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Abstract: Using microwave oven nowadays has become necessary due to the need for speed in our daily 

activities. It is widely used in hating, thawing, and even cooking of food. It has been also used in 

sterilization and decontamination of food from microorganisms. This study aimed to evaluate thermal 

and non-thermal effect of a regular house holding microwave oven on Staphylococcus aureus and 

Escherichia coli. Bacterial suspension is exposed to microwave radiations  in different strength and 

durations and compared to unexposed cultures. During microwave treatment, non-thermal effect is 

evaluated by putting the suspension crushed ice. The results indicate that the viability of both gram 

positive and negative was highly reduced with thermal effect of microwave radiations, leading to 

complete inactivation at three minutes. Non-thermal microwave radiations were also able to cause change 

in the microbial viability of both tested organisms on at least two-exposure occasion. The evaluation of 

antibiotic susceptibility before and after microwave radiations treatment indicate that antibiotic resistance 

was highly increased to tested antibiotics specially after three-minute exposure, except for 

Staphylococcus aureus to Amoxicillin, which became more sensitive. Microwave radiations reported to 

have a strong activity in eliminating the number of microbes but, it may have an important role in 

development of antibiotic resistance that should not be ignored.   
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1. Introduction  

 Microwave is defined as electromagnetic non-ionizing waves ranging from 0.3 to 300 gigahertz 

(GHz) frequencies (Cohen & Wald, 2016). The thermal and/or non-thermal effect of microwave 

irradiation could cause the abnormal permeability of bacterial cell  membrane and the degeneration 

of protein, resulting in bacterial metabolic abnormalities and  irreversible damage of bacteria (Qiao, 

Ying, Singer, & Zhu, 2018; E. B. Yahya et al., 2020). It could also cause antibiotic resistant 

mutations (E. B. Yahya, Alhawari, Amhimmid, AbuAeshah, & Saada, 2018). However, huge number 

of pathogenic and non-pathogenic bacteria is frequently exposed to microwave radiations (MR) with 

food in the houses, cafes, and restaurants. Depending on the strength and frequency of radiation, MR 

may affect the viability of microorganisms. Therefore, when irradiating living organisms, 

microwaves produce two types of effect, thermal and non-thermal. Thermal effects are the 

consequences of absorption of MR by cell molecules. It was suggested that killing microorganism is 

achieved by thermal effect of microwave exposure  (Kang & Kato, 2014; Wilbur & Al Tawengi, 

2016). On the other hand, Alharbi et al., 2016; Banik, Bandyopadhyay, & Ganguly, (2003) showed 

that the effect of the nonthermal effect of MR was variable. Biagi et al., (2016) concluded that MR 

heating has an extent destructive ability to bacterial cells than any other heating method with similar 

temperature. Alharbi et al., (2016) study on different biological models reported that the effect of 

MR depends on the type, frequency, duration, and organism model. 

Many scientific papers have been published about the effect of MR on microorganisms, such as 

bacterial motility and biofilm formation (I. H. Said-Salman, F. A. Jebaii, H. H. Yusef, & M. E. 

Moustafa, 2019); the amount of toxin and exopolysaccharide production (Ma et al., 2019); bacterial 

virulence (Patel et al., 2019); and bacterial level of growth and metabolism (Mazinani, 2019). In this 

study, the researchers aimed to study and evaluate the role of time of exposure and the intensity of 

each of microwave thermal and nonthermal radiation on the survival and antibiotic resistance 

mutagenesis of S. aureus and E. coli exposed to MR compared to unexposed cells.   

 

2. Material and Method Standardization of Bacterial Cells 

 Pathogenic stains including Staphylococcus aureus and Escherichia coli were isolated from diabetic 

wound from Zliten teaching hospital, and biochemically identified in microbiology laboratory in Al-

Asmarya Islamic University. Spectrophotometer was used to adjust a 0.5 MacFarland standard from 

the two bacterial cells using 0.85 % (w/v) sterile saline solution and bacterial colonies in logarithmic 

phase. The number of bacterial cells in suspension was confirmed by direct counting using  

haemocytometer (E. Yahya & Abdulsamad, 2020). 

2.1. Evaluation of Microwave Radiation Effect  

      Three exposure times 1, 2 and 3 minutes, and two percent exposure power (40 and 80%) by using 

a household microwave oven (Hommer) with a wavelength of 2,450 MegaHertZ. 10 ml of bacterial 

suspension were put in tube. The tube was placed in an empty glass placed in the center of the 

microwave oven and exposed to MR.  For determination of non-thermal effect, the elevation of 

temperature (thermal effect) of MR was avoided by putting the inoculum in ice during MR treatment. 

Whatever alterations in bacterial variability and/or mutagenesis that have been observed are most 

likely attributed to MR specific effects (Non-thermal effects). However, untreated samples were used 
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as a control group of each tested microorganisms. After MR exposure, 1 ml was aseptically taken 

from each tube, and serial dilution was done to count the CFU number. 

2.2. Evaluation of Mutagenic Effect of the Microwave Radiation 

       Mutagenic effect was determined by evaluating the sensitivity of bacteria before and 

after exposure to MR to four antibiotics by disk diffusion method. After the period of 

incubation, the zone of inhibition was measured with a caliper in millimeter. Studies were 

performed in duplicate, and mean value was calculated. 

3. Results 

The results of thermal and non-thermal effect of MR presented in Table 1. Gram negative E. coli 

were more sensitive to both thermal and non-thermal MR power than Gram positive S. aureus. The 

temperature of bacterial suspension after MR treatment was measured in both thermal (75, 93 and 

94 °C for 1, 2 and 3 min respectively) and non-thermal (23, 28 and 41 °C for 1, 2 and 3 min 

respectively) microwave treatment. The quantity of water become noticeably reduced (50%) in the 

3 min exposure of thermal effect treatment. 

  

Table 1. Viable count of bacteria after exposure to Microwave radiation for different durations (CFU) 

A. S. aureus 

 1 min 2 min 3 min 

40% 80% 40% 80% 40% 80% 

Thermal 

effect 

26 130 88 24 5 3 

Non-

thermal 

effect 

un un un 192 124 112 

B. E. coli 

 1 min 2 min 3 min 

40% 80% 40% 80% 40% 80% 

Thermal 

effect 

19 28 3 0 0 2 

Non-

thermal 

effect 

un un un un 160 17 

  un= uncountable number of colonies (>200 cfu) 

  Evaluation of antibiotics sensitivity for both the wide type strain (Control) and the survival cell 

from 2- and 3-min exposure was presented in table 2 and fig. 1. The sensitivity of bacteria to most 

of tested antibiotics decreased specially after 3 min exposure, except for S. aureus to Amoxicillin, 

which became more sensitive.  
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Table 2. Antibiotics sensitivity of bacteria before and after exposure to microwave radiation 

Amoxicillin Ciprofloxacin Cefixime Chloramphenicol  

E. 

coli 

S. 

aureus 

E. 

coli 

S. 

aureus 

E. 

coli 

S. 

aureus 

E. 

coli 

S. 

aureus 

 

28 8 34 43 22 25 23 15 Control 

22 5 30 29 25 24 18 16 Exposed 

for 2 min 

8 38 23 25 20 10 12 9 Exposed 

for 3 min 

 

         

Figure 1. Antibiotic Sensitivity for Microwave exposed bacteria and control  

4. Discussion 

This study indicated that MR reported to have better effect in thermal phase, compared to non-

thermal phase as presented in table 1 which presents that E. coli was more sensitive to MR than S. 

aureus. Gram-positive bacteria were characterized with strong peptidoglycan layer in their cell wall, 

which may partially protect S. aureus from MR. However, the best destruction time was noted to be 

2 and 3 min for gram negative and only 3 min for gram positive which supports the hypothesis. 

Previous study has reported that 110 sec (less than 2 min) exposure to thermal MR was enough to 

deactivate S. aureus. This may justify that the killing of bacteria took place due to heat transfer and 

its direct effect on cells (Almshgab, Yahya, & Banu, 2020, Liu, 2014). Other studies reported that 

the effect of MR on S. aureus  bacteria varies  from killing to enhancing or slowing their  growth 

(Mahdi & Gomes, 2019). The thermal effect of MR is manifested as the elevation of system 

temperature by passing of waves through it. This is accompanied by different physiological and 

biological effects, which may be attributed to cell wall disturbance and leakage of cell contents 

(Woo, Rhee, & Park, 2000). Similarly, in a study done by Jagani et al., (2012) both tested 

microorganisms like this study were also destroyed and deactivated after being exposed to MR for 3 

min. 

      Non-thermal MR was able to cause changes in the microbial growth of both tested organisms on 

at least two occasions (table 1). According to Rosario, Rodrigues, Bernardes, & Conte-Junior, (2020) 

reported that not much is known about the exact mechanisms of the effect of non-thermal MR, as 

the publications regarding this is limited in number. However, in a study done by Shamis et al., 
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(2011) which is similar in methods to the current study. E. coli suspension was exposed to MR and 

temperature remained below 40°C. When the treated cell examined under electron microscope 20nm 

in diameter pores in cell wall was observed, it allowed the passage of dextran molecules, leading to 

the dehydration of cells. However, in the current study there is no big difference that can be observed 

among non-thermal effect of MR between gram positive and gram-negative selected bacteria. 

However, there is a noticeable difference in time of exposure. The 3 min exposure to non-thermal 

MR was able to dramatically minimize the number of both microorganisms. Such elimination could 

not be credited to the elevation of temperature (thermal effect) because the temperature was 

maintained around room temperature. According to Tahir, Mateen, Univerdi, KaraGoban, & Zengin 

(2009), the same temperature from different other sources was tested and did not give similar changes 

as non-thermal MR.  

        Regarding antibiotic resistance mutagenesis effect of MR, Edwards (2012) reported that vitro 

exposure of microorganisms to MR accelerated the synthesis machinery of many molecules such as 

glycol-peptides which may increase antibiotic resistance. As showed in table 2 and figure 1, the 

results of this study indicate that the control strains of both S. aureus and E. coli were sensitive to 

the four common antibiotics except for S. aureus to Amoxicillin. Surprisingly, the bacterial 

resistance is highly developed by prolonged exposure time (3 min). The present study gives details 

that exposure to MR may affect Bacteria plasmid to enhance bacterial resistance. Thus, long 

exposure time may cause adverse mutation leading to reverse bacterial sensitivity, as shown in fig. 

1. These results are similar to the study  of I. Said-Salman, F. Jebaii, H. Yusef, & M. Moustafa, 

(2019) which conclude that bacterial exposure to Wi-Fi microwave leads to increase antibiotic 

resistance and motility of E. coli and S. aureus. Electromagnetic fields and mobile tower radiations 

have been reported in gaining antibiotic resistance. That can significantly alter the vital systems in 

microbes and turn them multidrug resistant (MDR), which is important as current threat to public 

health (I. Said-Salman et al., 2019; Sharma, Lamba, Sharma, & Sharma, 2018). This confirms the 

results obtained from this study. However, in the study  of El-Guendouz et al., (2018), it is reported 

that microbial exposure to MR has no significant effect in resistance to certain antibiotics. S. aureus 

– treated with amoxicillin (30 µg), exposed to electromagnetic fields, and radiation treatment – had 

no significant effect on bacterial sensitivity to antibiotics. Similarly, Ogunniran, David, Isinkaye, & 

Olawale (2019) have reported that gamma radiation reduced the population of Enterococcus faecalis 

and Escherichia coli in water, but does not positively affect their susceptibility to antibiotics. 

Furthermore, Zhao, Hu, Ren, & Zhang (2018) conducted study on the changing patterns of antibiotic 

susceptibility of the surviving P. aeruginosa after UV disinfection. Antibiotic susceptibility tests 

indicated that the surviving P. aeruginosa seemed more susceptible to norfloxacin, carbenicillin, 

rifampicin, vancomycin and chloromycetin after UV irradiation. A direct comparison of the current 

study may be difficult because of the differences of experimental procedures employed and the 

differences in the bacterial strains. S. aureus become highly sensitive to Amoxicillin opposed to 

other tested antibiotics. This may be caused by the disturbance of bacterial cell wall by MR and 

formation of pores, as explained earlier (Shamis et al., 2011).  

5.  Conclusion 

Based on the results obtained, it is safe to conclude that microwave oven is an effective tool to use 

for heating and cooking food, as it effectively eliminates the numbers of each of E. coli and of S. 

aureus bacteria. Therefore, it prevents food poisoning caused by such bacteria. However, the present 

study recommends reducing the use of microwave ovens. It also recommends that more studies on 
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other Bacterial strains are needed to confirm microwave’s altering effect to convert bacteria to be 

more resistant. Moreover, the use of microwave oven causes DNA mutagen effect, which possibly 

may be an additional reason for the outbreak of antibiotic resistant organisms. 
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