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 Foodborne bacteria responsible of human illness and death. Various species of the 

Enterobacteriaceae are pathogenic and cause various infections as pneumonia, 
bacterima and urinary tract infections. There is continuous development of rapid and 

reliable methods for the identification of foodborne bacteria. 130 isolates of 

Enterobacteriaceae bacteria were obtained from variety of foods (meats, poultry, diary 
products, spices, pickles). The isolates were identified according to Beregy's Manual of 

Systematic Bacteriology, based on morphological, physiological and biochemical tests. 

Identification tests revealed that the isolates were:  Salmonella sp., Escherichia coli, 
Enterobacter cloacae, Hafnia alvei, K. pneumoniae and Proteus mirabilis. The genes 

invA, uiaA, rpoB, ACC-1a, Cim and aad were detected in last species, respectively 

using polymerase chain reaction (PCR) amplification and agarose gel electrophoresis. 
Fourier transform infrared spectroscopy-attenuated total reflectance (FTIR-ATR) 

technique was used to identify the isolates at the wave number 4000-400 cm-1. Results 

showed the potential of PCR to identify all isolates accurately based on target genes 
mentioned above, but it was relatively expensive. The region 900-600 cm-1 (fingerprint 

region) was unique for all species, and they can be differentiated based on this region. 

FTIR-ATR technique was accurate, rapid and inexpensive method for identification the 
isolates compared with  labor  intensive  and  lengthy  traditional  methods  and less 

 expensive than PCR method. 
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INTRODUCTION 

 

Food borne pathogens are a growing concern for human illness and death. There is increasing demands to 

ensure safe food supply. There is continuous development of methods for the rapid and reliable detection of 

foodborne pathogens [18]. Culture-based methods are considered a gold-standard for foodborne pathogen 

detection. These methods are usually very sensitive, relatively inexpensive, and can give both qualitative and 

quantitative information on the number and the nature of the microorganisms. However, these methods are labor 

intensive and lengthy, requiring 5–7 days [2]. 

Enterobacteriaceae is a family of gram-negative bacilli that contains more than 100 species of bacteria that 

normally inhabit the intestines of humans and animals. They are referred to as coliforms when they are part of 

the normal intestinal flora. Various species of the Enterobacteriaceae are pathogenic and cause pneumonia and 

urinary tract infections. They are also recognized as the major cause of wound infections and other nosocomial 

(hospital acquired) infections. They may also cause bacteremia and meningitis if conditions are suitable [1]. 

Studies showed that Enterobacteriaceae composed the vast majority of aerobic or facultatively anaerobic 

gram negative bacilli isolated from intra-abdominal infections, with Escherichia coli being the most commonly 

isolated species [11]. 

Salmonella species can be responsible for increased health hazards. Salmonella typhi is a facultative 

intracellular pathogen which causes the Salmonellosis in humans and animals and is also the causative agent of 

human typhoid fever, a worldwide problem with over 30 million cases annually [1]. 

Enterobacter is considered to be a pathogenic microorganism. The most notable species of this genus that 

are considered to be pathogenic are Enterobacter cloacae, Enterobacter aerogenes and Enterobacter 

agglomerans [13]. 
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Proteus is a human pathogens, causing urinary tract infections; also are secondary invaders, causing septic 

lesions at other sites of the body. Occurs in the intestines of humans and a wide variety of animals; also occurs 

in manure, soil, and polluted waters. 

The genus Klebsiella is ubiquitous. Strains of this genus are found in surface water, sewage, soil, and on 

plants. They also colonize the mucosal surfaces of humans, horses, and swine. In humans, K. pneumoniae is 

present as a commensal in the nasopharynx (detection rate, 1–6%) and in the intestinal tract (detection rate, 5–

38%). In hospitals, colonization rates increase with the length of stay (detection rates, 77% in the stool, 19% in 

the pharynx, and 42% on the hands of patients) and hospital personnel can carry K. pneumoniae. The high rate 

of colonization in patients is associated with the use of antibiotics. The genus Klebsiella can be associated with 

different sorts of infections. Klebsiella pneumoniae is a cause of community-acquired bacterial pneumonia, 

occurring particularly in chronic alcoholics, and showing characteristic radiographic abnormalities. The fatality 

rate is high if untreated [10]. 

Hafnia alvei is found in the feces of humans and other animals, including birds. Also found in sewage, soil, 

water, and dairy products. It may be isolated in association with some pathological processes in patients with 

underlying illness. Some strains may cause diarrheal diseases [6]. 

Fourier transform infrared spectroscopy (FTIR) techniques constitute radically different approaches for the 

identification of microorganisms. The IR spectra of intact bacteria provide highly specific patterns that allow 

microbial cells to be distinguished at different taxonomic levels and have frequently been employed for the 

rapid and accurate identification of microorganisms even to the strain level [3]. 

PCR is a rapid in-vitro procedure for enzymatic amplification of specific DNA sequences which increases 

the number of copies of the target sequence. This allows increased sensitivity of detection of a DNA sequence 

present in trace amounts in mixed populations [1]. Even a minute amount of target DNA can be amplified with 

the help of PCR technique. The amplified fragments are sequenced and the primer designed to target conserved 

DNA sequence can be used to analyze a wide verity of food born microorganisms. The final detection stage 

requires gel electrophoresis and further sequencing of the amplified product in addition to the normal step of 

PCR, thus increasing the time and complexity of detection [4]. 

The random amplification of polymorphic DNA (RAPD-PCR) technique, a variation of PCR, is based on 

the random amplification of polymorphic DNA fragments and uses a single primer directed at a random DNA 

sequence. In low stringency conditions, the primer anneals to homologous or very similar segments of DNA [7]. 

 

MATERIALS AND METHODS 

 

130 isolates of Enterobacteriacea family members were obtained from different foodstuff (meats, poultry, 

diary products, spices, pickles) by weighing 25 g of the sample in sterile bag and adding 225 mL of Buffered 

Peptone Water and incubation at 37 C for 20 h. 200 µL of broth was streaked on MacConkey agar plates, the 

plates were incubated 37 C for 24 h. The isolates were identified according to Bergey's Manual of Systematic 

Bacteriology including morphological, physiological and biochemical tests [6]. Salmonellae spp. were isolated 

according to Harrigan (1998). RAPD-PCR and FTIR-ATR techniques were used for rapid identification of the 

isolates. The primers used to identify the isolates are shown in table (1). DNA was extracted by means of 

Wizard ® Genomic DNA Purification Kit (Promega Corporation, Madison, USA) according to manufacture's 

instructions. 12.5 µL of Go Taq ® Green Master Mix (Promega Corporation, Madison, USA) were mixed with 

1 µL of extracted DNA, 1 µL of each of forward and reverse primers (25 pmol.mL
-1

) and 9.5 µL DNA free 

water.  

 
Table 1: primers used in this study 

Species 
Target 
gene 

Primers sequence Product size (bp) 

Salmonella spp. invA 
F: 5'- TAC TTA ACA GTG CTC GTT TAC-3' 

R: 5'- ATA AAC TTC ATC GCA CCG TCA-3' 
565 

E. coli uidA 
F: 5'- TGG TGA TTA CCG ACG AAA ACG GC-3' 
R: 5'- ACG CGT GGT TAC AGT CTT GCG-3' 

162 

P. mirabilis aad 
F: 5'- CGC TAT TAA CCT TGC TGA AC-3' 

R: 5'-CCT TTC TCA CTC ACC ACATC-3' 
528 

H. alvei ACC-1a 
F: 5'- GCG TAA AAA AAT GCA GAA CAC A-3' 
R: 5'-CCC TTC CAA TGA GCT CAG GAT T-3' 

1164 

K. pneumoniae Cim 
F: 5'- AAT TTA ACC TGG TTT GAT AAG AA-3' 

R: 5'-CAA AAT ATG AAC TAT CAG AAA GAT TG-3' 
211 

E. cloacae rpoB 
F: 5'- AAG GCG AAT CCA GCT TGT TCA GC-3' 
R: 5'-TGA CGT TGC ATG TTC GCA CCC ATC A-3' 

148 

 

All PCR amplification reactions were performed in a DNA thermal cycler (Techne FTC Plus/20, Bibby 

Scientific Ltd., UK). For Salmonella spp., an initial incubation at 92 °C for 10 minutes was used to denature the 

template and activate the Taq polymerase. Then 35 cycles of the following PCR temperature cycling parameters 
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was performed: denaturation for 60 s at 94°C, primer annealing for 60 s at 50.8°C, and DNA extension for 45 s 

at 72°C. Following amplification, a final extension was carried on at 72°C for 10 min, then the reaction cooled 

and maintained at 4°C. The primer annealing temperature was 63.8 °C, 50.3 °C, 53.5 °C and 47.8 °C for E. coli, 

P. mirabilis, H. alvei and K. pneumoniae, respectively; while the other parameters were maintained.   

PCR products were analyzed by gel electrophoresis in 1.6% agarose containing 10 µL SYBR Green/100 

mL Agarose in TBE buffer (89 mM Tris-HCl pH 8.3, 89 mM boric acid, 2.5 mM EDTA) for 1.5 h at 100 V. 

The DNA bands were visualized and photographed under UV illumination at 302 nm (UV Tranilluminator, 

Cleaver Scientific Ltd, UK). 

 

RESULTS AND DISCUTSION 

 

Identification using FTIR-ATR technique: 

Spectra obtained by scanning in the range of 4000-400 cm
-1

. The spectra resulted are shown in figure (1).  

 

  
 

   

   
Fig. 1: FTIR-ATR spectra (4000-400 cm

-1
): A, E. coli; B, Salmonella sp.; C, Ent. cloacae; D, H. alvei; E, K. 

pneumoniae and F, P. mirabilis 
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When comparing spectra at wave number 3200 cm
-1

 [N-H stretching of amide A in proteins [4]], it can be 

noticed the similarity between Salmonella sp., Ent. Cloacae and H. alvei (Fig 1: B, C and D), also E. coli, P. 

mirabilis were similar, while K. pneumoniae was unique and differed from all other species. All spectra are 

similar at the wave number 2870 cm
-1

 [C-H symmetric stretching of -CH3 in fatty acids [9]] except for K. 

pneumoniae and P. mirabilis (Fig. 1: E and F) that means they can be differentiated from other species at the 

wave number 2870 cm
-1

. The region 2375-2250 cm
-1

 is a very characteristic, it is unique for all species studied, 

so all species can be differentiated based on this region. All spectra are similar in the region 2150 cm
-1

 [C≡C 

stretch], except for K. pneumoniae and P. mirabilis. No differences are noticed in all spectra at the wave 

numbers 1740 cm
-1

 [>C=O stretching of lipid esters [12]]. The spectra of E. coli, Salmonella sp. and Ent. 

cloacae are similar at the wave number 1715 cm
-1

 [>C=O stretching of ester, in nucleic acids and carbonic acids 

(Davis and Mauer, 2010)]; while the spectra of the other three species (H. alvei, K. pneumoniae and P. 

mirabilis) are different from each others on one hand and from the former three species on the other hand.  At 

wave number 1468 cm
-1

 [C-H deformation of >CH2 in lipids proteins [4]] and 1400 cm
-1

 [C-O-H in-plane 

bending in Carbohydrates, DNA/RNA backbone, proteins [10]] there are no differences between the spectra of  

E. coli, Salmonella sp. and Ent. cloacae; while the spectra of H. alvei  and K. pneumoniae and P. mirabilis are 

different from each other and from the former three spectra at these wave numbers. There is clear difference 

between the spectra of E. coli, P. mirabilis on one hand, and Salmonella sp., Ent. cloacae and H. alvei on the 

other hand at the wave number 1085 cm
-1

 [P=O symmetric stretching in DNA, RNA and phospholipids [10]]; 

while K. pneumoniae is different from all spectra at this wave number. "Fingerprint region" (900-600 cm
-1

) 

contains weak but very unique absorbances that are characteristic to specific bacteria [10], it can be used to 

differentiate all isolates studied in this research. 

 

DNA amplification and detection: 

A 21-bp forward primer and a 21-bp reverse primer, targeting the invA gene of Salmonella sp. (Table 1), 

were used in PCR to obtain a 565-bp product (Fig. 2A). E.coli were identified by 23-bp forward primer  and 21-

pb reverse primer, targeting the uidA gene of to obtain 162 bp product (Fig. 2B). aad gene in P. mirabilis were 

identified by 20-bp forward primer and 20-bp reverse primer, to obtain 528 bp product. A 22-bp forward primer 

and 22-bp reverse primer, targeting the ACC-1a gene of H. alvei; and 23-bp forward primer and 22-bp reverse 

primer, targeting the Cim gene of K. pneumoniae, to obtain 1164 and 211 bp products, respectively. A 23-bp 

forward primer and 25-bp reverse primer, targeting the rpoB gene of Ent. cloacae, to obtain 148 bp product. 

 

   
 

Fig. 2: Electrophoretic analysis of amplified DNA: A, Salmonella sp. (1, 2 and 3: Salmonella spp. strains, 4 

marker); B, E. coli (1 and 2 E. coli strains, 3 marker). 

 

Conclusion: 

FTIR-ATR technique is rapid, accurate and inexpensive method for identification the members of the genus 

Enterobacteriaceae especially in the unique fingerprint region (900-600 cm
-1

), compared with PCR technique 

which is accurate, but more expensive and lengthy. FTIR-ATR and PCR techniques are superior on expensive 

labor intensive and lengthy traditional method. 
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