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ABSTRACT 

Foodborne diseases are caused by consumption of food spoiled by pathogens or their toxins. Sampling beef meat and 
chicken samples from local markets which is additionally affecting foodborne disease outbreaks, making food safety a 
universal issue. Biochemical classical microbiological and targeted molecular profiling of Enterobactericea using real 
time PCR, MALDI TOF as well as sequencing confirmation techniques were performed and compromised for 
speciation of possible foodborne pathogens in meat and tissue samples in randomly collected 300 samples is traced 
with their health riskimpact on human. Sum of 68 samples out of 300 were speciated; 28 meat (18 Escherichia coli 

O157:H7, 10 Salmonella), 18 (10 Escherichia coli O157:H7, 8 Salmonella) and 22 (10 E-coil, 12 Salmonella). Six 
representative positive samples of both Salmonella and Escherichia coli O157:H7 were selected for further 
confirmation by sequencing as gold standard technique. 
Keywords: Enterobacterice, MALDI -TOF, sequencing, foodborne pathogen, molecular speciation, Bacteriolocal, 
biochemical methods. 

  

 
Introduction 

There is a significant increase in the occurrence of 
foodborne illnesses due to new nutritional trends that support 
consuming raw, fresh food, the food with low concentration 
of salt, dry products, and exotic ingredients (Rešetar et al., 

2015). Next to these trends, globalization of the food market 
is additionally affecting foodborne disease outbreaks, making 
food safety a universal issue (Akhtar et al., 2012). Food 
safety has clearly emerged as a global public health concern. 
Foodborne pathogen contamination in the food supply is 
making millions of people sick every year. The World Health 
Organization estimated in 2015 that 1 in 10 people acquire a 
foodborne illness per year; which represent an estimated 
burden of 600 million cases and 420,000 deaths (World 
Health Organization, 2015). Meat and chicken products are 
considered as one of the most important products, which 
attract the consumers for its palatability, affordable price and 
easily preparation. However, it proved to be available 
nutrient, but it is liable to harbor different types of 
microorganisms and constitute the largest potential source of 
foodborne illness. The common foodborne pathogens which 
are responsible for most of the foodborne disease out-
breaksare Escherichia coli O157:H7, Staphylococcus aureus, 
Salmonella enterica and Shigilla toxin-producing 
Escherichia coli (STEC) (Oliver et al., 2005; Scallan et al., 
2011; Zhao et al., 2014). 

In the recent years a great attention has been directed 
towards the evaluation of detection methods for screening 
meat products for the presence of foodborne pathogens. 
Several studies have been carried out in the last decade to 

decrease the time and the amount of manual labor using 
alternative techniques for accurate identification of 
foodborne pathogens (Jasson et al., 2010; Wenning et al., 
2014). 

The conventional methods for detecting the foodborne 
bacterial pathogens present in food are based on culturing the 
microorganisms on agar plates followed by standard 
biochemical identifications (Mandal et al., 2011). They will 
probably remain the gold standard for the foreseeable future, 
because they are simple and inexpensive methods. The most 
common drawbacks are; insufficient suppression of 
competitive flora, difficulties to distinguish the colony 
morphology and appearance of target from non-target 
bacteria, long incubation and time consuming as they depend 
on the ability of the microorganisms to grow in different 
culture media such as pre-enrichment media, selective 
enrichment media and selective plating media. Usually 
conventional methods require 2 to 3 days for preliminary 
identification and more than a week for confirmation of the 
species of the pathogens (Zhao et al., 2014). 

The molecular method in particular, has resolved 
several problems that are experienced with conventional 
detection methods. (Jeong et al., 2007; Shannon et al., 2007; 
Moreno et al., 2011). Unfortunately, the PCR sophisticated 
technique technique is unable to distinguish between viable 
or dead cells, which could lead to false positive results (Okoh 
et al., 2007; Moreno et al., 2011). Furthermore, the current 
gold standard for microbial identification -16SrRNA and 
18SrRNA gene sequencing are not favorable because they 
are expensive, time consuming and requires specialized staff. 
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(Bizzini et al., 2011). Recently, matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) has been considered as an excellent tool 
in different research laboratories for detection and 
discrimination of various types of microorganisms like 
bacteria and fungi (Liu et al., 2007; Welker et al., 2011; 
Wieser et al., 2012; Bohme et al., 2016; Elbehiry et al., 

2016). MALDI-TOF MS was first introduced for bacterial 
identification to the genus and species levels depending on 
their protein profiles (proteomics) by Bright et al. (2002).  
Databases have been developed that include the main 
pathogenic microorganisms, thus allowing the use of this 
method in routine bacterial identification from plate culture. 
Bioinformatics approaches have leveraged the ever 
increasing amount of publicly available genomic and 
proteomic data to attain strain-level characterization. Its 
quickness and reliability makes it fit for counter-bioterrorism, 
epidemiological tracing of field strains and detection of food 
contamination (Sandrinet al., 2013). MALDI-TOF MS is 
approximately two-thirds less expensive than conventional 
bacteriological methods (Bohme et al., 2012). It is consistent 
with 16S rRNA gene sequencing, and is expected to 
substitute for classic biochemical tests (Van Belkumet al., 
2012).  

Foodborne diseases (FBDs) encompass a wide spectrum 
of illnesses representing a serious global public health 
problem (Lai et al., 2016; Ronholm et al., 2016). It became 
an urgent necessity to develop detection processes to reduce 
or eliminate pathogenic microorganisms that can be 
transmitted through foods of animal origin such as 
salmonella species and Escherichia coli O157:H7 is crucial. 
For example, non-typhoidal Salmonella accounted for around 
47% of the total cases of death from microbial foodborne 
illnesses (Scallan et al., 2011). Our aim in this article is 
performing compromise study between molecular profiling 
techniques in speciation of foodborne randomly collected 
from local markets and tracing epidemiological contour in 
some randomly collected human samples 

Material and Methods 

Collection of Samples 

A total 300 random samples of foods; 100 samples meat 
product (luncheon, minced-meat, meat tissue) and 100 
chicken tissue (100) were randomly collected from different 
street vendors, butchers and retail market, In several cities 
such as Sixth of October City, AL-Munib, Dokki, EL-Sayeda 
Zeinab, in the governorates of Cairo and Giza. Moreover, 
100 stool samples were collected from patients with food 
poisoning signs (Fever, vomiting, nausea, abdominal pain 
and diarrhea) admitted in kasralainy hospital. 

Samples were collected in sterile polyethylene bags, put 
in ice box under low temperature and transferred with 
minimum delay to the laboratory for studying its 
bacteriological examination. 

Preparation of samples: 

Twenty five gram was taken from each collected 
samples in sterile stomacher bag, mixed with 225 ml buffered 
peptone water (BPW) and homogenized by using Stomacher 
400 circulator 

Bacteriological examination: 

Isolation and identification of E. coil:- 

According to Swayne et al. (1998), Hitchins et al. 
(1998), Dipineto et al. (2006) and Kiranmayi et al. (2010). 
These colonies were examined by the standard biochemical 
tests for identification. E. coli isolates were confirmed (Holt 
et al., 1993) (Swayne et al., 1998).  

Isolation and identification of Salmonella:- 

Cultivation and isolation of Salmonella was done 
according to the International Organization for 
Standardization [ISO] (2002) protocol (ISO 6579: 2002). 
Salmonella isolates were confirmed by biochemical tests 
(Popoff et al., 2001). 

Confirming the identification of isolated strains using 

molecular techniques: 

Conventional PCR for E. coli and Salmonella:  

DNA extraction and PCR amplification:  

Extraction of DNA: From pure cultures, DNA were 
extracted by using Thermo -scientific kits (GeneJET 
Genomic DNA Purification Kit  #K0721, #K0722) 
Oligonucleotide primers: Four sets of primer pairs were 
synthesized (Midland Certified Reagent Company_ oilgos 
(USA). Three set of primers was invA1, STM4495 and sefA 
specific for Salmonella spp., S enteritidis and S typhimurium 
respectively. The fourth primer set was phoA specific for E 

coli. Primer sequences are shown in Table (1).  
DNA amplification: DNA amplification was done in 25ul 
reaction volume containing 12.5 ul of Emerald Amp GT PCR 
mastermix (2x premix, (Takara) Code No. RR310A Kit), 10 
PM of each oligonucleotide primers, 5ul of DNA template 
and fill up to 25 ul with DNAse and RNAse free water. The 
optimized cycle program for PCR of each primer is shown in 
Table (2). Samples were considered positive when a specific 
single band of DNA was shown by fractionation  of PCR 
products on 1.5% agarose gel electrophoresis stained with 
ethidium bromide, which marked by 100 bp DNA ladder 
(Genedirex). The electric current was adjusted at 100 V for 
30 minutes, and then gel was visualized and photographed 
using the Bio-Rad gel documentation system.  

Table 1: Oligonucleotide primers sequences used for detection if Salmonella and E. coli 

Target M.O. Gene  Primer Sequence 

5'-3' 

Amplified 

product 

(bp) 

Reference 

F GTGAAATTATCGCCACGTTCGGGCAA Salmonella invA 

R TCATCGCACCGTCAAAGGAACC 

284 Oliveira et al., 2003 

F CGATTCTGGAAATGGCAAAAG E. coli phoA 

R CGTGATCAGCGGTGACTATGAC 

720  Hu et al., 2011 

 

F GCAGCGGTTACTATTGCAGC S. enteritidis sefA 

R TGTGACAGGGACATTTAGCG 

310 Akbarmehr et al., 

2010 

F GGT GGC AAG GGA ATG AA S. typhimurium STM44

95 R CGC AGC GTA AAG CAA CT 

915 Liu et al., 2012 
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Table 2: Cycling conditions of the different primers during cPCR 

Target M.O. Salmonella E. coli S. enteritidis S. typhimurium 

Gene invA phoA sefA STM4495 

Thermal profile 94˚C   5 min. 
35 cycle 
94˚C  30 sec. 
55˚C  30 sec. 
72˚C  30 sec. 

94˚C  5 min. 
35 cycle 
94˚C  30 sec. 
55˚C  40 sec. 
72˚C 45 sec. 

94˚C  5 min. 
35 cycle 
94˚C  30 sec. 
52˚C  30sec. 
72˚C 30 sec. 

94˚C  5 min. 
35 cycle 
94˚C  30 sec. 
50˚C  1 min. 
72˚C 1 min 

 

The identification of Salmonella and E. coli real time 

PCR: 

Salmonella invA gene TaqMan® real-time PCR:  

TaqMan® real-time PCR assays were performed in a 
final volume of 25 µL, 12.5 µL of 2x QuantiTect Probe RT-
PCR Master Mix (Metabion, Germany, Catalogue No. 
204443), 10 Pmol of each primer and 5 Pmol  of TaqMan® 
probe, and 5 µl of DNA template and fill up to 25 ul with 
DNAse and RNAse free water.. Temperature and time 
conditions of the primers during PCR are shown in Table 
(3).The reaction was performed in a Strata gene MX3005P 
real time PCR machine. 

E. coli, Salmonella Enteritidis and Salmonella 

Typhimorium SYBR I green real time PCR:  

DNA amplification were done in a 25- µl reaction 
containing 12.5 µl of the 2x QuantiTect SYBR Green PCR 
Master Mix (Metabion, Germany, Catalogue No. 204141), 10 
Pmol of each primer, 5 µl of DNA template fill up to 25 ul 
with DNAse and RNAse free water. Temperature and time 
conditions of the primers during PCR are shown in Table 
(4).The reaction was performed in a Stratagene MX3005P 
real time PCR machine 

 

Table 3: Oligonucleotide sequences of specific primers and probe used for Salmonella spp.: Metabion (Germany) and thermal 
profile 

Target 

gene 

 Primer sequence 

(5'-3') 

Thermal profile Reference 

F GCGTTCTGAACCTTTGGTAATAA 

R CGTTCGGGCAATTCGTTA 

Salmonella 

invA gene 

PROBE 5′-FAM-TGGCGGTGGGTTTTGTTGTCTTCT-
TAMRA-3′ 

1 cycle 50 oC for 2 min.  
initial denaturation at 95 
oC for 2 min. 
 then 50 cycles 
consisting of 
 95 oC for 10 s and 60 
oC for 1 min.  

Daum et 

al., 2002 

 

Table 4 : Oligonucleotide primers and Cycling conditions for SYBR green real time PCR:    

Amplification   40 cycles 

Secondary denaturation, annealing 
(Optics on) and extension 

Dissociation curve1 cycle 

Secondary denaturation, annealing 
and final denaturation  

Target gene Primary 

denaturation 

1 cycle 

E.coli PhoA gene 94˚C    5 min 

94 �C 15 min. 
55 �C 30 sec.  
72 �C 30 sec.  

94 �C 1 min.  
55 �C 1 min.  
94 �C 1 min.  

S. typhimurium 

STM4495 gene 
94˚C   5 min 94˚C   15 sec 

50˚C   30 sec  
72˚C   30 sec 

95˚C   30 sec 
50˚C   30 sec  
95˚C    30 sec 

S. 

enteritidissefAgene 
94˚C    5 min 94˚C   15 sec 

52˚C   30 sec  
72˚C   30 sec 

95˚C   30 sec 
52˚C 30 sec  
95˚C   30 sec\ 

 

Identification by MALDI-TOF MS analysis: 

Chemicals and reagents 

Acetonitrile chromosolve grade, was purchased from 
Riedel –de Haën, Germany. High purity water for HPLC, 
was supplied from Doprogenic, Kimya, Ankara, Turkey.  
Ethanol Absolute GR, was supplied from Sigma- Aldrich 
99%, Germany.  Formic acid GR 99%, was supplied from 
Oxford Laboratory, India.  Trifluoroacetic acid CAS 76-05-1, 
was supplied from Sigma- Aldrich 99%, Germany.  Alpha-
cyano-4-hydroxy cinnamic acid (HCCA), was purchased 
from Bruker Daltonics, Gmbr., Germany.  Bacterial Test 
Standard (BTS) as reference material (peptides) for MALDI-
Biotyper, Ref. no. 8256343, LoT no. 0000199130, was 

obtained from Bruker DaltonicsGmbr., Germany.  Matrix 
reagent solution, was prepared as saturated solution of 
HCCA (alpha-cyano-4hydroxy cinnamic acid) in organic 
solvent (50% acetonitrile and 2.5% trifluoroacetic acid). 

Sample preparation 

Smear biological material (single colony) as a thin film 
directly onto a spot on a MALDI target plate.  Before that 
step sample prepared by addition 1 µL of 70% formic acid to 
the bacterial pellet and allow to dry at room temperature. 

After 50 µl of acetonitrile was added, the components were 

mixed thoroughly again and allowed to dry at room 
temperature. Subsequently, the sample was overlaid with 

1 µl of matrix (Standard solvent (acetonitrile 50%, water 
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47.5% and trifluoroacetic acid 2.5%) from Sigma-Aldrich (# 
19182) and dried again. 

Instrument conditions 

The instrument used was MALDI Microflex LT, Bruker 
Daltonics, Bremen, Germany. Peptide mass fingerprint 
product ion spectra were acquired in a linear positive mode at 
laser frequency of 60 Hz within a mass range of 2,000 to 
20,000 daltons.  Instrument parameter settings were as 
follows.  Ion source I at 20 kV, ion source II at 18 kV, lens at 
6 kV, extraction delay time of 120 ns, initial laser power of 
50%, maximal laser power of 60%, and laser attenuation 
offset of 25% (range of 19%).  For each spectrum, 240 laser 
shots in 40 shot steps from different positions of the target 
spot (random walk movement) were automatically acquired 
with AutoXecute acquisition control software (Flex control 
version 3.0; Bruker Daltonics, Leipzig, Germany). 

Main spectra projection (MSP) creation was performed 
with a total of 68 spectra acquired for each isolate. 

Cross identification against the created MSP and the 

Bruker database 

Before assigning the MSPs to their respective nodes on 
the taxonomy tree, all spectra were loaded into the Biotyper 
software, and identification was carried out against the MSPs 
available in the created library. Following the creation of 68 
MSPs of strains, each MSP was subjected for identification, 
and crossmatching was also performed. For comparison of 

two spectra (Karger et al., 2012), MALDI Biotyper 
calculates MSP-based similarity scores ranging from 0 (no 
similarity) to 3 (complete identity).  Efficiency check of the 
database search was performed using BTS. The database 
(main spectra) for the newly investigated bacteria was 
constructed using the MaldiBioTyper device (Bruker 
Daltonik, GmbH). The software requires log (score) values 
≥2.0 for species-level identification and values <2 and ≥1.7 
for genus-level identification. The results based on the log 
(score) values <1.7 were rated as being unidentifiable by the 
software 

Partial 16S rDNA gene sequencing: 

Primers and excess nucleotides were removed from the 
amplified DNA using a PCR clean-up kit (Qiagen Inc. 
Valencia CA).A purified RT-PCR product was sequenced in 
the forward and/ or reverse directions on an Applied 
Biosystems 3130 automated DNA Sequencer (ABI, 3130, 
USA). Using a ready reaction Bigdye Terminator V3.1 cycle 
sequencing kit. The master mix reaction was done according 
to the instruction of the manufacture. (Perkin-Elmer/Applied 
Biosystems, Foster City, CA), with Cat. No. 4336817. A 
BLAST® analysis (Basic Local Alignment Search Tool) 
(Altschul et al., 1990) was initially performed to establish 
sequence identity to Gen Bank accessions. 

Finally DNA sequencing was done for 6 sample, 3 for 
E.coli, 3 for salmonella as a golden test for conformance as 
in Table 5. 

 
Table 5: Sequence analysis of functional 16S rDNA genes in Escherichia coli and Salmonella: 

Bacteria Gene Sample No. Amplified segment 

Meat products 5 Food Samples 

Chickens 7 

 
E.coli 

 
phoA 

Human From stool 3 

 
720 bp 

Meat products 3 Food Samples 

Chickens 6 

 
 

Salmonellae 

 
 

invA Human From stool 2 

 
284  bp 

 

Results and Discussion 

Results: 

Prevalence of pathogenic bacteria isolated by 

bacteriological and biochemical classical techniques: 

Bacterial isolationfrom different foods and human 
samples by bacteriological and biochemical classical 
techniques as shown in figure1 
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Fig. 1 : Prevalence of foodborne pathogens isolated from examined 
samples: 

Incidence of positive Bacteria from different foods and 

human samples: 

The different foods and human contact samples was 
examined by bacteriological tests as shown in Table (12). 
E.coli was isolated from(18) meat products, (10)chickens and 
from (10) stool positive strains while the other samples were 
negative. On the other hand, Salmonellae was isolated(10) 
meat samples, (8) chickens and (12) human] as shown in 

figure 2 
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Fig. 2 : Incidence of E.coli  and salmonella in different foods and 
human samples 
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PCR and RT-PCR for Detection of Virulence Gene of E. 

coli and Salmonella isolates: 

PCR using primers fragments listed in materials and 
methods for amplification of (phoA) gene from the isolates of 
E.coli and (invA) gene from the isolate Salmonella are 
represented in figure 3 
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Fig. 3: PCR for the detection of virulence Gene of E.coli and 

Salmonella in foods and human samples: 

Agarose gel electrophoresis showing PCR results for 
detection of phoA gene specific for E.coli in meat, chicken, 
human DNA respectively. L is M DNA marker (100 bp 
ladder as molecular size DNA marker) according to 
following details; A-L1 to L18 are E.coli positive meat 
samples (the product DNA fragment is 720bp). From L1 to 
L10 are E.coli positive chicken samples (the product DNA 
fragment is 720bp). And finally from L1 to L10 are E.coli 

positive human samples (the product DNA fragment is 
720bp). 

On the other hand Agarose gel electrophoresis showing 
PCR results for detection of invA gene specific for 
Salmonella in meat, chicken, human DNA respectively. L is 
M DNA marker (100 bp ladder as molecular size DNA 
marker). From L1 to L10 are Salmonell positive meat 
samples (the product DNA fragment is 284bp). From L1 to 
L8 are Salmonella positive chicken samples (the product 
DNA fragment is 284bp). Finally from L1 to L12 are 
Salmonella positive chicken samples (the product DNA 
fragment is 284bp). 

RT-PCR result using primer of E. coli phoA gene in 
positive samples of meat, chicken and human will be 
discussed in details. Amplification plots of Real Time PCR 
of genomic DNA isolated from meat, chicken, human 
samples respectively. The primers represent the phoA gene 
of E. coli where the threshold line, of the control positive 
DNA and 18 positive meat samples (all above the threshold 
line), and the control negative DNA below the threshold line. 
Again, 10 positive chicken samples (all above the threshold 
line), and the control negative DNA below the threshold line. 
Finally, 10 positive human samples (all above the threshold 
line), and the Control Negative DNA below the threshold 
line. 

RT-PCR result using primer of SalmonellainvA gene in 
positive samples of meat, chicken and human: 

Amplification plots of Real Time PCR of genomic 
DNA isolated from meat, chicken, human samples 
respectively using the primers represent the invA gene of 
Salmonella. 

10 DNA samples expressed the invA gene, indicating 
the presence of Salmonella organisms in the meat samples, 8 
DNA samples expressed the invA gene, indicating the 
presence of Salmonella organisms in the chicken sample and 
finally 12 DNA samples expressed the invA gene, indicating 
the presence of Salmonella organisms in the human samples.  

Direct bacteriological isolation, conventional PCR and 

RT- PCR for the detection  

PCR result using primer of Salmonella Typhimurium 
STM4495 gene in positive samples of meat, chicken and 
human: Agarose gel electrophoresis showing PCR results for 
detection of serotyping salmonella typhimurium in meat, 
chicken, human samples respectively. L is M DNA marker 
(100 bp ladder as molecular size DNA marker). From L1 to 
L8 are salmonella typhimurium positive meat samples (the 
product DNA fragment is 915 bp). From L6 to L8 are 
salmonella typhimurium positive chicken samples (the 
product DNA fragment is 915 bp). And finally, from L1 to 
L10 are salmonella typhimurium positive Meat samples (the 
product DNA fragment is 915 bp). 

PCR result using primer of Salmonella enteritidissefA 
gene in positive samples of meat, chicken and human: 
Agarose gel electrophoresis showing PCR results for 
detection of serotyping salmonella Enteritidis in meat, 
chicken, human samples respectively.  L is M DNA marker 
(100 bp ladder as molecular size DNA marker). From L1 and 
L2 are salmonella Enteritidis positive Meat samples (the 
product DNA fragment is 284 bp). From L1 to L5 are 
salmonella Enteritidis positive Chicken samples (the product 
DNA fragment is 310 bp). From L1 and L2 are salmonella 

Enteritidis positive Human samples (the product DNA 
fragment is 284 bp). 

RT-PCR result using the primer of Salmonella 

Typhimurium STM4495 gene in positive samples of meat, 
chicken and human are explained. Amplification plots of 
Real Time PCR of genomic DNA isolated from meat, 
chicken, human samples are shown respectively. The primers 
represent the Serotyping Typhimurium gene of Salmonella. 8 
positive samples (all above the threshold line) and the 
Control Negative DNA below the Threshold line, 3 positive 
samples (all above the threshold line), and the Control 
Negative DNA below the Threshold line and finally, 10 
positive samples (all above the threshold line), and the 
Control Negative DNA below the Threshold line 

RT-PCR results using primer of Salmonella Enteritidis 

sefA gene in positive samples of meat, chicken and human. 
Amplification plots of Real Time PCR of genomic DNA 
isolated from meat, chicken, human samples respectively. 
The primers represent the Serotyping Enteritidis gene of 
Salmonella. 2 positive samples (all above the threshold line), 
and the Control Negative DNA below the Threshold line, 5 
positive samples (all above the threshold line), and the 
Control Negative DNA below the Threshold line and 2 
positive samples (all above the threshold line), and the 
Control Negative DNA below the Threshold line. Figure 4 is 
shown that. 
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Fig. 4 : Serotyping of Salmonella spp. isolated from food and 
human samples: 

Proteomic identification of foodborne pathogen using 

MALDI-TOF: 

In recent study, all bacteria isolated from various food 
samples or human contact (handles food) were identified by 
MALDI-TOF-MS fingerprinting and the spectra obtained 
were compared with the spectra stored in the broker database, 
As shown in figure 5 and table 6 ; 38 of E.coli isolates were 
properly identified (92%)while Salmonella isolates various in 
identification were meat product, chickens and Human 
contact properly identified (80%), (87.5%), (83.33%) we 

notice that 18 of E.coli samples identified with a score value 
ranging from (2.00 to 3.00) while 12 of Salmonella samples 
identified at the same value. Also in Figure 6, we can see 
Salmonella serovar was100% correctly identified by PCR 
and RT-PCR assay while MALDI-TOF MS was limited in 
identifying Salmonella at serotype levels. Figure 7, 8 also 
represents an overview of the matrix-assisted laser 
desorption-ionization-time-of-flight mass spectra of 3 
Escherichia coli and 3 Salmonella which are selected for 
further sequencing. 
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Fig. 5 : Identification of foodborne pathogens by MALDI-TOF- MS 
Fingerprinting Systems for E.coli and Salmonellae

 

 

Table 6 : Score value of foodborne pathogens identified by MALDI-TOF- MS Fingerprinting Systems for E.coli and 
Salmonellae 

MALDI-TOF MS Fingerprinting 

Bacteria Origin 
Total 

Number 
0.000-1.699 

( - ) 

1.700-

1.999 

( + ) 

2.000-

2.299 

( ++ ) 

2.300-

3000 

( +++ ) 

Microorganisms not 

match with  either 

bacteria E.coli or 

Salmonella 

Meat 

products 
18 

1 

not reliable 

identification 

sample no 3 

(Analyte ID 

2a) 

0 12 2 3 Food 

Samples 

Chickens 10 0 0 3 7 - 

Human 
From 

stool 
10 

1 
not reliable 

identification 

sample no 6 
(Analyte ID 6) 

0 8 1 - 

E.coli 

Total  38 2 0 23 10 3 

Meat 

products 
10 0 

0 
 

2 
6 
 

2 

proteus mirabilis 

samples no 9,10 

(Analyte ID 9,10) 
Food 

Samples 

Chickens 8 0 
0 
 

1 
6 

samples 

no 8 

1 

proteus mirabilis 

sample  no 1 

Human 
From 

stool 

12 

 

1 

not reliable 

identification 

sample no 1 

(Analyte ID 

s1) 

1 2 6 

2 

proteus mirabilis 

samples no 3,4 

(Analyte ID S3, S5) 

Salmonellae 

Total  30 1 1 5 18 5 
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Fig. 6: Compromise of representative positive samples throughout genomic molecular techniques and proteomics using mass 
spectroscopic techniques. 

 

 
Fig. 7 : The homology percentage of E-coli  nucleotide sequence results 

 

 
Fig. 8 : The homology percentage of Salmonela nucleotide sequence results 



 
2508 Biochemical studies in food spoilage via molecular detection of some Enterobacteriaceae  

food borne bacteria using Maldi-TOF 

Discussion 

Overview of the matrix-assisted laser desorption-
ionization-time-of-flight mass spectra of 38 Escherichia coli 
sample and 30 Salmonella which are selected in food and 
Human sample.  Accurate and rapid identification of 
pathogenic foodborne is of critical importance in disease 
treatment and public health. So these foodborne pathogen 
must be identified at the species, subspecies and serovar 
level. MALDI-TOF MS has proven to be a useful method 
Identify the broad bacterial species (Rettinger et al., 2012; 
Bader et al., 2013; Egli et al., 2015). The application of 
MALDI-TOF MS fingerprinting for the identification of 
bacterial strains isolated from meat products, chickens and 
from patient has shown to be a competent tool for the rapid 
and accurate differentiation of bacterial species, due to the 
resulting highly specific spectral profiles, named fingerprints 
(Giebel et al., 2010). In order to have a solid ground and a 
fair judgment, one must have a gold standard to refer to 
regarding the typing of field isolates to the biovar level. The 
pros of nucleic acid methods are the cons of MALDI-TOF 
MS technology, where the technique is usually applied on 
bacterial culture extracts and in rare cases on cultures 
directly. When it comes to rapidity in binomial identification 
of a bacterial culture, MALDI-TOF MS is the fastest even 
when compared with PCR and RT-PCR. The collected 
strains were analyzed by PCR to detect phoA gene from the 
isolate E.coli and invA gene from the isolate Salmonella. 
PCR eliminates the need for isolation and further 
biochemical identification, especially with fastidious 
microorganisms that need unique medium requirement 
(Bayatzadeh et al., 2011). Further, PCR can detect target 
genetic sequences regardless the growth stage of the target 
cells (Gong et al., 2002) in contrast to the bacterial culture 
where cells in samples may exist in a variety of different 
growth stages or in small number, some of them may not be 
fit to grow in culture (Lawsoni et al., 1998). However, 
culture is still always recommended to determine the 
susceptibility of isolated strains. 

Our results indicate that the results of PCR and RT-
PCR for detection of the phoA gene from 38 isolates of E. 

coli were properly identified (100%). Moreover; PCR assay 
was carried out for the detection of the invA gene from 
isolated strains has revealed that the gene was present in all 
of the isolates (100%) which agrees with a study performed 
and recorded the same results by (Dione et al., 2011; Gole et 

al., 2013). 

Surveillance of Salmonella serovars and phagetypes 
from human and animal sources is relevant for detecting 
national and global outbreaks, for identifying the source of an 
infection and for implementing prevention and control 
measures since the distribution of Salmonella serovars may 
differ between countries. Molecular methods used again to 
discriminate among closely related serovars. We observed 
that salmonella Typhimurium and salmonella Enteritidis are 
the most common serovars in our research and isolated from 
humans, livestock and chickens. Salmonella Typhimurium 

was the most prevalent serovar in isolates of human origin. A 
similar finding was reported from Europe, Australia and 
America (Wray and Wray et al., 2000; van Duijkeren et al., 
2002). 

In the present study, identification by MALDI-TOF MS 
yielded a valid score for 60 (88.24%) of 68 at the species 

level and 8 discordant results were identified. The discordant 
results shown in fig. 6 were mainly due to inaccurate 
taxonomic assignment of a given spectra in the MALDI-TOF 
MS database. MALDI-TOF MS gave a valid score for genus 
and species identification of 92% when used in identification 
of previously identified E. coli culture using conventional 
methods. Molecular techniques and sequencing for some 
sample this agrees with Ge et al. (2016), Jesumirhewe et al. 
(2016) and Naiara et al. (2017). Which achieved species 
identification of E. coli isolates from meat products, chickens 
and from stool using MALDI-TOF MS of 83.33%, 100%, 
and 100%, respectively, when compared with traditional 
methods of identification. Although, in our study recognized 
the inability of the MALDI-TOF spectra to discriminate 
closely related species in E. coli. It consisted of three isolate 
Enterobacter hormaechei, Enterobacter asburiae, 

Kosakoniacowanii which were identified as E. coli by 
MALDI-TOF MS. All this studies not identified E. coli to 
sub species level due to the inability of the MALDI-TOF 
spectra to discriminate closely related species. Most of our 
samples are closely related to Shigella and not definitely 
distinguishable Because Shigella spp. and E. coli exhibit 
great similarity at the genomic level (Johnson et al., 2000). it 
was expected that their similar proteomes prevented their 
differentiation by MALDI-TOF MS. 

Furthermore, pure colonies previously identified as 
Salmonella isolates using traditional methods gave valid 
score of 83.33% using MALDI-TOF MS assay. This result 
agrees with (Ulrich et al., 2011). However, MALDI-TOF MS 
can still be used in primary identification and screened 
Salmonella can be further serotyped using other method one 
of them the White-Kauffmann-LeMinor scheme. as we know 
Determination of the serotype of Salmonella could provide 
more information to clinical therapy. In our dataSalmonella 
serovar was 100% correctly identified by PCR and RT-PCR 
assay. The isolated serovar was identified as follows: 
Salmonella typhi isolated from meat and poultry products and 
from faeces 27%, 10%, and 33%, respectively. While  
salmonella Enteritidis from meat and poultry products and 
from human stool was 6.7%, 17%, and 6.7%, respectively. 
However, MALDI-TOF MS was limited in identifying 
Salmonella at serotype levels. The accuracy of serotype 
determination using MALDI-TOF MS was poor, as 
Salmonella typhi was detected in humans at 27% while 
salmonella Enteritidis was interlaced in this work with 
another biovar, especially Salmonella anatum. We 
demonstrated that MALDI-TOF MS method presented in this 
study was not useful for serovar assignment currently, and 
we also found this method may not be suitable to subtype a 
specific serovar as well, since the discriminatory ability of 
this method is relatively low when the distance level was 
raised to ensure good reproducibility. In addition, whether 
the dendrogram of protein spectra can reflect a clonal 
outbreak is not confirmed. By examination of E. coli and 
Salmonella isolates and strains revealed by MALDI-TOF 
MS, 10-20 prominent ion peaks were identified in the mass 
spectra. Range of these prominent ion peaks were from the 
3000 and 10,500 m/z, with the highest-intensity peaks being 
in the range of 4367-9723 m/z with E.coli isolates while in 
the case of Salmonella isolates, range of these spectra peaks 
were from the 3000 and 11,000 m/z, with the highest-
intensity spectra peaks being in the range of 4369-9532 m/z. 
Examination of mass spectra reveals specific peaks of the 
strain that fall into a range At 4367, 5384, 6259,6319 
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,7163,7190, 9561 and 9723 m / z for all Escherichia coli 
Isolates consistent with Christner et al. (2014) and also 
reveals strain-specific peaks at 4369, 5385, 5618, 5775, 
6099, 6260, 6319, 7100, 7669, 8300, and 9532 m/z for all 
Salmonella isolates which agree to large extent with 
Dieckmann et al. (2011) fig(pattern). Previous study 
presumed that a pattern recognition approach was limited in 
serovar level identification, because of the complexity of the 
peak patterns. Dieckmann et al. (2011) established weighted 
pattern matching approaches, which could achieve robust 
results in serovar level identification of E. coli and 

Salmonella. We tried to find serovar-specific biomarkers 
using Dieckmann’s approach and failed. Some consensus 
peaks were indeed found. However, these peaks could not be 
considered as biomarkers for serovar identification because 
these peaks are not serovar-specific and not exclusive to 
other serovars. We found that mass lists of strains of different 
serovars are so similar that we cannot find any serovar-
specific peaks exclusively present in one serovar. Therefore, 
these peaks could not be considered as biomarkers for 
serovar identification. In addition, consensus peaks found in 
the present study were largely different from previous 
studies, (Leuschner et al., 2004). In this sense, in order to 
determine specific peaks and achieve a better identification 
of an unknown strain, a wide number of strains and species 
considered as reference would improve the accuracy of the 
method. Mass spectra of E. coli and salmonella strains show 
that protein profile similarity does not correlate always with 
the traditional genus/ species/ biovar ranking system.  Protein 
patterns for some species and biovars may be closer to other 
species than to other biovars of the same species of E. coli 
and Salmonella isolates.  

Further confirmation of selected 6 samples were judged 
for E-coli and Salmonella speciation. A copy of DNA pattern 
with sequence distance and phylogenic tree for both E.coli  
and Salmonella are represented in fig. 7 and fig. 8; 
respectively. Phyloproteomic analysis of protein spectra and 
phylogenetic studies of 16S rDNA genes was also conducted 
for 6 samples (3E. coli and 3Salmonella) and the correlation 
of the clusters with the species and serotype was observed. 
Dendrograms in figures; 7 and 8. help in grouping of E. coli 

O157:H7 originated from  various food samples and feces of 
human with renal failure symptoms. Figure 3 show most of 
isolates have similarity between (95 to 100%). This result 
indicated most of isolates can be grouped in the same species 
according to the Committee on Reconciliation of Approaches 
to Bacterial Systematic. The committee wrote that generally 
would include strains with approximately 70% or greater 
DNA-DNA relatedness (Rosello-Mora and Amann, 2001; 
Doolittle and Zhaxybayeva, 2009). The highest of similarity 
coefficients among isolates are showed by E. coli-Chicken 
with CP015843.2 E. coli O157:H7 FRIK2455, CP017446.1 
E. coli O157:H7 9234, CP017444.1 E. coli O157:H7 8368, 
CP016625.1, E. coli O157:H7 FRIK944 and AP018488.1 E. 

coli O157:H7 pv15-279 isolates with similarity coefficient “1 
“or 100 % similarly and there is (99.7%) similarity between 
E. coli-Chicken and E. coli-Meat. Higher similarities are 
showed by E. coli-Human with the other isolates also. The 
presence of E. coli 0157:H7 strains would pose greater threat 
to consumers due to the fact that these strains are responsible 
for a range of disease ranging from mild diarrhea to 
complicated conditions. 

The nucleotide sequence of bp PCR fragment 
representing the invA gene of Salmonella typhimurium 
isolate was compared with other 25 S. typhimurium strains 
published sequences on GenBank. The homology percentage 
of nucleotide sequence results showed high homology 
(100.0%) between Salmonella typhimurium-Chicken, 
Salmonella typhimurium-Human, Salmonella typhimurium-
Meat strains and CP032390.1 SalmonellaDublin CVM 
34981, CP025554.1 Salmonella Enteritidis ATCC BAA-708, 
CP019185.1 S. ParatayphiA ATCC 11511, CP012347.1 S. 
Pullorum ATCC 9120. Ironically, there is (100.0%) 
homogeneity between Salmonella typhimurium- Chicken and 
Salmonella typhimurium-Human. These results agree with 
Shi et al. (2012) who found the high invA gene homology 
between Salmonella strains (72.9-97.2%). Both Phylogenetic 
trees (Fig.7, 8) demonstrated that the Egyptian isolate is 
closely related to the other isolate in  GenBank but in a 
separate cluster due to some amino acid substitutions when 
comparing with others strains. No clear correlation could be 
established between the DNA profiles and locations (towns) 
where the food samples were purchased. 

MALDI-TOF MS can be used as an application in 
assisting in both detection of salmonella and determination at 
species level and subspecies level. MALDI-TOF MS is 
suitable for identification of E.coli and salmonella at species 
level with high accuracy. In the case biovar level was more 
difficult by visual comparison to reference spectra. The 
serotype of E. coli and salmonella can provide more 
information for clinical detection and treatment. However, 
MALDI-TOF MS was limited in identification of Samples at 
serotype levels. In summary, MALDI-TOF mass 
fingerprinting proved to be an accurate and cost-effective 
technique, with potential for routine identification of bacteria 
in the food sector as well as in clinical microbiology (Seng et 

al., 2009). In this sense, some authors consider that, taking 
into account the cost of materials and staff, the cost of 
bacterial identification by MALDI-TOF MS fingerprinting is 
around two-thirds less than conventional methods (Hsieh et 

al., 2008; Nassif et al., 2009). On the other hand, it has 
several advantages over other fast methods relying on 
genomics, such as PCR, RT-PCR, DNA sequencing, DNA 
microarrays, because fewer steps are necessary to achieve 
bacterial identification and thus, fewer errors are introduced 
along the analyzing process. Another advantage of MALDI-
TOF mass fingerprinting is the effortless analysis of results, 
since no extensive data processing and statistical analysis is 
required, as it is the case in other rapid methods for bacterial 
identification, such as PCR, RT-PCR, DNA sequencing and 
DNA microarrays. It is envisaged that molecular 
identification through MALDI-TOF MS will rapidly 
establish a robust position for surveillance of microbial 
pathogens in the complex interwoven network of origin, 
producers, traders and consumers. Our results are consistent 
with previous work by Shell et al. (2017) where it was stated 
that MALDI-TOF MS showed significant promise in E. coli 
and Salmonella identification on genus and species levels and 
can be also used as a tool for sub species and serovar typing, 
but it will require additional studies and modifications to 
existing protocols and commercial and the extended 
database. The identification using MALDI-TOF MS method 
could analyze pure positive culture rapidly (may be within 
minutes especially when direct cultural identification 
methods used rather than ethanol: Formic acid extraction 
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method) and also reliable manner. However, identification by 
traditional methods needs more facilities, media, chemicals, 
experiences, and time and this in contrast with the non-
requirement of high technical expertise, the simple extraction 
procedure and low running cost identification using MALDI-
TOF MS which provide more advantages over other methods 
for identification. However, the applications have to be 
carried out with cautions because the accuracy decreases 
using of too much of chemicals and materials and the 
samples have to be spotted with the matrix solution with care 
to avoid the presence of the liquid smear between spots, 
which increase possibility of cross-contamination. The 
sample size used for this study is low as it is a preliminary 
study to use this technique in diagnostic laboratories in 
Egypt, but anyhow, more samples are needed in future 
studies to detect sensitivity, reliability, and performance of 
this type of bacterial identification.  

All bacterial isolates used in our study were identified 
by MALDI-TOF MS fingerprinting (protein fingerprinting) 
in less than 2 h. By contrast, identification by biochemical 
colorimetric or molecular methods can take several hours or 
days (Böhme et al., 2016; Elbehiry et al., 2016).  

Conclusion 

This study demonstrated that Bruker MALDI-TOF MS 
Biotyper is a reliable fast and economic tool for the 
identification of Gram-negative bacteria, especially E. coli 
and Salmonella which could be used as alternative regular 
diagnostic tool for routine identification and differentiation 
of microorganism especially in the field of food-borne 
pathogens.  MALDI-TOF MS method presented in this study 
was not useful for biovar assignment of E. coli and 
Salmonella currently, and was evident in Salmonella 
subtypes as the MALDI-TOF MS was not able to distinguish 
subspecies S. typhimurium, S. enteritidis from other 
subspecies. Because of robust differentiation of subspecies or 
subtypes demands more selectivity than provided by a 
fingerprint of m/z values of intact proteins. MALDI-TOF MS 
need more validation and verification and more study on the 
performance of direct colony and extraction methods to 
detect the most sensitive one and also need using more 
samples to detect sensitivity, reliability, and performance of 
this type of bacterial identification. Future research may be 
directed to applying suitable algorithms for discrimination of 
isolates at different taxonomic levels. Still, MALDI-TOF MS 
is rapid, robust, and promising identification tool, which can 
be used in primary identification, screening and diagnostics 
of foodborne pathogen. For MS-based proteome analysis of 
two species, pan proteome for protein identification might be 
inconvenient due to the difference in the entry IDs for each 
species. Therefore, further future works for the sake of 
effective protein identification is needed for better species, 
subspecies and strain by collecting and enhancing data in 
libraries of MS. 
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