Eggs
may get Salmonella contamination directly during the
formation of an egg in the reproductive tract of hens
(including the ovary and oviduct); or, indirectly from
contaminated environment where the bacteria penetrates
through the shell membrane [8]. Among the different
serotypes, S. enteritidis and S. typhimurium are considered to
be zoonotic pathogens and responsible for non-typhoid human
salmonellosis characterized by acute gastroenteritis [7].
Salmonella bacteria should be absent in animal-based food
products [9]. Livestock carrying these bacteria rarely develop
symptoms and making them almost impossible to detect, but
animal-based foods get contaminated during the process of
food handling, preparation and storage. Thus, identification
and confirmation of salmonellae in foods play an important
role for preventing food borne outbreaks [7].

Conventional methods for isolation, identification and
confirmation of Salmonella species in sample matrices are
usually based on culturing the organism on differential agar
media and subsequent biochemical tests [10]. The basic steps
in conventional methods for the detection of Sa/monella in
feed and food samples include a pre-enrichment in an

appropriate media followed by selective enrichment in broth
media, and isolation on differential media and finally
biochemical and serological confirmation [7]. The
conventional methods are cumbersome, time consuming and
interpretation of test results is often difficult. At least four to
five days are required to obtain the initial results, and four to
six additional days to confirm a positive result by biochemical
and serological tests [11, 12]. During this long period of time
required for completion of the tests, there is a risk for
commercialization of the food stocks be forbidden. Hence,
these drawbacks of the conventional methods warrant a
reliable method for rapid identification and confirmation of
Salmonella in feed and foods. Matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry (MS) is such a rapid and reliable method that
could be alternative to reference methods for confirmatory
identification of Salmonella in feed and food matrices [13-15].

MALDI-TOF MS is a robust tool for microbial identification
[16]. In this method, bacterial protein profiles obtained from
ribosomes are compared to a database of bacterial reference mass
spectra for rapid identification at the genus, species, and even at
the subspecies level [17]. Bacterial ribosomal proteome ranging
from 4000 Da to 20,000 Da are readily scanned, identified and
distinguished in the system [13]. The identification is typically
done from fresh cultures on agar plates. In this technique, the
sample for analysis is prepared on a target plate first by mixing
with a matrix and dried. Then, the sample-matrix mixture is
ionized using a laser beam to convert the molecules to gas-phase
ions and individually charged [M+H]J+. Once the sample
molecules are ionized, the ions are arranged and separated based
on their m/z ratio using a TOF mass analyzer [14]. Microbial
identification through MALDI-TOF MS technique has
advantages over reference methods by virtue of its rapidness,
efficiency and low cost operation [15]. Hence, in our laboratory
we developed and verified a MALDI-TOF MS based method for
rapid and confirmatory identification of Salmonella species in
feed and foods.

2. Methods
2.1. Method Development and Verification Plan

For rapid and confirmatory identification of Salmonella
species in feed and foods, the method under the present study
was developed based on the US Food and Drug
Administration’s Bacteriological Analytical Manual (FDA’s
BAM) Chapter 5 and Association of Official Analytical
Chemists (AOAC) Official Method 2017.09. In this method,
the target bacteria was first isolated on selective Xylose lysine
desoxycholate (XLD) agar, Hektoen enteric (HE) agar, and
Bismuth sulfite (BS) agar according to the procedure
described in FDA’s BAM Chapter 5 followed by confirmatory
identification by MALDI Biotyper (Bruker microflex LT,
Germany) following AOAC Official Method 2017.09 [11, 18].
Henceforth, the method was verified in the laboratory
following the plan delineated in Figure 1.



86 Md. Al-Amin et al.:

Development and Verification of a MALDI-TOF MS-Based Method for Rapid and Confirmatory

Identification of Salmonella in Feed and Foods

Method verification plan

Stock culture preparation

Quantification by TAC || Stock culture preparation

method & preservation (Salmonella)

Stock culture preparation
(Non-Salmonella)

Quantification by TAC
method & preservation

e

Spiking of Salmonella (ATCC 14028) [High,
Intermediate, Low & Blank level] in sample
matrices

v

Homogenization & pre-
enrichment in LB/TSB/BPW

Selective enrichment in TT
broth & RV broth

Isolation of Salmonella on BS,
XLD & HE agars

|

Detection of Salmonella by
Bruker MALDI TOF MS

l

’ Result recording

T~

Spiking of non-Salmonella (E. coli 25922 &
Staph. 25923) [High & Blank level] in sample
matrices

\

Homogenization & pre-
enrichment in LB/TSB/BPW

|

Selective enrichment in TT
broth & RV broth

Isolation of bacteria on BS,
XLD & HE agars

Detection of bacteria by
Bruker MALDI TOF MS

L

Result recording

Figure 1. Flow diagram showing the method verification plan and procedure.

TAC= Total aerobic count, ATCC= American type culture collection, LB= Lactose broth, TSB= Trypticase soy broth, BPW= Buffered peptone water, TT=
Tetrathionate, RV= Rappaport-Vassiliadis, BS= Bismuth sulfite, XLD= Xylose lysine desoxycholate, HE= Hektoen enteric, MALDI TOF MS= Matrix-assisted

laser desorption/ionization time-of-flight mass spectrometry.

The qualitative method developed in the present study was
verified following the ISO 16140 and National Association of
Testing Authorities (NATA), Australia 2012 guidelines.
Hence, expected limit of detection (eLODsy), accuracy,
sensitivity, specificity, matrix effect, and ruggedness of the
method were determined [19, 20].

2.2. Reference Bacterial Strains and Inoculum Preparation

Three different reference bacterial strains Salmonella
typhimurium (ATCC 14028), E. coli (ATCC 25922) and
Staphylococcus aureus (ATCC 25923) were used for the
verification of the method. The bacterial strains were
purchased from Microbiologics, Saint Cloud, Minnesota,
USA. The freeze dried bacterial strains were revived
following the manufacturer’s guidelines and preserved in
laboratory following the procedure described in [21].
Salmonella typhimurium (ATCC 14028) was used as target
bacteria whereas E. coli (ATCC 25922) and Staphylococcus
aureus (ATCC 25923) were used as non-Salmonella during
the process of method verification (Figure 1).

For inoculum preparation, the bacterial strains were grown
in tryptic soy broth (Liofilchem, Italy) and incubated at 35°C
for 24 h to obtain expected bacterial concentrations of 10°

CFU/ml. Hereafter, serial 10-fold dilutions in 10-ml volumes
were prepared for each bacterial strain to obtain expected
high-level (10 CFU/mL), intermediate level (5 CFU/mL), and
low level (1 CFU/mL) inocula [19, 22]. To determine the
actual bacterial count in inoculum levels, the high-level
inoculum was enumerated in non-selective Plate Count Agar
media (Liofilchem, Italy) following FDA’s BAM chapter 3
[23]. The counts of the intermediate and low-levels were
calculated using the counts obtained from high-level inoculum
and taking into account the dilutions factors used [19]. The
procedure was repeated for six times for each bacterial strain
and the mean bacterial counts were used for expected limit of
detections, (eLODso) calculation. The inoculums were
aliquoted in 1 mL volume and preserved at -80°C until further
use.

2.3. Artificial Contamination of Food and Feed Sample
Matrices

Five different types of sample matrices- chicken, beef, milk,
eggs, and feed pellets were used to verify the method. All the
sample matrices were autoclaved prior to use to confirm
sterility. For each sample matrix, eight test portions each
containing 25 g were prepared. For target bacteria, test
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portions were spiked as the following plan: 2 at high level (10
CFU), 2 at intermediate level (5 CFU), 2 at low level (1 CFU),
and 2 at blank level (Figure 1) [19]. For non-Salmonella
bacteria, four test portions were used for each sample matrix
where 2 portions were spiked at a high level and 2 portions
were kept blank.

On the first day (08/11/2021), chicken and beef sample
portions were artificially contaminated by Analyst 1 and
proceeded to further steps. Likewise, on the second day
(09/11/2021), the experiment was conducted on milk and egg
sample portions by Analyst 2 and Analyst 3 respectively.
Furthermore, Analyst 2 conducted the experiment on feed
pellets on the third day. (10/11/2021).

2.4. Isolation of Bacteria from Artificially Contaminated
Samples

Bacteria from spiked sample matrices were isolated
following the procedure described in FDA’s BAM Chapter 5
[11]. Briefly, 225 mL of appropriate pre-enriched media (LB
for chicken, beef, and milk; TSB for eggs, and BPW for feed
pellets) was added to each spiked 25 g sample portion and
thoroughly mixed by an automated homogenizer (BagMixer,
Interscience, France). After homogenization, the mixture was
incubated for 24 + 2 hours at 35°C. After pre-enrichment, the
mixture was subjected to selective enrichment in both TT and
RV broth for 24 + 2 hours at 35 + 2.0°C and 42 + 0.2°C
respectively. Henceforth, mixtures from both TT and RV
broth were inoculated on XLD, HE and BS agars. The agar
plates were incubated for 24 + 2 hours at 35°C and colonies
were examined.

2.5. Identification of Bacteria

The colonies from XLD, HE and BS agar plates were
examined by Bruker MALDI Biotyper for confirmation and
identification of both Salmonella and non-Salmonella species
[13, 18, 24]. Reusable steel target plates were prepared using
extended direct transfer (eDT) procedure [18]. Using a sterile
colony-transfer device, smear of an isolated colony of bacteria
was prepared as a thin film directly onto a sample position of
target plate. The smear was overlaid with 1 pl 70% aqueous
formic acid and allow to dry at room temperature. Al position
on the target plate was selected for bacterial test standard
(BTS) control in each run and 1 pl of BTS solution was added
at that point. After samples and BTS had dried, 1 ul HCCA
matrix was added to the each BTS and sample points and dried
at room temperature. Thereby, the target plate was ready for
examination. Target plates were read by using two software
namely flexControl and MBT Compass following
manufacturer’s protocol. The spectrum patterns generated
from bacterial ribosomal proteins were used to reliably and
accurately identify the bacteria [13]. The spectrum values
presented in green with scores >2.0 were determined to be
acceptable with high confidence identification. Those
presented in yellow with scores between 1.70 and 1.99 were
determined to be acceptable with low confidence
identification. Results presented in red with scores <1.70 were

considered not acceptable for identification [18].

2.6. Determination of Expected Limit of Detections,
(eLODsy)

eLODs, for target bacteria (Salmonella spp.) was
determined following ISO/DIS 16140-3: 2017 [19]. The data
obtained from spiking and subsequent recovery of Salmonella
typhimurium (ATCC 14028) in different food matrices were
used for eLODs, determination (Table 2).

2.7. Determination of Accuracy, Sensitivity, and Specificity

Accuracy, sensitivity, and specificity of the method was
calculated from the following formulae [20, 25]

TP+TN
Accuracy = ——
TP+TN+FP+FN
e TP
Sensitivity =
TP+FN
o TN
Specificity =
P Y= Inerp

Here, TP =true positive, FN=false negative, TN=true
negative and FP=false positive.

Values of TP, FN, TN and FP were determined from
spiking and recovery data of all three bacteria used in the
study.

2.8. Matrix Effect and Ruggedness Calculation

Effects of sample matrices on test results were determined;
and ruggedness in terms of effects of analyst change,
incubator change, and day change were determined as well.
Chi-square test was used to determine the sample matrix
effects and the ruggedness of the test method. Associations
were compared in IBM SPSS Statistics 20 software. Analyses
were carried out at a 95% confidence level and p-values less
than 0.05 were considered significant [20].

3. Results

3.1. Inoculums Preparation

Inoculums at high, intermediate, and low-levels were
prepared for each bacterial strains used in this method
verification procedure. The actual bacterial counts determined
at different inoculum levels are delineated in Table 1.

3.2. Isolation of Salmonella and Non-salmonella Bacteria

A total of 70 individual sample portions were spiked to
verify the method (Table 2 and Table 3). Target organism
(Salmonella typhimurium, ATCC 14028) was spiked in 30
sample portions; whereas, non-Salmonella bacteria (E. coli,
ATCC 25922 & Staphylococcus aureus, ATCC 25923) were
spiked in other 20 sample portions. A total of 20 sample
portions were kept blank. Salmonella typhimurium (ATCC
14028) bacteria produced black colonies with metallic sheen
on BS agars, black colonies on XLD agars and black centered
blue colonies on HE agars (Figure 2).
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Table 1. Actual bacterial counts at high, intermediate, and low-level inoculums prepared during method verification.

Name of Bacteria Days Bacterial count (CFU) Mean CFU+SD
1 2 High-level Intermediate-level Low-level
St 17 17 170 8,540 1.7%0
(ATCC 14028) Day 2 13 10 11.542 5.8+1 12402
Day 3 17 14 15.5¢2 7.8+1 1.6+0.2
Day 1 15 17 16+1 ND ND
E. coli (ATCC 25922) Day 2 12 9 10.5+2 ND ND
Day 3 17 14 15.542 ND ND
Staphylococcus aureus Day 1 - 16 13.5+4 ND ND
(ATCC 25923) Dayl 11 8 9.542 ND ND
Day 3 12 10 11£1 ND ND

CFU=Colony forming unit, SD= Standard deviation, ND= Not done.

@) - ®)

©

Figure 2. Isolation of Salmonella typhimurium (ATCC 14028) on different isolation agar media. Black colonies with metallic sheen on BS agar (A), black

colonies on XLD agar (B), and black centered blue colonies on HE agars (C).

E. coli (ATCC 25922) produced yellow colonies on XLD
agar, brownish colonies on BS agar, and pink colonies on HE
agar. Salmonella typhimurium could be isolated from 29 out of
30 spiked sample portions (Table 2), whereas, E. coli could be

isolated from all 20 spiked sample portions (Table 3).
Staphylococcus aureus (ATCC 25923) could not be isolated
on BS, XLD and HE agars. All the blank sample portions were
found negative to any bacteria.

Table 2. Expected limit of detection (eLODs) for Salmonella typhimurium (ATCC 14028) in different sample matrices.

Positive/Spike ratio

Sample matrix type

eLODs/test portion (CFU) [19]

High-level Intermediate-level Low-level Blank
Chicken 2/2 2/2 2/2 072 <1.7+0
Beef 2/2 2/2 2/2 0/2 <1.7£0
Milk 2/2 2/2 172 072 1.240.2
Egg 2/2 2/2 2/2 072 <1.2+0.2
Feed pellet 2/2 2/2 2/2 0/2 <1.6+0.2
Total= 10/10 10/10 9/10 0/10 -

Table 3. Results of non-Salmonella (E. coli, ATCC25922 & Staphylococcus aureus, ATCC 25923) bacteria detection.

*Positive/Spike ratio

Spiked bacteria Chicken Beef Milk Egg Feed pellet Total
E. coli (ATCC 25922) 22 2/2 2/2 22 2/2 10/10
Staphylococcus aureus (ATCC 25923) 2/2 2/2 2/2 2/2 2/2 10/10
Blank 0/2 0/2 0/2 0/2 0/2 0/10

“Positive as non-Salmonella.

3.3. Confirmatory Identification of Isolated Bacteria

In each run, Bruker MALDI biotyper was calibrated at BTS
position (Al) and proceeded to testing samples after
successful completion of MS calibration at assigned eight
points ranging between 4000 Da to 20000 Da. Successful

completion of MS calibration was marked by appearance of a
dialogue box on flexControl window stating specific
molecular weight of the individually charged molecules, peak
error levels and standard deviation of the spectra (Figure 3). In
each successful MS calibration, standard deviation of the
spectra was =300 ppm.
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Figure 3. Mass spectra acquired from BTS (A1) position indicating successful MS calibration.

Mass spectra acquired from both test and BTS control positions were processed, and the resulting peak patterns were matched
against reference patterns in the MALDI Biotyper reference library (Figure 4).
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Figure 4. Mass spectra acquired from Salmonella sp.
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After matching of peak patterns, log scores were generated based upon which bacterial confirmatory identification were made

and results were reported (Figure 5).

Bruker MALDI Biotyper
Identification Results

an
(<O

Run Info:
Run Identifier 200100-1635-10110258%7
Comment
Operator Admina MBT-WINI0
Run Creation Date/Time 2021-11-11T16:54:55.208
Number of Tests: 83
Type Standard
BTS-QC: not present
BTS-QC Position
Instrument ID 8269944.04152
Server Version 41100 (PYTH) 174 2019-06-158 01-16.09
Result Overview
Sample Score| Organism (second-best |Score
Name Sample ID Organism (best match) Value match) Value
e = Eschenchia col Excherichia goli
1769 Chicken
A2 high <
*++H(A) | 01 TF XLD Slpenglag almenglaap
(Standard)
3 1769 Chicken
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Y high 01 TT HF¥ Salmonclla sp Salmopella sp
(H+ ) (A) (Standard’
1769 Chacken
AS high
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(Mandard)
Result overview tadle—continued on next page

Figure 5. Reported results after successful identification run in MBT Compass software. Score values >2.0 are presented by green, and scores between 1.70 and

1.99 are presented by yellow.

All the organisms isolated from the sample portions spiked
with Salmonella typhimurium were identified as Salmonella
bacteria, and all the isolated non-Salmonella bacteria were
identified as E. coli. In most of the cases, score values
were >2.0 for both Salmonella and non-Salmonella bacteria.

3.4. Expected Limit of Detection (eLODsy) of the Method

Salmonella typhimurium (ATCC 14028) could be isolated
from all portions of each sample matrix spiked with different
doses, except for one milk sample contaminated with a
low-level dose. Hence, the eLODs, for chicken and beef has
been found <1.7+0, for milk 1.24+0.2, for egg <1.2+0.2, and for
feed pellet <1.6+0.2 CFU/test portion (Table 2).

3.5. Accuracy, Sensitivity, and Specificity of the Method

In this verification experiment, based on the Salmonella
typhimurium, E. coli, and Staphylococcus aureus spiking data,
the values of TP, FN, TN, and FP were found to be 29, 1, 20,

and 0 respectively [Table 2 and Table 3]. The positive
non-Salmonella readings were considered TN readings.
Therefore, the accuracy, sensitivity, and specificity of the
method were found 98%, 96%, and 100% respectively.

3.6. Matrix Effect and Ruggedness of the Method

No significant effects (p=0.400) of sample matrices were
found on test results carried out by the developed method.
Likewise, in terms of ruggedness, no significant effects of
analyst change (p=0.787), incubator change (p=0.787), and
day change (p=0.242) were found in the test results.

4. Discussion

High demand of animal products has provoked intensive
animal production and processing of products, with an
increased movement of foods globally. This situation may
conduce to defective processing practices and an augment of
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the risk of contamination of foods by foodborne pathogens at
any point of the farm to fork chain [26]. Therefore,
identification of Salmonella spp. in both feeds, and foods of
animal origin is crucial regarding public health and food
commercialization issues. However, in our Quality Control
Laboratory, this method was developed to provide faster and
reliable test results to our customers. Subsequently, the
developed method was verified for ensuring its confident use
in the laboratory. As the new method was developed based on
already two validated methods, only full-filling verification
parameters were considered sufficient for its use in the
laboratory [19, 20].

In this method, Salmonella bacteria were isolated on
selective agar media following reference FDA’s BAM method
[11]. The growth of Salmonella typhimurium (ATCC 14028),
and Escherichia coli (ATCC 25922) in both pre-enrichment
and enrichment media was marked by turbidity in the media.
Production of characteristic colony BS, XLD, and HE agar
plates indicated the suitability of the media for isolation of
Salmonella bacteria from feed and foods of animal origin.
Confirmatory identification was made by MALDI-TOF MS
technology instead of biochemical and serological tests [11,
18]. Integration of MALDI-TOF MS reduced testing time
from 10-11 days to 4-5 days. Successful completion of MS
calibration prior to each run indicated high accuracy of the
MALDI Biotyper machine used in the study (Figure 3).
Moreover, identification of the bacteria in most of the cases
with high confidence (scores >2.0) indicated the robustness of
the method (Figure 4).

Five types of sample matrices were included in the
verification procedure, among which one was poultry feed
pellet. Inclusion of feed pellet enables the method testing any
kind of feeds. Likewise, inclusions of chicken, beef, milk, and
eggs enable the methods to test any kind of foods produced
based on the stated animal products. Among the qualitative
method verification criteria, eLODs, is the most important
parameter, the acceptable value of which is <3.00 CFU/test
portion [19]. In our verification study we found eLODs, of
spiked Salmonella typhimurium (ATCC 14028) significantly
below (p<0.05) in different sample matrices than the
acceptable highest limit (Table 2). These findings indicate the
high capability of the method to detect Sa/monella bacteria in
different sample matrices even in presence of very low
numbers. Our findings are also in alignment with those found
by Hantash et al., 2020 [22]. The high accuracy (98%) of the
method confirmed its high capability to differentiate the
Salmonella and non-Salmonella cases. The ability of the
method to determine the Salmonella cases correctly
(sensitivity) was found very high (96%) also. Similarly, its
ability to determine the non-Salmonella cases correctly
(specificity) was found very high (100%). The findings further
confirmed the high strength of the method.

Changes in sample matrices could not influence over the
test results acquired by the method. This finding indicates the
absence of matrix effects in the method, and any type of
relevant samples can be tested by the method. Besides, minor
changes like analyst change, incubator change or time change

also do not influence over the test results. Therefore, the
method is a robust one and could be used even some changes
take place in the laboratory.

5. Recommendations

(H)MALDI TOF MS can be used for rapid and
confirmatory identification of Salmonella spp.

(2)MALDI TOF MS can be used as alternative to
cumbersome biochemical and serological tests required
for confirmatory identification of Salmonella spp.

(3) The method can be further verified including more
sample matrices and bacterial strains for demonstrating
its greater robustness and validity.

6. Conclusion

The method verified in the study was developed based on
the two validated reference methods with a view to deliver
rapid and confirmatory Salmonella identification results to the
customers. All the necessary steps suggested by International
Organization for Standardization, and National Association of
Testing Authorities, Australia were followed for the
verification of the method. The method has been found very
robust with its high accuracy, sensitivity, specificity,
insignificant matrix effects and ruggedness. Thus, the method
can be used for the rapid and confirmatory identification of
Salmonella in feed and foods.
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