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The heat production of microwaves is mainly due
to dipole excitation and ion migration. Friction energy
is produced as a result of the orientation of the dipoles
in the alternating electromagnetic field. The power
absorption depends on various factors, e.g.: frequency
of waves, temperature of processed sample, the mag-
nitude of electric field in tissue, density or presence of
dielectric components in examined liquids and tissues.
Microwave is an efficient means to heat, dry and steri-
lize most of food products. Compared with conven-
tional methods, microwave processing offers econo-
mic and significant amount of processing time and
energy. Because of rapid heat transfer, nutrients,
vitamins, taste, aroma and color of food contents are
better preserved (2). Many examples of microwave
applications in food technology have been reported in
the literature, although these techniques have not been
yet performed in food industry in all cases, e.g.:
drying and freeze drying (production of pasta, fruit
powder, vegetable concentrates and extracts, instant
tee, coffee and dyes, final drying of potato chips also
drying of mushrooms, fish protein, egg yolk paste,
herbs) or baking of bread, pizza and cake, where
microwaves heating is often combined with conven-

tional process (13). This kind of processing kills corn
pests, bacteria and limits fungal infections with con-
fined thermal degradation of sensitive food compo-
nents. Results are also observable on the destruction
of aflatoxins in peanuts and trichinae in treated meat.
Several theories had been proposed to explain micro-
bial inactivation by microwave. One of them assumes,
that the temperature level is the most important factor
responsible for the lethal effects assuring irreversible
heat-denaturation of enzymes, proteins and nucleic
acids or other cellular constituents vital to cell meta-
bolism or reproduction (8). This may be concluded
from the results of some experiments with very dry
agents, e.g.: bacterial spores (10) or vegetative cells
and spores in dry soil (15), when no microbial reduc-
tion was observed without heating. In contrast to these
observations, some authors obtained results confirming
the concept of athermal effects, when the death of some
microorganisms was noticed (Escherichia coli, Staphy-
lococcus aureus, Salmonella typhimurium or Bacillus
stearothermophilus spores) (6, 16). Khalil and Villota
(9) observed that 23 S ribonucleic acid (RNA) sub-
units of Staphylococcus aureus were damaged only
in microwave-treated suspensions, compared to heat
treatments. Other researches noticed in microbial cells
some differences in enzymatic activity in a manner un-
like, that observed in cells heated (4) and in the rate of
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phosphoanhydride bond hydrolysis in RNA (14). These
differences were also cited as evidence for athermal
effect. The mechanism of microwave effect has not
known yet. The aim of the work was to evaluate the
optimal conditions to produce a significant reduction
in bacteria population using concentrated microwave
field.

Material and methods
A new experimental CMF reactor, built and produced

by Plazmatronika firm (Poland), mm is appropriated to lead
organic synthesis, organic substances� selective prepara-
tions and sterilize various liquid food products. The test
apparatus consists an oven magnetron, a treatment cham-
ber with monomode adapter, a cooling device type RPC
(reduced pressure cooler), temperature measurement devi-
ces and the computer to control operations. In experiment,
CMF process involved the application of microwaves col-
lected in various amount of packets contain various num-
ber of pulses, separated by well matched periods in range
of parameters. Possibility of operations was expanded over
amount of packets (1-10), amount of pulses in one packet
(1-10), periods between packets (1-99 s), width of each
impulse (1-9 × 10 ms), periods between pulses (1-99 × 100
ms) for samples of liquid white and physiological solution
placed in stationary cell of treatment chamber�s monomode
adapter. The number of applied impulses and their packets
were be regulated according to the need. Selected exam-
ples, grouped in A, B, C variants are presented in tab. 1.

Strains of Escherichia coli, Acinetobacter lwoffii, Citro-
bacter freundii, Serratia liquefaciens, Pseudomonas aeru-
ginosa, Staphylococcus gallinarum, Staphylococ-
cus xylosus and Oligella sp. were isolated from the
surface of egg shells (laying hens line of Tetra SL)
and identified using biochemical tests (ID 32 GN,
ID 32 E, ID 32 STAPH, Merck) and computer ana-
lysis (ATB System, Merck). They were compared
with ATCC strains of Escherichia coli 25922,
Staphylococcus aureus 25923 and Pseudomonas
aeruginosa 27853. The research with concentra-
ted microwave field was conducted in two diffe-
rent diluting agents: phosphate-buffered 0.85%
NaCl solution (1) and liquid egg white. Standar-
dized inoculums were prepared by making a cul-
ture in nutritive broth (of colonies from 18-24 h
culture grown on nutrient agar), collected by
centrifugation and resuspended in NaCl solution
(Sigma: 20 min./4000 r.p.m./temp. 4°C). After three
washes using the same procedure, a suspension was

diluted to obtain approximately 106 cfu/ml in samples with
physiological solution and liquid egg white. The concen-
tration of bacteria was recorded and adjusted with spectro-
meter at 560 nm, using 0.85% NaCl solution as a blank.
The cell suspensions were treated by CMF and compared
to cultures, which were not processed but were keeping at
the same temperature, for the same time as each of the
treated test samples. The inhibition growth by CMF was
tested following the agar dilution procedure of the Natio-
nal Committee for Clinical Laboratory Standards (NCCLS:
Approved Standard M 31-A, 1999) and the direct colony
suspension method for using nutrient agar, fit for species
of microorganisms. The plates were incubated at 37°C
incubator and read after 24 h. In the absence of growth the
sample was considered to indicate resistance to the CMF
used.

Egg white, obtained from laying hens line of Tetra SL,
was separated from yolk and shells and homogenized in
Mixer B-400 (Büchi) with aseptic conditions retained. The
functional properties of pasteurized liquid hen egg white:
whipping ability (DV

f
), foam stability (S

f
), foam index (I

f
)

and percentage of gas in foam (G), were investigated to
check the condition and structure-function relationships of
white proteins treated with CMF with maintain process
conditions, the same as for bacteria cells suspended in
0.85% physiological solution treated. To avoid the problem
with gel-structure of egg white from new-laid eggs, all eggs
were stored at 20°C for 21 days before test.

Results and discussion
About 100 samples were examined. Each sample

placed in 20 ml cell, was controlled to note all tempe-
rature changes using thermocouple sensor. Selected
examples, grouped in A, B, C variants, had constant
value of packets� amount (10), width of each impulse
(9 × 10 ms) and period between pulses (1 × 100 ms).
The results of bacteria strains� reduction ratio (log cycle
reduction �D�), depending on amount of microwaves
in each packet and periods between packets applied
are shown in figures 1-4. CMF treatment was conduc-
ted at ambient temperature. Initial temperature of sam-
ples was not higher than 10°C. In time of processing it
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Tab. 1. Selected examples, grouped in A, B, C variants

Fig. 1. Inactivation of Escherichia coli strains by CMF



Medycyna Wet. 2007, 63 (4) 423

increased and amount to 44°C/12 s of treatment time
for A, 38°C/67 s for B and 39°C/12 s for C variant.
The initial amount of microorganisms was within the
range of 105 cells/cm3, except Pseudomonas aerugi-

nosa strains, when the concentration of cells was
higher (106/cm3). The process was effective in killing
microorganisms, however, to achieve more than a 1-log
cycle reduction, variant�s A parameters were needed,

depending on the bacteria. Except ATCC
strains, the most significant reduction was
noted in population of Acinetobacter lwoffii
and Oligella sp. (about 2D). At the end of the
process, the number of cells of Pseudomonas
aeruginosa F, Staphylococcus xylosus, Staphy-
lococcus gallinarum, Escherichia coli (02)
was reduced in population by 1 log cycle. Less
pulses (7) applied in packets could reduced
population to 1 D (Staphylococcus xylosus,
Staphylococcus gallinarum, Staphylococcus
aureus ATCC, Escherichia coli (01), Escheri-
chia coli (02) and Serratia liquefaciens). The
most susceptible were both: Acinetobacter
lwoffii and Pseudomonas aeruginosa F �
variant C reduced bacteria below 3 D. A kind
of diluent (physiological solution, egg white)
considered for one of treated strains Escheri-
chia coli (02) was not important for sensibili-
ty of bacteria. An effect of CMF on bacteria
was comparable. However temperature of
samples treated by CMF was not higher than
44°C depending on selected parameters,
inconsiderable protein coagulation was noted
in variances of liquid egg white when 10
packets of 10 pulses each one, separated 1 s
period were applied. Evaluation of whipping
properties of pasteurized white and results of
the research are shown in tab. 2. Increase of
foam volume was more efficient in samples
treated by CMF when variant�s A parameters
were used compared to samples, which were
not processed. The percentage of foam volu-
me�s increase for sample treated with 10 pul-
ses classified in 10 packets was comparable
to control. Also microwaves generated in
variant C were even more suitable for quality
of egg white. Because condition of white foam
corresponds to the energy delivered by each
pulse, stability of foam was satisfactory; only
sample treated by less number of pulses (7 in
each packet) was characterized by greater out-
flow volume. The lower value of foam index
I

f
 was noted for samples treated with micro-

waves of variant C compared to control and
to samples of variant A, which were more
suitable than control one. Pulses applied in
variants A and C were also very advisable
for the percentage of gas in foam compared to
samples, which were not processed.

Although the lethality of CMF treatment
corresponds to the energy delivered by each
pulse, variable regression in the group of
selected variances did not show important

Fig. 2. Inactivation of Pseudomonas aeruginosa strains by CMF

Fig. 3. Inactivation of Staphylococcus aureus ATCC, S. gallinarum and
S. xylosus by CMF

Fig. 4. Inactivation of Serratia liquefaciens, Citrobacter freundii, Acine-
tobacter lwoffii and Oligella sp. by CMF
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interactions between number
of pulses and intensity of
their application. High re-
duction � from 1 to 5 D, to
the initial amount of micro-
organisms was noted in
variant A, when 10 packets
with 10 pulses each one, se-
parated 1 s period were used.
It was a variant advisable for
microbiological and techno-
logical analysis. For ATCC
strains of Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa � these parameters were suf-
ficient to kill all bacteria cells in suspension. Strains
isolated from the surface of eggs� shells were more
resistant to lethality effect of microwave except cells
of Escherichia coli (01) and (02). Longer period be-
tween packets relieved level of reduction. The results
of the research indicate that the texture of foams,
being described by the increase of its volume, stabili-
ty, index and percentage of gas, were comparable with
control one and in variant A were thereby more ad-
visable for functional properties of pasteurized hen egg
white. Increase of foam volume corresponds to the
energy delivered by each pulse. Ovoalbumin, a pre-
dominant protein contributing to the functional pro-
perties of egg white, need some energy to reveal abili-
ty to rapidly adsorb at the air-water interface during
whipping and undergo rapid conformational change
and rearrangement at the interface (3). Improved func-
tionality could be obtained without chemical or enzy-
matic modification. Novel protein structure could in-
crease the usefulness of proteins in food applications
(5, 7). Variant A with white treated by microwaves
was characterized by the supreme stability and index.
Index contained in value of 5-8 indicates rather average
usability for food technology. Lower index of control
and treated with CMF samples of white can be expla-
in away the age of stored eggs. Continued investiga-
ting effect of CMF on quality high heat sensitive food
susceptible to spoil (activity of microorganisms) is
needed in spite of uncomfortable conditions connec-
ted with thermolability of egg products� components
and foaming properties unwanted during CMF pro-
cessing. The presence of bubbles leads to non-uniform
treatment. It can be a reason of slight white�s coagula-
tion at sample although temperature noted after pro-
cess was not higher than 44°C.

Conclusions
Concentrated microwave field as pasteurization at

reduced temperatures, on account of termolabile com-
ponents of food like liquid white, has become a suitable
method for food preservation. Hen egg white proteins
have been extensively utilized as ingredients in food
processing because of their unique functional proper-
ties, e.g. gelling and foaming, and in pharmaceutical
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Tab. 2. Functional properties of hen egg white pasteurized by CMF

industry as factors protecting the body against bacte-
rial, viral or inflammatory diseases. Because of the high
heat sensitivity of egg white proteins, egg products pro-
cessed by traditional heat treatments exhibit operatio-
nal problems due to protein coagulation in heat exchan-
gers and the functional characteristics begin to be da-
maged at temperatures as low as 54°C. The results of
the research indicate that it is possible to find optimal
parameters to save sensitive liquid�s components using
non conventional pasteurization at temperatures not
higher than 44°C.
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