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Effect of Microwaves on Some Gram Negative and Gram Positive Bacteria
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Abstract

In this study, suspension of Escherichia coli ATCC 25922, Bacillus cereus NRRL 3711 and Staphylococcus aureus ATCC
25923 were exposed to microwave. The degrees of inactivation by the various time, initial bacterial cells amount and different

power of microwave were compared systematically. Maximum efficiency of microwave was observed at 60 sec exposure time, 1.0

x 10% initial bacterial cells, and full power (900 W) for E.coli cells. Experimental data shows that microwaves apparently produced

lethal effects on the examined bacteria by heat generated during microwave exposure. Water activity was not changed microwave

efficiency for the each examined bacteria under the determined optimum conditions.
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INTRODUCTION

There have been several publications in recent years which
have mentioned possible lethal effect of microwave on microbial
species especially bacteria [1,3,4]. The microwave bands called
UHF (300 to 3.000 MHz) are used in numerous commercial
devices, including television, microwave communications,
microwave ovens, medical diathermy, radar technology, and an
abundance of special equipment designed for specific uses [1].
Nowadays, also, the use of microwave radiation has become
popular in the industrial applications particularly food and
related industry [2,3]. Despite many studies on microbial damage
by microwave radiation, the mechanism of destruction is not
entirely understood. Several investigators have already observed
the damage of microorganisms subjected to a microwave field
was due to thermal effects [1,4]. Microwave heating is known to
inactivate many microorganisms for instance, Escherichia coli,
Streptococcus faecalis, Staphyloccocus aureus, Bacillus subtilis
spores, Salmonella sp., Lactobacillus plantarum, Listeria spp.,
Saccharomyces cerevisiae and Clostridium perfringens [3-10].
However, some publications have attempted to ascertain if
such radiation has a non thermal effect on microbial burden.
According to Olsen (1965) conidia of Aspergillus niger and
Penicillium sp. were inactivated by non thermal effects of
microwave radiation [11].

This paper reports investigation on the effect of microwave
on the viability of some gram negative and gram positive
bacteria including Escherichia coli, Bacillus cereus and
Staphylococcus aureus. Also, possible nucleic acids released
in supernatant due to microwave effect on the cell wall and
effect of water activity was investigated under the determined
optimum conditions.

MATERIALS AND METHODS

Escherichia coli ATCC 25922, Bacillus cereus NRRL 3711,
Staphylococcus aureus ATCC 25923, were selected as model

microorganisms for determine inactivation effect of microwave
in this study. The pure bacterial strain was incubated at 37 °C
for 24 h in the Nutrient Broth (Merck) at neutral pH. Serial
dilutions were prepared in 9 ml of 0.85 % (w/v) sterile saline
solution and final density was adjusted to MacFarland 0.5. The
experiment was performed in various times, different initial
bacterial concentration and different power (90, 360 and full
power 900) to determine the effect of microwave radiation,
achieving colony counting methods. For the microwave
application, a 2,450 MHz microwave oven (Bosch) was used.
The glass tube containing 10 ml of cell suspension were placed
in the center of the oven and exposed to microwaves. After
the microwave treatment, each tubes containing bacteria were
diluted with sterile saline solution and strirred for suspension
of cells. After serial dilutions, bacteria in the sterile saline
were spread over a standart agar plate (Nutrient Agar, Merck).
The plates were incubated at 37 °C for 24 h and colonies was
counted after incubation period. Also, untreated samples were
used as a control group of the each tested microorganisms.

To determine the effect of the viability of bacterial cells on
the microwave efficiency on the viable cells amounts of bacteria
were prepared using MacFarland from 0.5 to 2 for 60 sec.

In order to determination of the possible nucleic acid in the
supernatant via microwave effect on the cell wall. The amount
of released from the microwave treated cells was measured at
260 nm using a UV-visible spectrophotometer (Jasco V-530).

After the cells were treated by microwave radiation the
shape of cells was examined by microscopic observation for the
screening of microwave damage on cell burden. The bacteria
used in this study were staning with crystal violet (1 min) for
the purpose of microscopic observation. In addition, effect of
water activity (a ) on the microwave damage were carried out
aseptically with a serious tubes containing glycerol among 0,1-
5,0 % for each bacteria. All the experimental study were carried
out aseptic conditions.
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RESULTS

The inactivation patterns of the microwave radiated cells
were investigated using cell suspensions of E. coli, B. cereus
and S. aureus (Fig 1).
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Figure 2 was shown that changes in temperature with
microwave heating processes for the each examined bacteria.
The effects of the initial bacterial cells concentrations on the
microwave efficiency with power of 360 on the viability of
cells were investigated and related results were presented in
Figure 3.
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Figure 1. Change in the viable count of the microwave radiated cells of E. coli, B. cereus and S. aureus.
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Figure 2. Change in the temperature of bacterial cell suspensions relative to microwave exposure time.

The effect of power was investigated in the range of 90, 360
and full power 900 and the results were presented in Figure 4.

Also, Figure 5 was shown thatnucleic acid released into the
cell suspension of each bacterium from microwave-radiated
bacterial cells relative to the time by microwave radiation.
Escherichia coli cells were found to be more sensitive

bacteria to microwave radiation. Therefore, microwave
treated and untreated E. coli cells were monitored with light
microscope (Fig 6). In addition, the water activity ranged
from 0,994 to 0,752 was not changed microwave efficiency
for the each examined bacteria under the determined optimum
conditions.
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Figure 3. Effect of initial bacterial concentration on the microwave damage on viable cells of E.coli, B. cereus and S. aureus.
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Figure 4. Effect of the different microwave power on the viable counts of . coli, B. cereus and S. aureus.
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Figure 5. Nucleic acid released into the cell suspension of each bacterium from microwave-radiated bacterial cells relative to the
time by microwave radiation.
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Figure 6. Optical microscope photograph of untreated (a) and microwave radiated (b) E. coli cells.

DISCUSSION

It has been determined that rapid inactivation of each
examined bacterial cells were observed in the first 60 sec.
After this period no considerable change was observed on the
amount of viable cell and it fixed as the optimum contact time
(Fig 1). The results demonstrate that the maximum destruction
level occurred in a short time. The rapid inactivation process is
a significant parameter for large scale application in industrial
request. Similar fast bacterial inactivation trend (110 sec) by
microwave effect on Staphylococcus aureus cells was reported
in a previous study and this finding was attributed to heat
transfer from the stainless steel substrate and a little direct
energy was observed from the microwaves [12].

The reports by some researchers suggest that microwave
energy absorption by biological materials can be measured by
temperature increase of the sampling material [1, 13]. In order
to evaluate effect of temperature for the reducing quantity of
live cells of bacteria in microwave, temperature changes were
monitored with a thermometer. As can be seen from the Fig.
2 changes in the temperature of bacterial cell suspension was
found relative to microwave exposure time. The viable counts
in each cell suspensions were found to significantly reduce
relative to an increase in the microwave heating temperatures.
Similar results has been also reported by the other researchers
for effect of microwave on E. coli [3, 12].

When the exposure time at 60 sec and 360 power of
microwave were kept constant, initial bacterial cells were
changed from 0.5 to 2 in accordance with MacFarland standarts.
As indicated in Fig. 3, the effect of microwave on the bacterial
cells decreased with increasing of the amount of bacterial
cells as an expected. But, the maximum microwave effect on
the cell viability were observed from E. coli cells at the same
conditions

The experiments were carried out using various power of
microwave under the determined optimum exposure time and
the initial bacterial cell quantity. The maximum effect was
obtained from full power as an expected for the each examined
bacteria. This indicates particular suitability power of 900 for
the reducing viable cells of examined bacteria.

According to Woo et al., 2000, general indication of heat
injure to microorganisms is the leakage of nucleic acid and
protein from the cells. Microwave damaged cells have also been
reported to release purines and pirimidines in a solution [14].
It is well known that, nucleic acids and its related compounds
are absorb UV light at 260 nm. Also, the presence of these
materials and intracellular proteins in a solution indicates
harm to the cell at the membrane level [3]. For that reason, the
existence of nucleic acid released into the cell suspension was
analysed by measuring the absorbance at 260 nm (Fig 5). E.coli
and B. cereus were showed that similar patterns in their release
of nucleic acid. But, S. aureus was presented more resistant to
microwave than others examined bacteria in this respect.

Figure 6 represent the optical microscope images of E.coli
cells taken at 1000 magnification by an light microscope
(Olympus). Figure 6a corresponds to the reference (untreated)
while Fig. 6b corresponds to the microwave treated cells. As can
be seen in Fig 6 there are a difference in the shape of remaining
of the bacteria. The reduce of bacterial burden may explaning of
destruction by microwave irradiation of the cell wall structure.
These images indicates that the microwave treatment reducing
amount of E.coli cells.

In order to find out the effect of water activity on the
microwave efficiency on the viability of bacterial cells various
amount of sterile glycerol added into sterile saline solution
containing bacterial cells. The water activity was measured with
water activity equipment (Aqualab). Water activity was changed
from 0,994 to 0,752. With decrease in the water activity the
effect of microwave on the examined bacteria was not changed
under determined optimum conditions. We think that, water
activity may be is an important parameter for the microwave
using sterilization techniques in food and related industry.
Moreover, Vela and Wu (1979) reported that microorganisms
were inactivated only when in the presence of water and that
dry or lyophilized organisms were not affected by microwave.
Therefore, microwave sterilization is not suitable for dry food.

The results obtained from these experiments, using
continuous power application of 2450 MHz microwaves at
the different power levels, indicated that the microwaves
apparently produced lethal effects on the examined bacteria by
heat generated during microwave exposure.
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