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Abstract 

Since microwave heating is a relatively new food processing procedure in this research we investigated its 

impact on the morphological integrity and viability of spontaneous microflora in raw milk. Impact 

assessment of the microwave treatment was carried out by the bacterioscopic analysis of the smears made 

with milk collected in the 6 different experiment stages, obtained by Gram staining method and examined 

by immersion. 

Bacterioscopic study demonstrates that microwave exposure interval of 15-30 s is the best way to inactivate 

microorganisms in the vegetative form existing at a given moment in milk. 
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1. Introduction 

Microwaves are high frequency electromagnetic 

radiations, characterized by a frequency band 

between 300 MHz and 300 GHz. Electromagnetic 

radiation or electromagnetic waves are physical 

phenomena, generally natural, which imply the 

existence in the same space of an electric field and a 

magnetic field, which generates one another as they 

propagate [1,2]. 

Microwave ancestor is the radar, which was 

developed during the Second World War in order to 

obtain a better resolution of the reflected image. 
Shortly after the war, the warming potential of food 

using heat generated by a radar antenna was 

discovered. Free and bound electric charges of a 

food move under the influence of the microwave 

electric field and therefore the electric energy of the 

wave is converted in a multitude of low and 

disordered kinetic energies which generate heat [3]. 

There are many studies reporting about milk 

pasteurization and sterilization using microwave 

technique [4-11]. Microwaves action on a large 

number of foods (meat, milk, vegetables, frozen 

products) proved to be a preserving one by reducing 

the microorganisms’ active cells [12-15]. 

 

2. Materials and Method 

The milk subjected to the analysis was purchased 
from the food market. 10 samples of 250 ml milk 

were exposed in unclosed vessels to the microwaves 

action for each of the following 6 different periods 
of time: t0 – milk samples not treated with 

microwaves, t15 – milk samples treated for 15 

seconds with microwaves, t30 – milk samples 

treated for 30 seconds with microwaves, t45 – milk 

samples treated for 45 seconds with microwaves, 

t60 – milk samples treated for 60 seconds with 

microwaves and t120 – milk samples treated for 120 
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seconds with microwaves. Microwave heating was 

carried out using a Hansa AMM 21 E80GH (Hansa, 
Germany) microwave oven at electrical power of 

800 W. 

The bacterioscopic analysis of the microorganisms 
present in raw milk subjected to the microwave 

treatment was performed by the Gram Method, 

using 60 patterns of 250 ml each. This is a 

technique for examining morphological and dyeing 

characters of the microorganisms by dual staining. 

Staining result is interpreted as follows: if bacteria 
appear of blue-purple color they are Gram + and if 

they appear reddish they are Gram [16]. 

 

 

3. Results and Discussion 

The bacterioscopic analysis established that the milk 
samples not subjected to the microwave treatment 

showed an intense contamination with polymorphic 

microflora dominated by streptococci and lactic 
bacilli, but composed also by many 

enterobacteriaceae bacteria and staphylococci as 

one can the seen in Figure 1. 

In this figure there can be observed viable 

microorganisms in an active process of cell 

multiplication and each are well individualized in 
the biofilm consisting of coagulated protein. 

 

 
 

Figure 1. Raw milk intensely contaminated with lactic microflora and pollution microflora 

 

 

Treatment of milk in the microwave oven for 15 s 

produces a clear agglutination of the bacteria 

together with the morphology alteration, as shown 

in Figure 2. Staphylococci still retains the layout 

feature, but the bacteria body lyses and merges into 
compact and homogeneous protein dough. 

Processing of milk for 30 s causes a more profound 

alteration of the microorganisms’ morphology, as 
can be seen in Figure 3. Morphological degradation 

is exacerbated by the obvious retraction of the 

bacteria groups as a consequence of cytolysis and 

coagulation process. 

Milk treatment for 45 and 60 s produces the 

destruction of all the bacteria and the transformation 

into a degraded protein mass in which the 
morphology of the bacteria is completely altered, as 

in Figures 4 and 5. Simultaneously to the processes 

of cytolysis, coagulation and agglutination, the milk 
protein component coagulates forming a microfilm 

encompassing the microbial protein. 
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Figure 2. Microbiological contaminated milk with staphylococcus germs after 15 s of microwave treatment 

 

 

 
 

Figure 3. Microbiological contaminated milk after 30 s of microwave treatment 

 

 

Heat treatment of milk for 120 s causes profound 
alterations in the contamination microflora of the 

milk and in its protein component, which can be 

seen in Figure 6. Processing time of 120 s shows a 

complete and generalized coagulation of all 
components of the milk protein, accompanied by the 

degradation to its carbonization. 
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Figure 4. Microbiological contaminated milk after 45 s of microwave treatment 

 

 

 

 

 
 

 
Figure 5. Bacteriological contaminated milk after 60 s of microwave treatment 
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Figure 6. Raw milk intensely microbiological contaminated after 120 s of microwave treatment 

 

 

The reduction of the microorganisms’ number by 

the microwave action can be explained by the fact 

that due to the absorption of the microwave emitted 

energy the products temperature is growing rapidly, 

deactivating microorganisms and determining self 

pasteurization or sterilization. In this regard, there 
was shown that the thermal effect is essential in 

destroying microorganisms [17-19]. This seems to 

be due to the same mechanisms that act with other 
biophysical processes too, resulting from heat 

denaturizing of proteins, nucleic acids and other 

vital components and also from the membrane 

destruction [20,21]. 

In other studies, the destruction of microorganisms 

was attributed to nontermale effects due to the need 

to achieve a lower final temperature for this 

destruction. In this case there were used four 

prevailing theories: selective heating, 
electrophoresis, breaking the cell membrane and 

coupling field to explain the microorganisms’ 

inactivation by microwaves action [22]. 

Although there is a controversy regarding 

microorganisms’ death induced by microwave, there 

is no doubt about the destructive effect that this 

technique has on them. 

 

4. Conclusion 

The raw milk obtaining regardless of the hygienic 

measures applied do not eliminate the increased 

biohazard potential. Regardless of the degree of the 

bacterial contamination of the raw milk, microwave 

treatment produces morphological degradation and 
viability alteration of all existing vegetative forms 

in the product at a time. The optimum treatment 

interval proved to be between 15 and 30 s, in which 
the integrity and viability of bacteria is canceled but 

milk components have not yet been altered. 

Treatment of milk for longer periods of 45, 60 and 

120 s train organoleptic and compositional changes 

that may compromise milk as food. Microwave 

treatment for 15, maximum 30 s of a glass of milk 

can be an effective means of managing biological 

hazards and of risk prevention consecutive the 

potential bacteriological contamination of the raw 
milk. 
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