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EFFECT OF MICROWAVE AND SOME TREATMENTS 

ON MICROBIAL INACTIVATION RATE OF MILK 

*Ghanem T.H.     ** Omar M.A.M          

ABSTRACT 

The aim of the present work is to study the effect of three different 

microwave power levels of 285, 385 and 470 W and alternating mixed 

treatments (20 seconds in microwave and 20 seconds sudden cooling) 

repeated one, two and three times on the total microbial counts (CFU/g) 

of milk . It was found that as the microwave power increases the total 

microbial counts decreases from 3.6x10
10

 to 2.4x10
4
 CFU/g. Insignificant 

differences were found between 385 and 470 W for the pure microwave 

treatments. The decimal reduction time were 10.36 s, 7.87 and 7.49 s for 

the three power levels respectively. For the mixed alternating treatments 

the power level of 470 gives the least total bacterial count of 3.3x10
3
 

CFU/g compared to 3.5x10
3
 for the power level of 385W at 2450 MHz. 

The decimal reduction times were 39.23 and 38.90 s for 385 and 470 W 

for the three times treatments respectively. Semi-logarithmic models were 

satisfied for the pure microwave and alternating mixed treatments with 

coefficient of determination of 0.98. 

INTRODUCTION 

essel et al. (1960) compared the effectiveness of conventional 

heating versus microwave power in killing several bacterial 

species. This was done by heating inoculated eggs and custard. 

The results showed no significant differences. In particular, they noted 

that both methods failed to destroy spores of Bacillus Cereus. Lechowich 

et al. (1969) studied the effect of 2450 MHz on both Streptococcus 

Faecalis and Scchoromyces Cerevisiae. This study also concluded that 

thermal effect could be detected in these systems. Mullin (1995) observed 

that there is no substantiated mechanism for the interaction of microwaves 

with microorganisms other than volumetric heating. The literature on 

microbial interactions can be divided into two chronological   
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sections. A great deal of work was performed in 1940's to mid 1950's 

when the consensus was there were no thermal effects. With the increased 

use of microwave and radio frequency in 1960's, more work was 

undertaken in the area of health exposure effects, but also on microbial 

effects. Parbahanjan (1995) observed that a power level of 50 % (rated 

power 600 W) caused burning of the product in microwave. Chen (2004) 

reported that input electrical power level or the output microwave power 

governs the quality of final products, which has led many researchers to 

study the relationship between them. Toledo (1991) reported that when a 

suspension of microorganisms is heated at a constant temperature, the 

decrease in number of viable organisms follows the first order reaction.  

MATERIALS AND METHODS 

This work was carried out in the Agricultural Engineering Department 

and Dairy Science Department Faculty of Agriculture Al-Azhar University 

Nacr City for studying the effect of pure microwave treatment of three 

different power output levels: 285, 385 and 470 W at 2450 MHz, and also 

alternating mixed treatments for 385 and 470 W at 2450 MHz on 

microbial inactivation rate of milk.  

Materials: 

1. Fresh buffaloe's was  obtained from the herd of Mostorod 

experimental farm , Faculty of Agriculture Al-Azhar University. 

2. Microwave: Microwave oven 220-230V, 2450MHz , model N. 

SMB177KEB-P00C Made in Germany. 

3. Microbial count :Total  bacterial count of milk in colony forming 

units per gram (CFU/g) was evaluated according to the American 

Public Health Association (1987). 

Measuring instrumentations: 

1 Thermocouples:Temperature were measured using type-K 

thermocouples. The output device includes a large 4-digits temperature 

reading display and electronic circuitry, the specifications of 

thermocouples are U.S.A manufactured, model 8528-40, full accuracy  

18-28
o
C and useful range 4-45 

o
C 

2 Stopwatch: for evaluating the residence time in seconds, made in USA, 

model 7425N.  
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3-Pitchino switch for controlling residence time for treatments. 

4-Electrical balance: Made in Japan, Sartorius type, accuracy 0.0001 g. 

Experimental apparatus: 

The experimental apparatus as shown in Fig.(1) is consists of a 

microwave oven, mixer, glass vessel 3 mm thick and test tube for holding 

the milk sample during treatment. Sample of 15 g milk was used for each 

treatment. For alternating mixed treatments, sample was put in microwave 

for 20 seconds and then cooled for 20 seconds using water at zero 
o
C. 

This process was repeated one, two and three times. 

 

                                                              

 
        

                                                

METHODS 

1 Evaluation of microwave output power. 

The microwave output power in Watts was evaluated according to the 

operational manual of the microwave using one litter (1kg) of distilled 

water at 10 
o
C as follows:  

 Microwave power = (m Cpwater T)/t 

Where: 

Cp water = 4187 J/kg.
o
C 

T: is the temperature rise of water above 10 
o
C. 

t  : is the time in seconds. 

2 Evaluation of Decimal reduction time: 

It was evaluated according to Toledo (1991), linear semi-logarithmic plot 

of N against t is used: 

 
kt

oN

N
log303.2 

 

Fig(1)Experimental Apparatus. 

1. Microwave oven. 

2. Rotating disc.  

3. Mixer. 

4. Test tube 

5.  Glass vessel. 
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Where : 

No : is the initial microbial count, 

N   : is microbial count at any time t; 

D   : is the decimal reduction time 










k

303.2

, the time required to 

reduce viable  population by a factor 10.          

3-Experimental procedure: 

The following treatments were evaluated: 

1- Pure microwave treatment for three different power levels of 285, 385 

and 470W at 2450 MHz. 

2- Alternating mixed treatments (20 seconds in microwave followed by 

20 seconds sudden cooling ) repeated as follows: 

 One time, 

 Two times; 

 Three times respectively. 

The Total bacterial count of milk was evaluated in (CFU/g) for all 

experiments. 

RESULTS AND DISCUSSIONS 

Table (1) shows total bacterial count as affected by pure microwave 

treatment of 285, 385 and 470 W and 2450 MHz. It is clear that residence 

time of 20 seconds in microwave gives 7.4x10
5
 (CFU/g) at 285 W 

compared to 3.20 and 2.4x10
4
 (CFU/g) for 385 and 470 W respectively. 

Treatments of  385 and 470 W were the least in the total bacterial counts 

respectively. The decimal reduction time was 10.36 s of  285W compared 

to 7.87 and 7.49 s for the power levels of 385 and 470W respectively. 

Insignificant differences were found between 385 and 470 W for the pure 

microwave treatments. Fig.(3) shows relationship between the number of 

survivors and residence time on semi-logarithmic plot, linear forms were 

satisfied for the three power treatments as follows: 

For 285 W     log N = -0.222t + 10.556                     R
2
 = 0.95 
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For 385 W     log N = -0.299t + 10.556                     R
2
 = 0.98 

For 470 W     log N = -0.3077+ 10.556                      R
2
 = 0.98 

Fig.(2) and Table (2) shows the effect of  alternating mixed (20 seconds in 

microwave and 20 seconds sudden cooling) of one, two and three times 

treatments on microbial inactivation rate for 385 and 470 W and 2450 

MHz. It is clear that the number of survivors were 3.5x 10
3
 for 385 W 

compared to 3.4x10
3
 at 470 W for the three times treatments. The decimal 

reduction times were 39.23 and 38.90 s for 385 and 470 W for the three 

times treatments respectively. Fig.(4) shows the relationships between the 

number of survivors as affected by residence time at 385 and 470 W for 

the three times treatments respectively. Semi-logarithmic relations were 

also satisfied as follows: 

For 385 W     log N = -0.0587t + 10.556                     R
2
 = 0.98 

For 470 W     log N = -0.0592t+ 10.556                      R
2
 = 0.98 

 

Table(1) Total bacterial count (CFU/g) of milk as affected by residence time 

in pure microwave treatments for 285, 385 and 470 W and 2450MHz. 

 

Time 285 W 385 W 470 W 

0 3.6x10
10

 3.6x10
10

 3.6x10
10

 

5 8.6x10
9
 4.6x10

9
 3.1x10

9
 

10 8.8x10
8
 8.9x10

7
 8.6x10

7
 

15 9.5x10
6
 4.5x10

5
 3.3x10

5
 

20 7.4x10
5
 3.2x10

4
 2.4x10

4
 

D 10.36 7.87 7.49 

                                                             

SUMMARY AND CONCLUSION 

In the present work the effect of three different microwave levels and 

alternating mixed treatments (20 seconds in microwave followed by 20 

seconds sudden cooling) repeated one, two and three times on the total 

microbial counts (CFU/g) of milk were studied. From the present study 

we can concluded that: 
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Fig.(2) Effect of alternating mixed process(20 s in microwave and 20 s 

sudden cooling) repeated one, two and three times on total microbial 

count of milk at 285, 385 and 470 W and 2450 MHz. 

Fig.(3) Relationship between logarithms of microbial count and 

residence time at the three tested power levels of the microwave 

power and 2450MHz. 
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Time 385 W 470 W 

0 3.6x1010 3.6x1010 

20 8.6x109 8.5x109 

40 3.5x108 3.4x108 

60 4.8x107 4.6x107 

80 5.2x106 3.12x106 

100 8.6x104 8.5x104 

120 3.5x103 3.3x103 

D 39.23 38.90 

                                      

1 As the microwave power increases the total microbial counts decreases 

from 3.6x10
10

 to 2.4x10
4
 CFU/g. Insignificant differences were found 

between 385 and 470 W for the pure microwave treatments. The decimal 

reduction time were 10.36 s, 7.87 and 7.49 s for the three power levels 

respectively 

2 For the mixed alternating treatments the power level of 470 gives the 

least total bacterial count of 3.3x10
3
 compared to 3.5x10

3
 CFU/g for the 

power level of 385W and 2450 MHz. The decimal reduction times were 

39.23 and 38.90 s for 385 and 470 W for the three times treatments 

respectively.  

Fig.(4) Relationship between logarithms of microbial count and residence time at 

the385 and 470 W of  microwave power and 2450MHz. 

Table(2) Effect of altrnating mixed treatment three times (20 s microwave-20 s 

sudden cooling ) on bacterial inactivation rate at 385  , 470 W and 2450MHz. 
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3 Semi-logarithmic models were satisfied for the pure microwave 

treatments and alternating mixed treatments with coefficients of 

determinations ranged between 0.95-0.98 of the form: 

 Log N = -A t +B 

Where A and B are constants varied with treatment. 
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 الملخص العربى

معدل التثبيط المكروبى للبن  لىتأثير الميكرويف و بعض المعاملات ع  

ممدوح احمد محمد عمر   **               غانمطارق حسين   * 

 385د 285در سددت ثدد است  سددال  ك   فسعتديددث مسدد  اددلط قةددا ي        ددت حددا   دد  بيهدد ا   

 -ا نسددت 20ا نسددت اددت   ابتيدد    ف دد     20-يددث د   د كددك ت ثدد است ثبدد دد  سددال  ك   فسعتدد 470د

دقف سدب  يفعسسد    .دثعت ر ث ت   فع ق ت قتة ات قتثد   ادت ادلط قدت   م د    عد    فسعتدند    دب 

  ساللص  لأث :

 

    .  قعت  لأزهت - ن  ق هتة ك ست   زر مت–أسا ذ قة م    هس ست   زر مست    *

   قعت  لأزهت. -   ق هتة  زر متك ست  –** أسا ذ قة م  نقةت  لأ ب    
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×3.6 قددد  نزيددد دة ة  دددت   فسعتديدددث يقدددر   عددد    فسعتدنددد    دددب  .1
10

×3.6  ددد    10
4
10   

(CFU/g).  د   غسدت قعس يدت مسد   سدال  ك  470د  385كف    حظ     لاخالا ندس    فع ق دت

  7.49د  7.87د  10.36  ع   فسعتدن  د دد  كدد   زقدد   لانل دد     ع ددت    فسعتديددث طقدد .

   فةا ي        ت م     اتثسب. ا نست 

 

د   ك نت  لأ ر طد    عد   470ثبس  أ    فع ق ت ثبتي ( -ط    فع قل    فاب د ت )ثةلس  .2

×3.3 دنددددددد   فسعت
3
10 (CFU/g)   حسدددددددا كددددددد     عددددددد   د   385ن  فق رندددددددت ن  فع ق دددددددت

3.5×
3
10(CFU/g)   د دد  كدد   زقدد   لانل دد    .  فسعتديددث قسجدد  هتثددز 2450مسدد  ثددتدد

 ا نست   فع ق ت   فاب د ت الط قت   م     اتثسب.  38.90 د 39.23  ع ت   ع    فسعتدن 

 ثبس  أ    عل ت نس    ع    فسعتدن  د  زق  ه  مل ت شبت   غ ريافست خ ست م     ص رة: .3

                       Log N = -A t +B 

 ست ثبع   فةا ى      ت  د   فع ق ت.( ا  نت  ثاغB( د )Aحسا كر ق  )

  


