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Summary 

       Microwave radiation    

Escherichia coli Staphylococcus aureus    

     .   

   

   .               

             

    .      

        .       

Inactivated    Sodium 

dodecyl sulphate    

SDS        .        

               

             

 Mechanism of antibiotics action . 



 

 

  

Introduction  

 Microwave ovens  

 

 . 

Microwave bands  

 .

 Potential microbial pathogensJamshidi  et 

al.,2009 ) (Vela & Wu ,1979  . 1995  % .277  

   Aitken & Ironmonger  

,1996). ( 

1.1    History of microwave oven 

Percy Spencer  

Microwave radiation   

. 1945 

 .



1947  

Aitken & Ironmonger  ,1996). (  

1.2  Microwave radiation                                                     

  Electromagnetic spectrum  

Television Radiowave Infrared radiation

Ultraviolet radiation   Visible light  Hill, 1998) (

300 MHZ    300 GHZ

1-10  .)Sun et al, 2000; Belyaev et al 

 , 2005(  

Electromagnetic energy :  

1.  

  Thermal effect .   

2.  

Radiofrequency   Nonthermal effect  Jeng et al., 

1987).(  

Microbiological studies 

 Electric field 



 Biological 

effects al., 2003) 

Banik et (.   

Electrochemical nature 

Physiological of microorganisms  . 

  

Jeng et al., 1987) (  .  

3.1       How microwave oven work                          

               Magnetron        

                    

Oven cavity    Aitken 

& Ironmonger , 1996) (  

Sun et al. , 2005) ( 

MHZ2450                

     

)Huang & Sites , 2007 (.      



             

Hill , 1998) ( . 

             

  (Luo et al . , 

2006) .   

                 

   

              

     ) Aitken & 

Ironmonger , 1996 ( .  

   

       . ( 

Almajhdi et al . , 2009)  

  

  

4.1    

  Factors that effect on action of microwave radiation on treated              

microorganisms 

  

  :-  



1. .   

The Strain of microorganisms exposed to microwave radiation .  

2. . 

Growth conditions .  

3.  . 

.Power density of microwave radiation     

4.    .  

Time of exposure to microwave .   

5. .    

The sample volume exposed to microwave . 

6.  .  

The water amount of sample .   Gorny et al . , 2007 ;  Ferriss , 1984)   ( .  



  

  

Literature review 

1.2     

Effect of microwave radiation on human food and health 

            

 Aitken & Ironmonger , 1996 ) (  .      

  Corn-soy milk     

      A B1               

    .        

  Salmonella senftenberg      ) 

Bookwalter et al. ,1982 (  .  

                 

      

Jamshidi et al. , 2009 )  (  

              

Milk Microflora   (Codre et al. , 2010).    

  

:   



1.             

Cooking toxicants     Carcinogenic 

polycyclic aromatic hydrocarbons   .  

          

                 

   ) (El- 

badry , 2010  .  

2.                 

Heterocyclic aromatic amines   

                  

) Oz et al . , 2010              . (                                       

Microwavable foods    

                

     .             

   3      

                 

           

 .    

  Bertrand , 2005)                                                   . (

                                



        MHZ 15 .   

Infected tissues    

 . (Banik et al . , 2003)  

                

                

Mechanical lock  .   

                  

Hill , 1998). (  

2.2     The used microorganisms                

 1.2.2   )  (                              Escherichia coli  

  Enterobacteria 

Aerobic  Facultative 

anaerobic  .   Blood agar  

1 - 4   Indole    

Cheesbrough , 1984). (  

 

Cystitis   Pyelitis Diarrhoeal 

disease Cheesbrough , 1984). (  



   Heat stable toxin   Heat labile toxin 

 .

Tetracycline 

Amoxycillin Aminoglycosides 

Ampicillin Cheesbrough , 1984). (  

2.2.2                                  Staphylococcus aureus  

Staphylococci 

  

Aerobic  Anaerobic  . 

 Blood agar    Chocolate agar  

  1 – 2   

Cream  .   :Coagulase  DNAaseCatalase  

Cheesbrough , 1984) ( .       

             

 ConjunctivitisSepticemia  Food-

poising   Cheesbrough , 1984). (  

 ToxinsEnzymes    

Enterotoxxin B   

  .Sensitive  



Erythromycin  Penicillins  

 Vancomycin  Lincomycin 

Cheesbrough , 1984). (  

3.2  

 

Comparison between E.coli and S.aureus cell wall stratcure .                 

 :  

1.  Cytoplasmic membrane :   

Phospholipid Control barrier 

.  

2. Peptidoglycan layer : 8 

Polysaccharide  

Periplasmic space  )(    

3 .Outer membrane  : 

   Suo et al . , 2009 )(  . 

:  

1 .Cytoplasmic membrane  : .  



2 . Peptidiglycan layer: )20– 80( 

 Teicloic acid   

Lienkamp et al. , 2009 ) ( .  

4.2   

Effect of microwave radiation on different organisms 

Decontamination 

 Bacteria    Bacteriophage  Yeasts 

 .

 Almajhdi et al  . , 

2009)(.  

Chrysomya megacephala 

MHZ2.450 7 40% 

15 30 60 

   

Sripakdee et al . ,2005). (  



 Bacteriophage  Fungi  Actinomycetes 

  Vela & Wu , 1979).  (  

S. aureus  

Pseudomonas aeruginosa  Candida albicans  

 

5  S. aureus  17% Tanaka 

et al . , 1998). (  

Gedikil  2008   E.coli  

S. aureus  Bacillus cereus  

  

 

. 

 

)510 (

  

   Gorny et al . , 

2007). (  



Ferriss , 1984 ). (  

Jamshidi  2009      

Salmonalla typhimurium 

72  

  .  

Pucciarelli  Benassi  2005  

  Salmonella enteritidis  

 .

  

.  

Lakins  2008 

Salmonella enteritidis 

 

New microwave directional technology

 )Magnetrons ( 

  . 



S. auerus 

  Thermonuclease  

10 

  Dreyfuss & Chipley , 

1980). (  

Clostridium  

sporogenes   

Welt et al . , 1994)(.    

  Fujikawa  1992   E. coli   

 .

  .  

 Erdogrul  Cakiroglu 2004         Yersinia 

enterocolitica 

4 678097

. 



GHZ2.45  

3  .

Viruses  

  Ethylene 

oxide    

Sanborn et al . , 1982). (  

Huang  Sites 2007  

 Pasteurization  Listeria monocytogenes 

   

   L. Monocytogenes .  

Latimer  Matsen 1977 10 

60 Bacillus 

subtilis  Enterobacter cloacae  Klebsiella pneumonia  Serratia marcescens  E. coli  

Proteus mirabilis  Pseudomonas aeruginosa  Enterococcus  S. Aureus   S.epidermis  

.  

Khao-Mark) ( 

Tochampa 2011 



49 56 Inhibition  

.  

54

E. coli   P. 

aeruginosa  Staphylococus xylosus Serratia lipuefaciens Staphylococcus gallinarm 

Citrobacter freundii  Acinetobacter lwoffi  44Wesierska & Trziszka , 

2007). (  

5.2            Antibiotics                                                          

  Secondary 

metabolites  Antimicrobial activity 

“”. 

Antimicrobial agents 

Antibiotics  

Andersson , 2005 ) .  (  

Bactericidal effect  

Bacteriostatic effect .  

 Specific targets   :



Inhibition of cell wall synthesis DNA  Inhibition of 

DNA replication  RNA  Inhibition of RNA synthesis 

Inhibition of protein synthesis  Andersson , 2005 ) . (  

1:    

  



 

1 : Kohanski et al . , 2010 ). ( 

    

               B 
actams 

  
Pencillin 

  
Inhibition of cell 

wall synthesis 
            

 

 
Glycopeptides 

  
Vancomycin 

   
Inhibition of cell 

wall synthesis 
 

 
Lipopeptides 

 
Polymixin B 

   
Inhibition of cell 

wall synthesis 
 

Aminoglycosides 
  
Gentamicin 

  
Inhibition of protein 

synthesis 
 

 
Macrolides 

  
Erythromycin 

  
Inhibition of protein 

synthesis  

Streptogramis 
  
Pristinamycin 

  
Inhibition of protein 

synthesis  

      
Phenicols 

  
Chloramphenicol 

 .  
Inhibition of protein 

synthesis   . 

 
Tetracylines 

  
Tetracyclin 

.  
Inhibition of protein 

synthesis 
  . 

Fluoroquinolones  
 

  
Levofloxacin 

  DNA.   
Inhibition of DNA 

replication  

Trimethoprim- 
sulfamethoxazole 

-   
Co- trimoxazole 

DNA.  
Inhibition of DNA 

replication 
. 

Rifamycines 
  
Rifamycine 

RNA.   
Inhibition of RNA 

synthesis 
. 

  



6.2 

  

Effect of antibiotics on electromagnetic field - heated different bacterial 

strains  

E.coli  

91.6 %Tetracycline  86.7 %

Ampicillin 77.8 %Sulphnamide    

39.3%  Gentamicin 4.1%  Nalidixic 

acid   64%  E.coli 

  

 Multi – drug resistane  Olowe et al . , 2008) (.  

240 S. aureus Obiazi  2007  

 50.0 % 

Gentamicin 40.0%  Erythromycin  30.0 % 

 Streptomycin  

Cloxacillin  Pencillin  Tetracycline Ampicillin  .  

S. aureus Pencillin 

Gentamicin Erythromycin 

S.aureus 48.4 %

2.1% 

B Lactamase Russi et al . , 2008 ) (.  



Gaafar 2006 E.coli  

 6 

Amoxicillin Nalidixic acid  

Erythromycin Inhibition zone  E.coli   

16  .  

805 E.coli 660 

S.aureus B. Lactamase 89 

E.coli  58 S.aureus 

 :

 Cephalexin Pencillin  Chloroamphenicol 

Amoxcillin Erythromycin Gentamicin 

Ciprofloxacin Doxycycline Tylosin  

Cefuroxime  Tetracycline Ampicillin   ) 

.  (Mamza et al . , 2010 

Drew  1972 S.aureus  

Methicillin  Kirby bauer method 

5 

    



Inhibition zone  

.  

35 P. aeruginosa  Rassam 2010 

100% Ciprofloxacin 91% 

Pipercillin  74% Gentamicin  54% 

Amikacin  Laser light 

.  

  

  

7.2 Sodium dodecyl sulphate (SDS)         

    SDS            Anionic surfactant 

                     

           

  Dangerous contaminations 

Hossein et al . , 2007) . (     SDS     

       Tiwari et al . , 

2008). (  



  

8.2 SDS  

Effect of SDS on microwave radiation- heated  different bacterial strains 

Sodium dodecyl sulphate 

Acinetobacter johnsoni 

Pseudomonas beteli 

et al . , 2007) Hosseini. (  

Tiwari  2008 E.coli Bacillus 

subtilis Silver nanoparticles 

  600 SDS 

30 SDS    

.  

E.coli  B.subtilis Woo 2000 

DNA 

SDS E.coli 



Spectrophtometer B.subtilis   

   . 

  

  

  

  

  

  

  

  

  

  

  

  

  



1.3      The aim of the work                                             

:  

1  .

 E.coli S.aureus   

.   

2  .SDS 

. 

 

 

  



  

  

  

Material & Methods 

1.4                        Materials                                                        

 1.1.4 Equipments and suppliers                                        

            

Autoclave  Hirayama manufacturing corporation .  

  Incubator Momment  .  

Shaker incubator  Stuart scientific  . 

Sensory balance Sartarius laboratory   .  

Spectrophotometer   Hz60/50  Jenway .  

Microwave oven  2,450MHz   .  

µL ) 1001000( Eppendoef    .  

Sterilin  .  

Parafilm rolls  American national.    

Cultiplast  . 

Echerichia coli  Phoenix  

  . 



Staphylococcus aureus 

Phoenix  .  

2.1.4  Nutrient media and chemicals    

 Nutrient agar Himedia   . 

 Nutrient broth Himedia    .  

Sodium chloride   Himedia    . 

SDS  Acros   .  

 Erythromycin Amoxcillin Vancomycin  Himedia   

 Gentamicin  Oxoid.  

2.4                                                        General methods  

1.2.4     Sterile practicing area                              

 .

Autoclave  15p.s.i  15 121

 .

Thermometer 24 70% 

  dH O .  

 .

Direct flame 



 .Culture plates 

.  

2.2.4  Incubation                                                                                

  

 .  

37 24 .  

3.2.4  Preservation of bacterial culture                        

 

Slant cultures . 

Stock culture  .   Sub-

culturing .  

4.2 4.                                Identification of bacteria      

 Phoenix  .

Pure culture isolates   

 .

Axenic culture  18 

24 .  



3.4                                        Study experiments    1.3.4  

Bacterial cell growth                                          

Nutrient agar 

24 37  . 200 

Nutrient broth 500    150  

 /  20  35

Spectrophotometer  600 (Tahir et 

al . , 2009) .  

2.3.4   

Measurement of  bacterial cell count after exposure to microwave        

radiation 

Absorbance 0.5 

Spectrophotometer  9 

0.85%  Serial dilutions . 

10 Bacterial suspension 

   200 

1000 200 

)1 

2 3 ()90 360 600  (  

Control 



  Gedikil et al. , 2008 ; Tahir et 

al . , 2009). ( 

1000 

40

)1 2 3 ((Tahir et al . , 2009).  

Thermometer  (Tahir et al . , 2009).   

0.1   

 24 

37(Tahir et al . , 

2009) . 

 

 

3.3.4   

Susceptibility of microwave- heated bacterial cell to antibiotic                   

 Bauer- Kirby disc diffusion 

 : 

Erythromycin 15   Amoxycillin 10   

Gentamicin  10   Vancomycin 10  .  



0.5 

Evenly 10   

.   

0.3   

5 

 

3520 Inhibition zone  

( Drew et al. , 1972 ; Gaafar et al. , 2006) .  

4.3.4  SDS  

Sensitivity of microwave- heated bacterial cell to SDS                                    

0.9% 16 

250   10  8 

85

90  8  Woo et al. 2000) ( 

.  

SDS 0.1 %4 

 4   16) (

37150 /   )1  2  3  4 (



Spectrophotometer  600  Woo et al. 2000). (   

5.3.4 Sterilization by microwave oven          

 0.5 

5  

 , 1977) Latimer & Matsen (.  

35  24   

 , 1977) Latimer & Matsen(.   



  

 

  

Results 

1.5  

)  (.  

Effect of microwave oven on viable count of E.coli and S. aureus             

3 2 

90  Exposure time

 .1 

Bacterial suspensions 

4 

3 90 360 600  

600 .  

  

  



  

1 :.  

  

  

  

  

  

  

  

  

  

  

 

 

  



2 :  E.coli         

       S.aureus 90 .  

  

  

  

  

  

 

  

  

  

 )(   ×
10 CFU ml 

  
   ×10 CFU ml 

  Control 537 575 

1 509 433 

2 316 157 

3 11 3 



 

  

2 : E.coli       
       S.aureus 90 .  

 

 

 

 

 

 

 

 

 

 

 



 

3 :   E.coli        

       S.aureus  .  

  

  

 

 

 

 

  

  

  

  

  

  

  

 

 

   ×
10 CFU ml 

   
  ×10 CFU ml 

             Control 537 575 

90 509 433 

360 100 58 

600 3 2 



 

3 : E.coli       

      S.auerus   .  

 

 

  

 

 

 

 

 

 



2.5 

.  

Non thermal effect of microwave radiation on viable count of E.coli and 

S.aureus 

  

40 5 4 

90 

.  

2 

90 40

.  

 

 

 

 

 

 

 

 

 

 



 

4  :)E.coli S. aureus  (40              
    .   

 

 

 

 

 

 

 

 

 

 

 



4 : E.coli         

      S.aureus  90                 

 40.  

  
  

  

  

  

  

  

  

  

 

 )(   ×
10 CFU ml  ×10 CFU ml 

   Control 537 575 

1 524 442 

2 404 325 

3 318 170 



 

 

5 : E.coli          

       S.auerus 90                

 40.  

3.5    

Effect of antibiotic on microwave- heated E.coli . 

  Inhibition zone diameterControl 

6 5 

90 Amoxicillin  



Gentamicin   .7 6 

360 600 

 :Amoicillin  Erythromycin Gentamicin 

vancomycin 

.  

 90 

8 7.   

  

  



 

  

  

 

 

6 : E.coli   :          

 .Control) . (  

 .90      .      

 .90 .  

 .90 .  
  

) (  )( 

 )(  )( 

                                  
 

                                      
                                       

  



 

5 : E.coli       

       90.  

  

 
 

  

)( 
Inhibition zone diameter (Cm) 

  
 

 
  
  
 

 
Antibiotic  

 
S I R 

 
Control 

 
  

  

  
Amoxicillin 

2<  1.9> 1.5 1.5 1.9 1.9 

  
Gentamicin 

1.5< 1.3-1.4 1.2> 2.1 2.1 2.1 2.3 

 
Erythromycin 

2.3< 1.4-2.2 1.3> 1.1 1.1 1.1 1.1 

Vancomycin 
1.5<   0.7 0.7 0.7 0.7 



 

 

 

 

7 : E.coli :  

 .  Control). ( 

 .90.  

 .360.  

 .600.  

 
 

 )(  )( 

 )(  )( 



  
 
 
  

6 : E.coli         

      .  

 
 
 
 
  

)( 
Inhibition zone diameter(cm) 

 

  
Antibiotics 

S I R 

 
Control   

90 360 
  

600 

 
Amoxicillin 

2<  1.9> 1.5 1.5 2.5 2.1 

 
Gentamicin 

1.5< 1.3-1.4 1.2> 2.1 2.1 2.5 2.5 

 
Erythromycin 

2.3< 1.4-2.2 1.3> 1.1 1.1 1.3 1.7 

 
Vancomycin 

1.5<   0.7 0.7 0.7 0.7 



 

 

 

 

8 : E.coli                                                                                           :

. Control)                                                               . (

. 90                                                                       .

. 90                                                                        .

. 90 .  

  

  

 )(  )( 

 )(  )( 





 

 

 

7 : E.coli          

      90.  

 

 

 

 

 

 

 

 

 

 

)( 
Inhibition zone diameter(cm) 

  

 

 
  

Antibiotics 

S I R 

 
Control   

   

Amoxicillin 
2<  1.9> 1.5 1.5 1.5 1.5 

 
Gentamicin 

1.5< 1.3-1.4 1.2> 2.1 2.1 2.1 2.5 

Erythromycin 
2.3< 1.4-2.2 1.3> 1.1 1.1 1.1 1.1 

 
Vancomycin 

1.5<   0.7 0.7 0.7 0.7 



 

4.5  

  

Effect of antibiotic on microwave-heated S.aureus  . 

 

9 8 

90 

  

10 9 360 

  

600   

. 

90  11 10 

90 

90   .  

  

  



 

9 : S. aureus :  

 .Control). (  

 .90 .  

 .90 .  

 .90 .

 )(  )( 

 )(  )( 



  

8 : S.aureus           

 90.   

  

  

  

  

 

 

)(  
Inhibition zone diameter(cm) 

  

 

  
  

Antibiotics 

S I R 

 
Control 

   

Amoxicillin 
2<  1.9> 2.9 3.3 3.3 3.3 

Gentamicin 
1.5< 1.3-1.4 1.2> 2.3 2.3 2.3 2.7 

 
Erythromycin 

2.3< 1.4-2.2 1.3> 2.5 2.9 3.1 3.1 

Vancomycin 
1.5<   1.3 1.3 1.3 1.3 



 

10 : S.aureus                                                                                                          :

 .(Control) .                                                             

 .90                                                                       . 

 .360                                                       . 

 .600.  

 

  

 

 )(  )( 

 )(  )( 



9 : S.aureus            

       .  

 

 
 

 

 

 

 

 

 

)( 
Inhibition zone diameter(cm) 

  

 

 

  
Antibiotics 

S I R 

 
Control   

90 360 
  
600 

    
Amoxicillin 

2<  1.9> 2.9 3.3 3.5 3.7 

 
Gentamicin 

1.5< 1.3-1.4 1.2> 2.3 2.3 2.5 2.5 

Erythromycin 
2.3< 1.4-2.2 1.3> 2.5 2.9 3.3 3.5 

Vancomycin 
1.5<   1.3 1.3 1.3 1.7 



 

11: S.aureus  :  

 .(Control).   

 .90  .  

 .90 .  

 .90 .  

  

  

  

  

 )(  )( 

 )(  )( 

                                        

                                ) ( 



  

  

10 : S.aureus          

         90 .   

  

  

  

  

  

 

 

  

  

  

)( 
Inhibition zone diameter(cm) 

  

 

 
  

Antibiotics 

S I R 

 
Control   

   

Amoxicillin 
2<  1.9> 2.9 2.9 3.3 2.7 

 
Gentamicin 

1.5< 1.3-1.4 1.2> 2.3 2.3 2.3 2.3 

Erythromycin 
2.3< 1.4-2.2 1.3> 2.5 2.7 2.7 2.5 

 
Vancomycin 

1.5<   1.3 1.3 1.3 1.3 



5.5  SDS  

 

Effect of SDS salt on microwave-heated E.coli and S. aureus . 

SDS 

Cell density Spectrophotometer 

 600  12 

 SDS  

SDS  .

SDS   

. 

  13 

SDS  SDS .  

12 13 Control  

SDS   

3 4 5 

    . 

 
 
 



  

 
12 : SDS E.coli                

    .  

  
  
  
  
  
  
  
  
  
  
  
 
 
  
 
  



  

13 : SDS S.aureus              

        .  

  
 
 
 
  
  
  
  
  
  
 
 
 
 
 
 



6.5 

 

Sterilizing effect of microwave oven radiation on E. coli and S. aureus       

     

  

90 9     

360 3 

600   .

1 

.  

  



 

  

 
Discussion 

 

Food content  

Viability of  microorganisms 

 

 

(Tochamp et al . , 2011)  .  

1 3 4 Bacterial  suspension 

   

Viable count  

  

     )Gedikli et al . , 2008  (

  

  .Tahir     2009  

 

Bactericidal effect 



  External and internal cellular liquids 

 .

  

Heat shock proteins 

Microbial inactivation .                

  

 Pathogens  . 

  (Lakins et al. , 2008) . Coder 

2010    

Cold pasteurization 

 :Selective heating theory   

Electroporation  

Magnetic field coupling    

  .

Cell lysis .  

Lakins  et  al  .  ,  2008) .  (



Enzymatic activity 

            (Banik et al . , 

2003) . 2 4 
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Summary 

This study has been carried out in order to test the effect of microwave 

radiation on the viability of cells of the bacterial species such as Escherichia 

coli and Staphylococcus aureus . These bacterial strains were selected because 

they cause food contamination the food and are  pathogenic to human .  Data 

which actually obtained during this work indicated that microwave radiation 

had both thermal and nonthermal  bactericidal . Gram positive bacteria such as 

S. aureus was more sensitive to microwave radiation comparing with Gram 

negative bacteria such as E.  Coli  .   These differences may  due to the 

differences of the bacterial cell wall structure . Exposure of bacteria cells to 

the microwave radiation at long exposure time and high power lead to actual 

death of cells and high performance of sterilization . Our experiments 

indicated that microwave radiation treated  the bacterial cells became 

inactivate and highly sensitive to lysis by SDS especially  E. coli , on other 

hand S. aureus was resistant to SDS because of their thick and rigid cell wall . 

The microwave exposed cells are more sensitivity to antibiotic than 

unexposed cells especially at high exposed time and power , this is evident of 

microwave radiation cause a changes in antibiotic mode action . 


