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INTRODUCTION

Food borne diseases (FBDs) are leading causes of
illness and death in less developed countries killing
approximately 7.2 million people annually, 1.9 million
of whom are children (MPHS (K), 2011). WHO has
estimated that each year 2.2 million people, including
1.9 million children, die because of diarrheal diseases
(Vandepitte et al., 2003; DeWaal et al., 2009). Two to
Four billion episodes of infectious diarrhoea have been
estimated to occur annually in developing countries,
resulting in 3 to 5 million deaths (Olaniran et al., 2011).
FBDs have been with us for centuries, however since
1977, new or newly characterized food borne
pathogens have been recognized at a rate of
approximately one every two years (Tauxe et al.,
2002). Therefore, the number of FBDs has increased
globally, especially in developing countries where food
safety interventions and sanitary control measures are
not adequately implemented. FBDs remain responsible
for high levels of morbidity and mortality in the general
population but particularly for certain risk-groups such
as infants, the elderly and the immune-suppressed
(Manson-Bahr et al., 1987; Mehata and Duan, 2011;
Lampel et al., 2012). Microwave heating is known to
inactivate many micro-organisms; for instance,
Escherichia coli, Streptococcus faecalis,
Staphyloccocus aureus, Bacillus subtilis spores,
Salmonella sp., Lactobacillus plantarum, Listeria spp.,
Saccharomyces cerevisiae and Clostridium
perfringens (Gedikli et al., 2008). These effects of MW
radiation on bacteria have been studied and debated
for more than half a century (Shamis et al., 2011) with
most of these studies exposing micro-organisms to
MW radiation in liquid suspensions and observing the
effects. However, Jeng ef al, 1987 disputed this
method of analysis by pointing out that a liquid
suspension containing micro -organisms is not an
efficient system for the purpose of studies because of
its reduction of the local electric field strength. This
paper reports observations made based on whether
the changes that occur on bacteria due to exposure to
microwave radiation have any significant effect on their
growth and multiplication, infective doses as well as
their susceptibility to commonly prescribed antibiotics
thus having an impact in the control and prevention of
FBD outbreaks. The study was intended to measure
the exact effect size of microwave radiation on the
overall burden of FBDs thus validating the machines’
contribution towards food safety.

MATERIALS AND METHODS
Study design and period

The Pretest-posttest study design was applied where
the mean counts of bacterial colonies formed in food
before exposure to microwave radiation were
compared to the mean counts after exposure to
microwave radiation. In addition, antibiotic

susceptibility testing was performed on organisms
before and after exposure to microwave radiation.

Study area

The study was conducted in an accredited laboratory
located in the Microbiology department of Xi'an
Jiaotong University, Xi’an, Shaanxi district, People’s
Republic of China.

Test Organisms and their Maintenance

Staphylococcus aureus ATCC 25922, Escherichia coli
ATCC 25923, Salmonella enterica subsp. Paratyphi
CMCC 50319 (Similar to ATCC 19430) and Shigella
flexneri CMCC 51285 (Similar to ATCC 29903) were
used as test organisms. Each reference culture was
checked thoroughly upon receipt. Gram stain and
biochemical testing was performed to confirm bacteria
identities. Pure cultures were stored at -80°C in
nutrient broth supplemented with 20% (v/v) of glycerol.
The bacteria were routinely cultivated for 24 hours on
nutrient agar. Working bacterial suspensions were
freshly prepared for each independent experiment.
Medium and incubation conditions were used as
specified in the catalogue when first reviving strains to
ensure optimal conditions for recovery. Drops of
bacteria suspension were also transferred to an agar
slant. Cultures were sub-cultured twice prior to testing
each week.

Data collection and processing

The food samples (n=73) included cooked beef, milk,
chicken, eggs, gravies and sauces, mashed-potatoes,
fish and cooked vegetables. These particular foods
were selected because they are very popular foods
plus they are sensitive foods that can easily get
spoiled due to their high protein and water content.
They are therefore classified as high risk foods
(Kitagwa et al., 2005: Bekker, 2003: Kenya Food,
Drugs and Chemical Substances Act, CAP 254, 1992).
All samples were transferred to the laboratory within 1-
2 h at 4°C in insulated boxes and stored at 4°C until
use within 24 h after purchase.

Samples were autoclaved in order to ensure
complete destruction of pre-existing pathogens at
121°C for 15 minutes. They were then inoculated with
the specific bacteria in doses capable of causing
infection (this was determined through comparison
with 0.5 McFarland standard). Exposure to microwave
radiation was then done at different power levels and
time periods after which there was direct culturing of
contaminated food samples into enrichment broths.
The samples were incubated at 37°C for 24 hours.
Thereafter, 100ul of the enrichment media was sub-
cultured into agar media using spread plate technique
for making total colony counts. The required physical
and biochemical tests were performed for isolation,
identification and analysis of antibiotic resistance
characteristics.
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Statistical Analysis

The Paired samples t-test was then used and its non-
parametric alternative Wilcoxon Signed Ranks test to
the general sample statistics to address the question
whether the average colony forming units for the two

RESULTS

groups differ (exposed and unexposed). Relationship
analysis between the two groups was done by
constructing a scatter plot and calculating the number
of correlation coefficients. Statistical analysis was done
using SPSS V13.0.

Table I: Table showing effect of microwave radiation on specific food-micro organism
combinations in terms of mean colony forming units before exposure (Mean CFUB) and
mean colony forming units after exposure (Mean CFUA)

FOOD SAMPLE BACTERIA MEAN CFUB MEAN CFUA
Beef E. coli >3.0 x 104 >3.0 x 104
Beef S. paratyphi >3.0 x 104 >3.0 x 104
Fish S. flexneri >3.0 x 104 1.1235 x 104
Vegetables S. paratyphi >3.0 x 104 2.0917 x 104
Gravy S. paratyphi >3.0 x 104 1.3344 x 104
Vegetables S. flexneri >3.0 x 104 4.412 x 108
Beef E. coli >3.0 x 104 >3.0 x 104
Chicken E. coli >3.0 x 104 >3.0 x 104
Eggs S. paratyphi >3.0 x 104 7.444 x 103
Fish S. paratyphi >3.0 x 104 1.2547 x 10*
Gravy S. paratyphi >3.0 x 104 7.444 x 10°
Beef S. aureus >3.0 x 104 4.414 x 103
Chicken S. paratyphi >3.0 x 104 6.118 x 10°
Eggs E. coli >3.0 x 104 8.250 x 108
Fish E. coli >3.0 x 104 5.265 x 103
Vegetables E. coli >3.0 x 104 4.412 x 108
Milk S. paratyphi >3.0 x 104 1.735 x 10*
Milk E. coli >3.0 x 104 2.6822 x 104
Milk S. aureus >3.0 x 104 1.5872 x 104
Potato S. aureus >3.0 x 104 1.1776 x 104

Among all the infected food samples processed in this
study, the least affected by microwave radiation at
different power-time combinations were: beef
inoculated with Escherichia coli, beef infected with
Salmonella Paratyphi and chicken infected with
Escherichia coli. The most affected were vegetables
infected with Shigella flexneri, vegetables infected with
Escherichia coli and beef infected with Staphylococcus
aureus. All food samples did not produce an
observable effect after exposure to microwave
radiation for 2 minutes at power 20. The initial
populations of viable Shigella flexneri microorganisms
in fish sample (mean CFU counts for all samples
before radiation was >300) decreased by a 1.5 log unit
at power 40 for 4, 6 and 8 minutes, at power 60 for 4, 6
and 8 minutes and at power 80 for all time-periods.
The mean CFU count after exposure to microwave
radiation was 112.35 (Table 1). The organoleptic
properties for this sample were not affected by
exposure to microwave radiation. The initial
populations of viable Salmonella  Paratyphi
microorganisms in vegetables sample decreased by
1.5 log unit as well at power 20 for 8 minutes, power
40 for 8 minutes and at power 80 for 4,6 and 8
minutes. Although the effect was much less than most
of the other samples, after running the paired samples
t-test statistic a P value of <0.05 was generated which

still indicated significance. The mean CFU counts after
exposure to microwave radiation was 209.17. The
organoleptic properties for this sample were also not
affected by exposure to microwave radiation. The
initial populations of viable Salmonella Paratyphi
microorganisms in gravy sample decreased by a 1.5
log unit at power 20 for 4, 6 and 8 minutes. The mean
CFU counts after exposure to microwave radiation was
133.44. However, the organoleptic properties for this
sample were affected by exposure to microwave
radiation at the following time-power combinations:
2.60, 4.60, 8.60, 2.80, 4.80, 6.80 and 8.80. The initial
populations of viable Shigella flexneri microorganisms
in vegetable sample also decreased by a 1.5 log unit
at power 20 for 4 minutes as well as power 40, power
60 and power 80 for all time-periods. The mean CFU
counts after exposure to microwave radiation was
44.12. There was no observable effect on this
sample’s organoleptic properties after exposure. The
initial populations of viable Salmonella Paratyphi
microorganisms in beef sample were not decreased at
any time-power combinations. The mean CFU counts
after exposure to microwave radiation remained at 300
and the paired samples t-test statistic could not be run
because the standard error of the difference was 0.
The organoleptic properties for this sample were also
not affected by exposure to radiation. This was also
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the case for beef and chicken samples inoculated with
Escherichia coli. However, organoleptic properties for
chicken sample were affected by exposure at power
80 for 8 minutes. The initial populations of viable
Salmonella Paratyphi microorganisms in eggs, gravy
and milk samples decreased by a 1.5 log unit at all
time-power combinations except for 2 minutes at
power 20. Their mean CFU counts after exposure to
microwave radiation were 74.44 for both eggs and
gravy and 173.50 for milk. The organoleptic properties
for this sample were affected by exposure to
microwave radiation at the following time-power
combinations: 2.60, 4.60, 8.60, 2.80, 4.80, 6.80 and
8.80.This was the same case for eggs and milk
samples inoculated with Escherichia coli and milk
sample inoculated with Staphylococcus aureus
whose mean C F U counts were 82.50, 268.22 and
158.72 respectively. The initial populations of viable
Salmonella Paratyphi microorganisms in Fish sample
decreased by a 1.5 log unit at 6 minutes at power 40
all the way to 8 minutes at power 80. The mean CFU
counts after exposure to microwave radiation was
125.47. The organoleptic properties for this sample
were also not affected by exposure to microwave
radiation. For Staphylococcus aureus microorganisms
in Beef sample and Escherichia coli microorganisms in
Vegetable sample, the initial populations decreased by
a 1.5 log unit at all time-power combinations except 2
minutes at power 20. The mean CFU after exposure to
microwave radiation was 44.14 and 44.12 respectively.

The organoleptic properties for these samples were
not affected by exposure to microwave radiation. The
initial populations of viable Salmonella Paratyphi
microorganisms in Chicken sample decreased by a 1.5
log unit at all time-power combinations except 2
minutes and 4 minutes at power 20. The mean CFU
counts after exposure to microwave radiation was
61.18. The organoleptic properties for this sample
were only affected by exposure to microwave radiation
at power 80 for 8 minutes. The initial populations of
viable Escherichia coli microorganisms in Fish sample
decreased by a 1.5 log unit at all time-power
combinations except 2 minutes at power 20 and 6
minutes at power 60. The mean CFU counts after
exposure to microwave radiation was 52.65.The
organoleptic properties for this sample were not
affected by exposure to microwave radiation. Lastly,
the initial populations of viable Staphylococcus aureus
microorganisms in Potato sample was decreased by
1.5 log unit at various time-power combinations.
However, the time-power combinations were not
consistent for the duplicate experiments. The mean
CFU after exposure to microwave radiation was
117.76. The organoleptic properties for this sample
were also not affected by exposure to microwave
radiation. As for the antibiotic susceptibility testing,
there were no observable pattern changes in
resistance or susceptibility of food bacteria before and
after exposure of food to microwave radiation as
shown in Table I1)

Table II: Antibiotic Sensitivity Testing (Ast) Results

GENTAMYCI | CIPROFLOXACI NITROFURANTOI
SAMPLE AMPICILLIN | N N CEFOTAXIME N
CHICKEN (E) Sensitive Sensitive Sensitive Sensitive Sensitive
GRAVY (E) Sensitive Sensitive Sensitive Sensitive Sensitive
MILK (E) Sensitive Sensitive Sensitive Sensitive Sensitive
VEGETABLES(E) | Sensitive Sensitive Sensitive Sensitive Sensitive
BEEF (E) Sensitive Sensitive Sensitive Sensitive Sensitive
EGGS (E) Sensitive Sensitive Sensitive Sensitive Sensitive
FISH(E) Sensitive Sensitive Sensitive Sensitive Sensitive
MILK (S7) Resistant Sensitive Sensitive Resistant n/a
EGGS (S") Resistant Sensitive Sensitive Resistant n/a
GRAVY (S") Resistant Sensitive Sensitive Resistant n/a
VEGETABLES(S!
) Resistant Sensitive Sensitive Resistant n/a
BEEF (S7) Resistant Sensitive Sensitive Resistant n/a
CHICKEN (S1) Resistant Sensitive Sensitive Resistant n/a
FISH (S1) Resistant Sensitive Sensitive Resistant n/a
FISH (S?) Sensitive Sensitive n/a Sensitive Sensitive
VEGETABLES(S?
) Sensitive Sensitive n/a Sensitive Sensitive
VANCOMYCI | ERYTHROMYCI | AZITHROMYCI | NITROFURANTOI
SAMPLE OXACILLIN | N N N N
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BEEF (S®) sensitive sensitive Sensitive Sensitive resistant
MILK (S3) sensitive sensitive Sensitive Sensitive resistant
POTATOES(S?®) sensitive sensitive Sensitive Sensitive resistant

Table highlighting AST Results for Escherichia coli (E), Salmonella enterica (S'), Shigella flexneri (S?) and
Staphylococcus aureus (S®) before and after exposure of Sample to Microwave Radiation

DISCUSSION

Dielectric heating by microwave irradiation is well
known to have an effect on killing both gram positive
and gram negative micro-organisms (Tanaka et al.,
1998; Gedikli et al., 2008; Dababneh, 2013) and the
use of microwaves to reduce the population of micro-
organisms in many different foods such as turkeys,
meats, milk, corn on the cob, chickens, frozen foods
and potatoes has been demonstrated in many studies
(Valeschi et al, 2004; Dumuta-Codre et al,
2010).However, they failed to measure the exact effect
size of these radiations on reducing the infective dose
numbers of bacteria as well as determining their effect
on antimicrobial susceptibility patterns. During this
study, when the artificially infected food samples were
irradiated for 2 minutes at power 20 (295W) the
bacteria survival rate was 100% (bacteria numbers
remained at >3.0 x 10*) whereas when artificially
infected food samples were irradiated for 8 minutes at
power 80 (1180W), the bacteria survival rate was
3.33% (bacteria numbers were very low <1.0 x 109).
This huge difference in reduction of seed numbers at
higher time-power combinations is quite significant
(P<0.05) and strongly indicates that there can be total
destruction of bacteria in food samples and thus 100%
reduction of their infective doses. When time-periods
were kept constant, higher powers were shown to be
very effective at reducing bacterial numbers and when
the radiation power was kept constant, longer time-
periods were shown to be more effective in the
destruction of bacteria. The infected food samples that
were not exposed to radiation served as the control
and they all showed that the bacterial numbers
remained at >3.0 x 10%. This showed that the inocula
of test organisms used to infect food samples before
exposure were sufficient to produce growth under the
conditions used in the experiment and just like Sheen
et al., 2012 if no colonies were observed from a plate,
the bacterial counts in the sample were treated as
<1.0x10° because log 0 is mathematically
meaningless. The highest mean CFU count after
exposure of sample to microwave radiation was
detected in beef sample processed for Escherichia coli
and Salmonella Paratyphi (>3.0 x 10%), whereas the
lowest mean colony forming unit count after exposure
of sample to microwave radiation was detected in
vegetable sample processed for S Shigella flexneri
and Escherichia coli as well as beef sample processed
for Staphylococcus aureus. The above results were
consistent with studies carried out by Gedikli et al.,
2008; Gomolka-Pawlicka et al., 2013 and Sheen et al.,
2012 which showed that exposure of bacteria at higher
powers during microwave radiation resulted in higher
destruction than at lower powers. Sheen et al., 2012

demonstrated that after 1 min with full power,
approximately 1.5 to 2 log-reductions in the bacterial
counts of Salmonella, L. monocytogenes and E. coli
0O157:H7 were achieved. Microwave power is a factor
greatly influencing the rate of microwave heating. If a
high value of power is applied, a high rate of
temperature elevation in the heated body can be
expected (Housova and Hoke, 2002). Therefore, the
conceivable reason as to why the bacteria survived
better at lower time-power combinations would be that
not enough heat was generated during radiation
whereas when it came to higher time-period
combinations there was sufficient heat generated that
may have been lethal to the micro-organisms. Other
factors that could have affected the outcome after
exposure to MWs may have been power fluctuation,
probe location, varying dielectric properties in each
food tested, sample placement within the microwave
cavity, probe error or product density, ionic nature and
thermal conductivity (Heddleson et al., 1994;
Gunasekaran et al., 2005; Dumuta-Codre et al., 2010).
Another factor may be presence of an uneven electric
field distribution inside the microwave cavity (Shamis
et al, 2011). The cavity in a domestic microwave oven
is designed to have typically 3-6 different modes
intended to provide a uniform heating pattern for
general food items (Lidstrom, 2001). Heating
uniformity has been a controversial topic when it
comes to microwave radiation with some studies
suggesting a non-uniform temperature distribution
resulting in hot and cold spots in the heated product
(Vadivambal and Jayas, 2008) and others suggesting
that the temperature uniformity obtained by microwave
heating is more than that of conventional heating
(Valeschi et al., 2004). We ensured heating uniformity
in the study by placing samples in the exact same
position inside the microwave during radiation
treatment. The results were also consistent with a
study by Dababneh, 2013; Morey et al, 2012 and
Sheen et al, 2012 which showed that MW radiation
produced a 7-2 log reduction when infected samples
were processed. In the study by Park et al., 2000 it
was indicated that there was a 5-log reduction of viable
cells of Escherichia coli and Bacillus subtilis after
exposure to microwave radiation. It is assumed that
this huge difference between our studies is due to the
fact that Park et al., utilized saline suspensions of test
organisms while in this study infected food samples
were utilized. Therefore, there was a difference in the
local electric field strength (Jeng et al., 1987). These
results may be assumed to apply to other food
pathogens that were not included in the study for
example Listeria monocytogens, Vibrio cholera,
Clostridium  botulinum,  Clostridium  perfringens,
Bacillus cereus, Brucella abortus, Brucella suis,
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Streptococcus pyogens, Yersinia enterocolytica, et
cetera. From the statistical analytic procedures carried
out on the data obtained, it was observed that the
average exact effect size (Cohen’s d) of reduction of
food pathogens by microwave radiation was r = 2.82.
This is a large effect size and therefore indicates a
great practical significance (Cohen, 1988; Thalheimer
and Cook, 2002). The specific effect sizes for each
sample processed is highlighted in the last column of
table 1.11 where beef infected with Staphylococcus
aureus and vegetables infected with Shigella flexneri
show the largest effect size and beef infected with
Escherichia coli and Salmonella Paratyphi as well as
chicken infected with Escherichia coli show the
smallest effect sizes. Higher effect size indicates a
higher magnitude of treatment effect. Thus concurs
with Rodr’lguez-Marval et al., 2009 in suggesting that
when reheating, instructions are being formulated for
microwave radiation of food, these instructions must
be designed specifically for each type of food
product and consider variations in microwave
appliance maximum output power, amount of food to
be reheated, age of the product and the presence of
antimicrobial compounds in the formulation.

Effect of Microwave Radiation on Infective Doses

By using the Mcfarland standard to standardize the
initial number of bacteria seeded into the food
samples, it is assumed that the initial seed range was
1-2 x 108 CFU /MI (CLSI, 2006). This was in excess of
the known infective doses of each specific bacteria
included in the study (Staphylococcus aureus ATCC
25922 Infective Dose = >10* CFU/mL, Escherichia coli
ATCC 25923 Infective Dose = >102 CFU/mL,
Salmonella enterica CMCC 50319 Infective Dose = 10'
- should not be detected in 25g and Shigella flexneri
CMCC 51285 Infective Dose = <500 - should not be
detected in 25g (Roberts and Greenwood, 2003; Greig
et al., 2010). Reduction of each of the specific bacterial
infective doses by 97.67% would theoretically result in
the following numbers (E. coli < = 0.333 x 107, S.
flexneri < = 1.665 x 10", S. aureus < = 3.33 x 102, S.
enterica < = 3.33 x 10'"). These numbers are lower
than their infective doses and are therefore unlikely to
cause food borne disease.

Effects of Microwave Radiation on Organoleptic
Properties of Foods

Changes in food such as colour, texture and any other
physical properties were evaluated subjectively.
Evaluations were carried out before and after
treatment. As highlighted by Morey et al., 2012 in their
study, exposure of food samples to microwave
radiation at longer periods of time leads to reduction of
microbial populations at significant levels (p<0.05) but
also leads to the product quality being severely
compromised. This unwanted effect of MW radiation
was also highlighted by Sheen et al., 2012 who stated
that MW heating induces texture damage, poor yield
due to loss of moisture and poor appearance. It was
also seen in our study that treatment at higher power

and longer periods of time also resulted in alterations
in the organoleptic properties of the samples thus
rendering them inedible and therefore the affected
samples were disqualified from the experiment.
Samples such as eggs, milk and gravy were the most
affected by changes in organoleptic properties. They
could not withstand exposure at both power 60 (885W)
and power 80 (1180W) at any time-period. In all foods
(especially those with little moisture), moderate power
and time combinations would appear to be required to
reduce populations of contaminating micro-organisms
while avoiding the undesirable alterations in
organoleptic properties.

Effect of Microwave Radiation on Viability, Growth
and Multiplication Ability of Bacteria

Enrichment media was used to favour the proliferation
of the bacteria in food through a selective repression
or inhibition of the growth of competing micro-organism
thus we were able to note that the surviving colonies
had viability, growth and multiplication abilities.

Effect of Microwave Radiation on Antimicrobial
Susceptibility

Antimicrobial resistance has been a major challenge in
the management of FBDs (Nyenje and Ndip, 2013).
Studies have also shown that antimicrobial drugs are
not the only selective pressure that results in
emergence of resistant organisms (Chao et al., 2007);
this is why this study included assays to determine if
exposure to microwave radiation had any effect on the
antimicrobial susceptibility patterns of the test micro-
organisms. There were no observable differences
between antibiotic susceptibility patterns before and
after exposure of infected food samples to microwave
radiation (Table Il). The results were similar at the 95%
Confidence Interval. However, Al-Mayah and Ali, 2010
demonstrated that exposure of Staphylococcus aureus
to mobile microwave radiation for long periods of time
affected their antimicrobial susceptibility patterns
tremendously. All strains showed more antibiotic
resistance development after long period of exposure
which they speculated may have occurred due to slight
changes in the DNA structure of the micro organism.
Japoni et al, 2010 proposed that to preserve the
effectiveness of antibiotics, rational prescription and
concomitant application of preventive measures such
as these against the spread of bacteria are
recommended.

The destruction mechanisms of microwaves
required in a system to effect microbial cells has been
proved to be due to heat generated in a medium; in a
solution and/ or a solid substrate. But it is not until
recently, it was thought otherwise that microwaves
themselves have a direct destructive effect on the
microbial cells with contribution from the substrate heat
generated (Barnabas et al, 2011). In addition to
reducing the living cell numbers of bacteria, microwave
radiation has also been shown to lower acid resistance
and verocytotoxin productivity of enterohaemorrhagic
E. coli 0157: H7(Tsuji and Yokoigawa, 2011). The
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decrease in the verocytotoxin productivity suggests
that the bacteria that may have survived exposure to
microwave radiation may not be as virulent /
pathogenic as the unexposed bacteria. Microwave
radiation has also been shown to have a significant
reduction effect on fungal micro-organisms (Gorny et
al., 2007; Senna et al., 2012) and complete inhibition
of aflatoxin production in Aspergillus flavus (Dholiya et
al., 2012).

CONCLUSION

As indicated by numerous studies, the possibility of
survival of various pathogens in food products
subjected to microwave heating exists; therefore,
undertaking studies concerning the widely understood
influence of microwaves on  micro-organisms
(particularly the bacteria - the presence of which in
food has direct influence on food safety) seems fully
justified. From the results observed, it can be
concluded that the least effective time-period when it
comes to killing food pathogens in food samples is 2
minutes and the least effective power is P-20 (295W).
Whereas, the most effective time-period when it comes
to killing food pathogens in food samples is 8 minutes
and the most effective power is 80 (1180W —full
power). However, the latter power-time combination is
detrimental to the organoleptic properties of most
foods thus making them inedible. The reduction of
bacteria infective doses is dependent on the power-
time combinations with longer time periods and
exposure to higher powers being more effective.
However, it seems likely combining moderate powers
(P-40 — 590W, P-60 — 885W) with moderate time (4
min, 6 min) is effective in decreasing the number of
micro-organisms while also avoiding unwanted effects
on organoleptic properties of the foods.

These findings indicate that exposure of foods
to higher time-power combinations in a domestic
microwave oven (2450 MHz) plays a role in reducing
the spread of food borne diseases especially in those
that are immune-compromised. However, the same
radiation does not play any role in the
increase/decrease of bacterial antibiotic susceptibility.
Another concern is that colonies that survive exposure
to microwave radiation seem to maintain their ability to
grow, multiply and remain viable. The major
parameters included in this study were infective doses,
time, power, food palatability and antibiotic
susceptibility. This ensured that the results were more
conclusive. It is not guaranteed that the recommended
microwaving power-time combinations in this study will
always be effective in eliminating all the pathogenic
bacteria in food. We believe its efficacy will depend
upon factors such as product type and the level of
bacterial contamination.
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