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Abstract: In this study, the possibility of using microwave radiation in the control of stored insects attacking
grains was investigated as an alternative and safe method rather than fumigation with chemical pesticides.
Additionally, the effect of microwave radiation on the chemical composition of tested grains and insect
biochemical aspects were evaluated. The red rust flour beetle, Tribolium castaneum (Herbst), Cowpea beetle,
Callosobruchus maculatus (F.) and wheat weevil, Sitophilus granarius (L.), were exposed to different levels
of microwave power at 20, 40, 60, 80 and 100% for 10, 20, 30,40, 50 and 60 seconds. The mortality percentages
of T. castaneum, S. granarius and C. maculatus adults reached 100 % at power level 40% for 60 sec, 40% for
40 sec and 60% for 50 sec, respectively. Wheat grains, wheat flour and cowpea grains exposed to microwave
radiation at 40% and 80% power levels for 10, 30 and 60 sec exposure times changed the physical and chemical
properties compared to untreated healthy and infested ones. The moisture content, total protein and total
carbohydrates in treated wheat grains, wheat flour and cowpea grains were decreased with increasing both
power level and exposure time, while temperature increased. Treated insects at low power levels 20% and 40%
at exposure time of 10 and 30 sec had different physiological effects on the biochemical aspects of the insects
under study. Total protein content in the treated insects was decreased compared to the control. Total
carbohydrates and total lipids were increased in T. castaeum and S. granarus, while only total carbohydrates
in C. maculates were increased but total lipids decreased. AchE activity of the exposed insects under study
was decreased compared to untreated ones 
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INTRODUCTION Microwave radiation is considered as one of the new

Stored grains consider the most important source of electromagnetic and non-ionizing waves have high
protein, carbohydrates, vitamins, several minerals and potential to penetrate any medium. Microwave
trace elements [1, 2]. Wheat and cowpea are the most technology can be used for disinfestation of pulses and
consumed seeds for both human and the domestic consider a competitive and safe method compared to
animals in Egypt. There are many food industries which pesticide fumigation as it avoids environmental pollution
based on these stored grains. Stored grains attacked by [9]. Anciently, there have been many attempts to use
many pests that cause reduces both quality and quantity microwave radiation for controlling stored pulses insects
[3, 4], this led to renders these grains useless. Losses [10, 11].
caused by pests attacking  stored  pulses  may  reach to Vadivambal et al. [12] evaluated the potential of
10 -50% of the total yield especially in developing microwave radiation to eliminate larval and adult stages of
countries [5, 6]. Control of stored grain pests still relays insects that infested corn, Sitophilus zeamais, Tribolium
on fumigation by chemical pesticides which have hazard castaneum and Polidia interpunctella, complete mortality
effects on the environment and the consumers in addition of S. zeamais and T. castaneum larvae and adults was
to insect resistance [7, 8]. So there is a great need to find obtained at 600 W for14 sec, while complete mortality of
alternative methods to replace these chemical pesticides. P. interpunctella larvae and adults was obtained at 500 W

alternative methods to pesticides. Microwaves are
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for 14 sec. Plarre et al. [13] treated the stored wheat grains Microwave Oven System: Galanze microwave oven model
which were infested by the larvae and adults of Sitophilus
zeamais with microwave radiation at 12, 15, 17.9 and 55
Ghz.  Ikediale  et  al.[14]  used  microwave  radiation  at
915 MHz to determine the mortality of codling moth on
sweet cherries and to determine the quality of sweet
cherries after treatment. Pandirand Guven [15] examined
the effect of microwave radiation on the mortality and
enzyme  activity  of  Ephestia  kaueheniella  larvae.
Zouba et al. [16] exposed dry and soft dates to microwave
radiation to evaluate the effect of microwaves on the
mortality of date moth larvae, Ectomyelois ceratoniae.

The effect of different microwave power levels 200,
400, 600 and 800 W at exposure times 20, 30 and 40
seconds on eggs, larvae, pupae and adults of
Callosobruchus maculatus were studied by Shoughy and
Elzun [17]. Moreover, the effect of exposure to
microwaves on the Cowpea seeds quality and protein
content were estimated [17, 18]. The effects of microwaves
on the rice weevil stages Sitophilus oryzae (L). were
evaluated by Zhao et al. [19] and Jose et al.[20].

The purpose of this study was to evaluate microwave
radiation as an alternative, effective, fast, safe, friendly
technique and replace to fumigation and chemical
pesticides.

MATERIALS AND METHODS

All experiments were carried out at Department of
Economic  Entomology  and Agricultural Zoology,
Faculty of Agriculture, Menoufia University. The insects
used in this study were Red rust flour beetle Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae), Cowpea
beetle Callosobruchus maculatus (F.) (Coleoptera:
Bruchidae) and Wheat weevil, Sitophilus granarius (L.)
(Coleoptera: Curculionidae). 

Preparation of Insect Cultures: Adult insects were
obtained from infested stored products at stores
specialized in selling cereal and stored products at Shebin
Elkon, Menoufia, Egypt. Cultures of insects were
established  and maintained at constant room
temperatures 25 °C ± 2 and 70% ± 5 RH inside glass jars
containing sterile food media and sealed with gauze fixed
with  rubber   band.   T.   castaneum,   C.   maculatus  and
S. granarius were reared on wheat flour, cowpea grains
and wheat grains, respectively. Insects were reared for
many generations before starting the experiments.

D90D25AP-T3 (25L- 220V- 50 Hz- 1400W) were used.

Treatments Elaboration: About 75 g of each stored
product (rearing media represented in wheat grains,
cowpea grains and wheat flour) was put in plastic sacks
5  cm × 19 cm, each containing 30 newly emerged adults
(1-4 day old). Sacks were sealed off and punctured using
a needle for ventilation. All treatments were left for 24 h in
order to ensure random distribution of insects inside
rearing media [21].

Exposures to Microwave Radiation: Insects with its food
media inside sac were exposed to microwave radiation at
different power levels 20, 40, 60, 80 and 100%, at exposure
times 10, 20, 30, 40, 50 and 60 sec for each radiation power.
Each treatment was replicated three times with three
replicates for control treatment (without exposing to
microwave radiation). Prior experiments were done to
determine the most appropriate radiation power level and
exposure time.

Mortality Percentages Determination: After exposure to
microwave radiation, food media with insects were spread
from the sealed sacks on a white board, insects are
considered dead if they don’t response to move when
shaking or stimulating them by brush after 15 min from
exposure. The mortality percentages were calculated.

Determination of Physical and Chemical Properties for
Food Item Media after Being Exposed to Microwave
Radiation: To determine the effect of microwave radiation
on food item properties, 75 g samples of healthy food
media without insects (wheat flour, cowpea grain and
wheat grain) in sealed plastic sacks 5cm  19cm werex

exposed to microwave power radiation at 40% and 80%
with exposure time of 10, 30 and 60 sec for each power
level. Percentages of Nitrogen, total protein and total
carbohydrates were determined according to AOAC [22],
as well as percentages of moisture and temperature were
estimated in treated samples, in addition to healthy and
damage samples without being exposed to microwave
radiation as a control.

The temperature was recorded using a thermometer
inserted inside food item immediately after exposed to
microwave radiation. The moisture content of treated food
samples was measured by standard air-oven method by
calculating the difference in the weight before and after
keep 5 g samples in hot air oven at 105 °C for 24 h. 
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Determination of Some Biochemical Aspects of Treated significant differences between different time levels, but
Insects: Total proteins were determined by the method of no significant differences were observed between 40, 50
Bradford [23], total carbohydrates were estimated by the and 60 sec.
method of Dubois et al. [24], while total lipids were In treated C. maculatus adults, the mortality
estimated by the method of Knight et al. [25]. AchE percentage reached 100% when power level was 60% for
(acetyl cholinesterase) activity was measured according 50 sec, while satisfied mortality percentage was observed
to the method described by Simpson et al. [26]. at power level 60% for 40 sec as it recorded 97.7%. At

Statistical Analysis: Data were analyzed by two-way mortality percentages was observed. The LSD test of
analysis of variance (ANOVA) and means were compared significance revealed that there were significant
by the Duncan’s multiple range test. The SPSS program differences among all power levels, also among all time
version 21 [27] was used for statistical analyses. The levels.
standard errors of the means (SE) were determined using
SPSS program. Statistical significance was established at Changes in Physical and Chemical Properties: Results
P = 0.05 for all analyses. in table (2) illustrated that in cowpea seeds at power level

RESULTS degrees, moisture content, total carbohydrate and protein

Mortality of Treated Insects: The mortality percentages With regard to power level 80%, there were also
of adult Tribolium castaneum, Sitophilus granaries and significant differences in temperature degrees, moisture
C. maculatusare are presented in table (1). The mortality content, total carbohydrate and protein content among
percentages were zero for all treated insects at the power the exposed time levels 10, 30 and 60 sec, but as it can be
level 0%, also it was Zero at the power level 20% for 10 seen in both moisture content and total protein content
and 20 second in T. castaneum and for 10 sec in treated S. no significant differences were observed between the
granaries, then the mortality percentages began to exposed time levels 10 and 30 sec.
increase gradually for all treated insects.

In treated T. castaneum adults, 100% mortality
percentage was achieved at power level 40% for 60 sec,
while the mortality percentages were satisfied at power
level 40% for 40 and 50 sec as it recorded 97.7% and 99%,
respectively. Sharp increase in mortality percentages was
observed at power levels 60, 80 and 100% especially from
20 to 60 sec. The LSD test of significance revealed that
there were significant differences between different power
levels except power level 80% and 100% as no significant
differences were observed among them, also there were
significant differences between time levels, but no
significant differences were observed among 30, 40 sec
and among 50, 60 sec. 

In treated S. granaries adults, 100% mortality
percentage was obtained at power level 40% for 40 sec,
while at power level 40% for 30 sec gave satisfied
mortality percentage as it reached 99%. At power 60, 80
and 100% high increase in mortality percentages were
observed for 10 sec. The LSD test of significance revealed
that there were significant differences between different
power levels, but among power level 80% and 100% no
significant difference was observed, there were also

power levels 80% and 100% for 20 sec, a sharp increase in

40% there were significant differences in temperature

content among the exposed time levels 10, 30 and 60 sec.

Table 1: Mortality percentages of insects exposed to microwave radiation
Time (sec.)
----------------------------------------------------------------------

Power level% 10 20 30 40 50 60
Tribolium castaneum

0 0 0 0 0 0 0
20 0 0 3.3 6.7 57.7 61
40 20 81 94.3 97.7 99 100
60 60 86.7 99 100 100 100
80 62.3 100 100 100 100 100
100 84.3 100 100 100 100 100

Sitophilus granaries
0 0 0 0 0 0 0
20 0 5.7 20 30 39 40
40 66.7 90 99 100 100 100
60 80 97.7 100 100 100 100
80 90 100 100 100 100 100
100 97.7 100 100 100 100 100

Callosobruchus maculatus
0 0 0 0 0 0 0
20 0 0 10 33.3 40 51
40 1 30 30 49 77.7 80
60 17.7 67.7 80 97.7 100 100
80 70 89 90 99 100 100
100 80 90 93 100 100 100
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Table 2: Effect of microwave radiation on physical and chemical properties of cowpea seeds.
Treatments Measurments (±SE)
--------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------
Power level% Time(sec.) temperature moisture Total Carb. Total Protein N
40 10 28.0 ±.29 10.0 ±.00 38.16 ±.29 20.5 ±.29 3.28c a a a

30 37.0 ±.58 9.4 ±.23 32.46  ±.57 17 ±.00 2.72b b b b

60 53.0 ±.00 8.6  ±.12 28.41 ±.00 14.79 ±.03 2.37a c c c

80 10 31.5 ±.29 8.6 ±.17 37.04 ±.55 19.1 ±.06 3.06c a a a

30 58.0 ±.00 8.6 ±.06 32.43 ±.25 18.15 ±.12 2.90b a b a

60 81.0 ±.58 8.0 ±.00 26.44 ±.13 13.85 ±.49 2.21a b c b

Sig. power ** ** NS NS

time ** ** ** **

power*time ** NS NS **

Carb.:Carbohydrate and N: Nitrogen
In each column, means followed by the same letter are not significant at the 5% level.

Table 3: Effect of microwave radiation on physical and chemical properties of cowpea seeds in comparison with (untreated) healthy and infested ones.
Measurments(±SE)
--------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments Temperature Moisture Total carb. Total protein N
Power 40% 39.3 ±3.67 9.3 ±.22 33.09 ±.1.47 17.43 ±.84 2.79b c b b

Power 80% 56.8 ±7.15 8.4 ±.11 31.97 ±1.54 17.03 ±.82 2.72a d b b

Healthy samples 25.0 ±.00 10.2  ±.12 45.25  ±.03 21.88  ±.13 3.50d b a c

Damaged samples 26.5  ±.29 13.0  ±.29 30.79  ±3.5 13.5  ±.29 2.16c a b a

carb.: carbohydrate and N: Nitrogen
In each column, means followed by the same letter are not significant at the 5% level.

Statistical analysis revealed that there were levels increased seed temperature significantly, while seed
significant differences in temperature degrees between moisture was decreased. 
power levels 40 and 80%, exposed time levels 10,  30  and As for chemical properties of treated seeds, results
60 sec (P =.01) and the interaction between  power  and revealed that there were significant differences in the total
time levels. As for moisture content there were significant carbohydrates among healthy samples and overall power
differences between power levels 40 and 80%, exposed levels 40 and 80% (P =.01), while no significant differences
time levels 10, 30 and 60 sec, but no significant differences were observed among damaged samples and overall
were observed in the interaction between power and time power levels 40, 80%. The total carbohydrate decreased
levels. for about 13%, there were also significant differences in

Regarding to total carbohydrate content, results total protein content among healthy samples, damaged
show that no significant differences were observed in samples and treated seeds at overall power levels 40, 80%
both power  levels  40, 80% and interaction between (P =.01), total protein also decreased for about 5% while
power and time levels, while there were significant in damaged seeds there was great decrease in protein
differences among exposed time levels. Total protein content as it was more than 8%.
content was significant in both exposed time levels and The obtained results in table (4) indicated that in
interaction between power and time levels, but no wheat seeds at power level 40% there were significant
significant differences were observed in power levels 40 differences in temperature degrees, moisture content%,
and 80%. carbohydrate and protein content among the exposed time

When comparing the effect of overall microwave 10, 30 and 60 sec (P =.01), while there were no significant
radiation at power levels 40, 80% with untreated healthy differences in protein content between the exposed time
samples and untreated damaged samples on physical and 30 and 60 sec. As for power level 80% there were
chemical properties of cowpea seeds, the  obtained significant differences in temperature degrees, moisture
results in table (3) indicated that cowpea seeds treated content %, carbohydrate and protein content among the
with microwave radiation was affected their physical and exposed time 10, 30 and 60 sec, but in protein content, no
chemical properties compared to untreated healthy and significant differences were observed between the
infested ones. Overall microwave radiation at 40 and 80% exposed times 30 and 60 sec.
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Table 4: Effect of microwave radiation on physical and chemical properties of wheat seeds.

Treatments Measurments(±SE)
--------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------
Power level% Time(Sec.) Temperature moisture Total carb. Total protein N

40 10 36.5 ±0.29 10.2 ±.18 47.67 ±.17 9.18 ±.06 1.47c a a a

30 40.0 ±.00 9.8 ±.12 46.19 ±.06 8.5 ±.00 1.36b b b b

60 55.0 ±.58 9.0 ±.00 42.27 ±.04 8.5 ±.00 1.36a c c b

80 10 37.0 ±.58 11.2 ±.12 35.22 ±.13 8.5 ±.06 1.36c a a a

30 62.0 ±.58 9.4 ±.12 33.05 ±.02 7.8 ±.00 1.25b b b b

60 84.0 ±.00 9.0 ±.12 28.11 ±.06 7.8 ±.00 1.25a c c b

Sig. power ** NS ** **

time ** ** ** **

power*time ** ** NS NS

carb.: carbohydrate and N: Nitrogen
In each column, means followed by the same letter are not significant at the 5% level.

Table 5: Effect of Microwave radiation on physical and chemical properties of wheat seeds in comparison with (untreated) healthy and infested ones.

Measurments(±SE)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments Temperature Moisture Total carb. Total protein N

Power 40% (oveall) 43.8 ±2.8 9.7 ±.19 45.38 ±.81 8.73 ±.11 1.4b c b b

Power 80% (oveall) 61.0 ±6.8 9.9 ±.34 32.13 ±1.1 8.03 ±.12 1.29a c c d

Healthy samples 26.0 ±.29 11.6 ±.23 48.66 ±1.03 10.6 ±.18 1.7d b a a

Damaged samples 27.0 ±.00 13.0 ±.00 45.25 ±.00 8.5 ±.00 1.36c a b c

carb.: carbohydrate and N: Nitrogen
In a column, means followed by the same letter are not significant at the 5% level.

Statistical analysis, also indicated  that  there  were differences in the total carbohydrates among healthy
significant difference in the temperature degrees between samples, damaged samples and overall power levels 40
power levels, 40 and 80%, time periods 10, 30 and 60 sec and 80% (P =.01), while there were no significant
and interaction between power and time levels. As for differences between damaged samples and overall power
moisture content, there were no significant differences 40%. Moreover there was a slight decrease in
between power levels, while it was significant in both time carbohydrates content at Power 40% for about 3.3% and
periods and interaction between power and time levels. high decrease at Power 80% for about 16.5%, there were
Regarding both carbohydrate and protein contents of also significant differences in total protein content among
wheat seeds, there were significant differences in these healthy samples, damaged samples and treated wheat
compounds between power levels, time periods, while seeds at overall power levels 40, 80%. Total protein
there were no significant differences (P =.01) in the decreased for about1.9% with power level 40% and 2.6%
interaction between power and time levels. with power level 80% while in damaged wheat seeds the

When comparing the effect of overall microwave decrease in protein content was 2.1%.
radiation at power levels 40, 80% with untreated healthy Results obtained in table (6) showed that in wheat
samples and untreated damaged samples on physical and flour at power level 40% there were significant differences
chemical properties of wheat seeds, the obtained results in temperature degrees, moisture content, total
in table (5) indicated that wheat seeds treated with carbohydrate among the exposed time levels 10, 30 and 60
microwave radiation was affected their physical and sec (P =.01), but no significant differences were observed
chemical properties compared with untreated healthy and in total protein content, furthermore, no significant
infested ones. Overall microwave radiation at 40 and 80% differences in temperature degrees between the exposed
power levels significantly increased temperature degree of time 10 and 30 sec, also between the exposed time 30 and
wheat seeds, while significantly decreased the moisture 60 in moisture content. With regard to power level 80%,
content. Regarding to chemical properties of treated there  were  significant  differences  in  temperature
wheat seeds results showed that there were significant degrees,  total  carbohydrate  and protein content among



Acad. J. Entomol., 9 (4): 51-61, 2016

56

Table 6: Effect of microwave radiation on physical and chemical properties of wheat flour.
Treatments Measurments(±SE)
---------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------
Power level% Time(sec.) Temperature Moisture Total carb. Total protein N
40 10 39.0 ±.00 17.4 ±.12 52.98 ±.12 8.5 ±.00 1.36b a a a

30 40.0 ±.58 14.5 ±.00 40.74 ±.43 8.5 ±.00 1.36b b b a

60 63.5 ±.29 14.0 ±.29 27.5 ±.00 8.5 ±.00 1.36a b c a

80 10 45.0 ±.00 13.7 ±.06 24.0 ±.46 8.5 ±.00 1.36c a a a

30 65.0 ±.00 13.7 ±.49 22.46 ±.03 8.15 ±.00 1.30b a b b

60 85.0 ±.29 13.0 ±.00 22.5 ±.00 7.8 ±.12 1.25a a b c

Sig. Power ** ** ** **

time ** ** ** **

Power*time ** ** ** **

carb.: carbohydrate and N: Nitrogen
In each column, means followed by the same letter are not significant at the 5% level.

Table 7: Effect of Microwave radiation on physical and chemical properties of wheat flour in comparison with (untreated) healthy and infested ones.
Measurments(±SE)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments Temperature Moisture Total carb. Total protein N
Power 40% 47.5 ±4 15.3 ±.54 40.41 ±3.7 8.5 ±.00 1.36b d b b

Power 80% 65.0 ±5.8 13.37 ±.18 22.99 ±.29 8.15 ±.11 1.30a c d c

Healthy samples 26.0 ±.00 18.9 ±.58 59.29  ±.35 10.35  ±.03 1.66d b a a

Damaged samples 27.5 ±.29 20.2 ±.00 30.94  ±.03 7.8  ±.06 1.25c a c d

carb.: carbohydrate and N: Nitrogen
In each column, means followed by the same letter are not significant at the 5% level.

the exposed time levels 10, 30 and 60 sec, but no with power level 80%.There were also significant
significant differences in moisture content among the differences in total protein content among healthy
exposed time levels 10, 30 and 60 sec, also, no significant samples, damaged samples and treated wheat flour at
differences were observed between the exposed time overall power levels 40, 80% (P =.01). Total protein also
levels 30 and 60 sec in total carbohydrate content. decreased for about 2.2% with power level 80%, while in

Statistical analysis revealed that there were damaged wheat flour the decrease in protein content
significant differences in all measurements temperature reached 2.55%.
degrees, moisture content, total carbohydrate and protein
contents between power levels 40 and 80%, exposed time Changes  in  Biochemical Aspects of Treated Insects:
levels 10, 30 and 60 sec and interaction between power Data presented in Table (8) revealed that the microwave
and time levels (P =.01). energy has physiological effects on the insects that

When comparing the effect of overall microwave exposed to various frequencies of microwaves radiation,
radiation  at power levels 40, 80% with untreated healthy also on AchE activity at 20 and 40% power levels for
samples  and  untreated  damaged samples on physical periods of 10 and 30 seconds. The results showed a
and chemical properties of wheat flour, the obtained significant decrease in the total protein content (which
results in table (7) indicated that wheat flour treated with has an important role in enzymes metabolism) in the
microwave radiation was affected their physical and treated insects compared to the control. On the other
chemical properties compared with untreated healthy and hand, the results showed a significant increase in the total
infested ones. Overall microwave radiation at 40 and 80% carbohydrates and total lipids contents in T. castaeumand
levels significantly increased temperature degree of wheat S. granarus compared to the control, while in C.
flour, while significantly decreased the moisture. maculates the results showed a significant increase in the
Concerning to chemical properties of treated wheat flour total carbohydrates but a significant decreased was
results illustrated that there were significant differences in occurred in total lipids. As for AchE activity, the obtained
the total carbohydrates among healthy samples, damaged data indicated a decrease in AchE activity of the exposed
samples and overall power levels 40 and 80% (P =.01). The insects under study with significant differences compared
maximum decrease of total carbohydrate was about 36.3% to untreated ones.
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Table 8: Effect of microwave radiation on the total proteins, carbohydrates, lipids and AchE in treated insects.

Treatments Measurements (±SE)
------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------
Power level% Time (sec) Total protein Total carbohydrates Total lipids AchE

Tribolium castaneum
20 10 19.2  ±2.01 11.37  ±1.19 7.33  ±0.65 595.7 ±16.4b b c b

30 15.07  ±0.75 11.69  ±1.33 8.00  ±0.17 518.67  ±24.95c b bc bc

40 10 12.5  ±0.61 15.93  ±0.84 9.7  ±0.72 447.7  ±55.16d a a c

30 11.17  ±1.8 16.67 ±1.26 8.63  ±0.85 511.6  ±30.03d a b bc

Control 22.07 ±0.42 9.17  ±0.49 5.84  ±.15 1383.67  ±77.9a c d a

Sitophilus granaries
20 10 12.93 ±0.6 9.9  ±0.66 7.77  ±1.33 746.67  ±75.06bc c a b

30 14.8  ±0.27 16.1  ±0.8 7.6  ±0.27 541.00  ±8.54b a a c

40 10 9.43  ±0.67 9.93  ±0.6 8.17  ±0.12 616.67  ±47.26d c a c

30 13.77  ±0.29 12.17  ±1.3 7.93  ±0.86 540.67  ±45.62bc b a c

Control 18.73  ±1.32 8.28  ±0.83 6.03  ±0.83 1230  ±70.1a c b a

Callosobruchus maculatus
20 10 9.37 ±0.81 6.43  ±0.99 3.47  ±0.49 112.00  ±5.29b b b bc

30 8.93 ±0.76 6.49  ±1.01 2.97  ±0.16 122.67  ±3.06b b b b

40 10 7.31  ±0.67 7.83  ±1.42 2.74  ±0.23 104.00  ±6.08c a b c

30 7.33  ±1.25 7.37  ±0.47 2.9  ±0.48 113.67  ±3.51c a b bc

Control 12.6  ±0.61 5.00  ±0.5 5.64  ±0.65 163.67  ±5.69a c a a

In each column, means followed by the same letter are not significant at the 5% level.

DISCUSSIONS of microwave power as 100% mortality of treated insects

There are many pests that attack stored grains which was between about 40°C to 60°C, evidence for this can be
caused a significant decrease in the quality of grain in found in tables (2,4 and 6), taking this point of view Plarre
addition to spend much money for controlling these et al.[35] who stated that the target temperature range of
pests. Most of the treatment methods for controlling 40 to 60 °C generated from microwave radiation at
stored grain pests based on the traditional methods such different power levels were successfully delivered to the
as fumigation with pesticides. These pesticides and its infested products by Sitophilus zeamais. Moreover, 40°C
residues have negative effects on both environment and was sufficient to achieved complete kill of adult weevil S.
the consumers. Therefore, there is a need to replace these zeamais.
traditional methods with environment-friendly methods. Callosobruchus maculatus appears to be more
Microwave radiations consider one of these powerful, tolerant than other tested insects as 100 % mortality
safe and fast methods to control stored grain pests, as achieved at power level 60% and 50 sec exposure time
well as it will not keep any chemical residual in the final while 100 % mortality of T. castaneum and S. granaries
products and consequently avoid the hazardous impacts achieved faster at power level 40 with exposure time 60
on the human health issue [28 - 32] and 40, respectively. Our interpretation of the delayed

As it can be seen in table (1) there were a positive mortality in C. maculatusis is that the insects were hiding
relationship between mortality rates of Tribolium inside infected cowpea seeds, moreover microwaves dos
castaneum, Sitophilus granaries and Callosobruchus not penetrate into cowpea seeds sufficiently and this may
maculatus and both microwaves power levels and reduce the effect of microwave radiation on C. maculatus,
exposure times. The mortality percentages increase with The obtained results showed decrease in moisture
increasing microwave power level and time of exposure to content in treated wheat seeds, wheat flour and cowpea
the microwaves [33]. The main reason for this positive seeds with increasing both power and exposure time
relationship could be due to the increase in the frequency levels, similar observation were found by Shayesteh and
oscillation of the water molecules in the body of treated Barthakur [34] and Jiao et al. [37] who indicated that heat
insects [34] in addition to the increase of temperature generated from microwaves help the water molecules in
degrees of food samples and insects body with increasing food  samples  to  evaporate,   Warchalewski   et   al.  [29]

was achieved when mean temperature of grains surface
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reported that increase of treated wheat grain temperature and Hoveling [43] mentioned that during storage of wheat
using microwaves caused decrease of moisture content seeds, grains attackable by fungi and other
from 12.22 to 9.87%. microorganisms and that will led to some changes in

Concerning the effect of microwave radiation on the chemical composition and make it unsuitable for products
total protein and carbohydrates contents in treated wheat and we expected the same with wheat flour and cowpea
seeds, wheat flour and cowpea seeds, we selected power seeds. This expectation is supported by Nahla [44] and
levels 40% and 80% as an indicator of intermediate and Aremu et al. [45] who reported that storage of cowpea for
high power of microwaves. Our present study showed a long time, affected the chemical component of the
that microwaves have some effects on food quality like cowpea seeds like moisture, crude protein and
protein and carbohydrate content, especially with the carbohydrates.
high level of microwave power level 80%. Total protein Regarding the effect of microwave radiation on the
and carbohydrate content have shown varying degrees of total proteins, carbohydrates, lipids and AchE in treated
reduction with increasing both power and exposure time insects,, we selected both power levels 20 and 40% with
levels, which is consistent with results obtained in exposure time of 10 and 30 sec as the mortality
previous studies established by Stephenson et al.[38] percentages were low and we noticed that insects that
who reported that the use of microwave heat treatment for exposed to microwave radiation and still alive, have low
controlling pests and pathogens in wheat seeds has an activity (Knocked down), therefore, we expected that
adverse effect on seed quality. Blaszczak et al. [38] stated microwave radiation may have some impacts on insect's
that technological tests performed on microwave heated biological activities represented in the effect on insect's
wheat grain confirmed changes in starch and protein enzymes. It is evident from the obtained results that total
structure. Lu et al.[40] mentioned that use of microwave proteins, carbohydrates, lipids and AchE in treated
radiation at high intensity has affected the food quality. insects were significantly affected by microwave radiation
Purohit et al.[40] stated that protein content in pulses at low-intensity power level 20 and 40% for 10 and 30 sec.
affected by microwave exposure. The evidence points to We predicted that the changes in insect enzymes caused
the probability that the great temperature generated from by heat exposure from microwaves, which is strongly
high power of microwave might be the main reason for confirm with Ng [46] who found that when S. granaries
reducing total protein and carbohydrate contents in the exposed to temperatures 5-10 °C above the optimal growth
tested food samples as reported previously by the temperature, this can cause many deleterious effects, like
authors Warchalewski et al. [29] and Blaszczak et al.[38] increase in membrane fluidity and the partial unfolding of
who mention that marked changes in starch granules and proteins that can lead to death. Lu et al.[39] indicated that
protein content in wheat seeds were started when the when T. castaneum exposed to low-intensity microwave
grain temperature exceeded 64 °C with exposed time radiation, the insects’ moisture content, pH values,
longer than 90 sec. Warchalewski and Gralik [4]proved alkaline phosphatase, protein subunits molecular weights
that when wheat grain temperature reached 79 and 98°c at and acetyl cholinesterase activity were all lower than
exposure time 120 and 180 sec, respectively, caused a untreated insects, while, peroxide values were higher.
decrease in extractable protein content for more than 42%. Moreover, Webber et al. [47] and Phelan et al. [48]
Macarthur and D'Appolonia [41] confirmed that wheat showed that microwave radiation significantly affects
flour quality was adversely affected by microwave heating physiological processes of treated insects and lead to
after 240 sec as the flour temperature reached 61°C. decrease activity of antioxidant enzymes, also, alkaline

It could be expected that use of microwave radiation phosphatase acetylcholinesterase and amino acids levels
at low power intensity than 20% might have satisfactory were changed. Olsen [49], Neven [50] and Nelson [51]
results against stored product insects without a marked reported that, exposure to microwaves led to coagulation
effect on food quality, protein and carbohydrate contents, of protein in different tissues, reduction body weight,
Zhao et al.[19] and Vadivambal et al.[32] strongly confirm decreased reproduction rate in adults, prevention
the previous prediction. Also, it could be noted that metamorphosis and sterility of males. Furthermore,
chemical properties of the tested wheat seeds, wheat flour Karabulut and Baykal[30] confirmed microwave radiation
and cowpea seeds were relatively lower than normal rates. as an alternative control method to chemical fumigation,
This may be due to the tested samples were stored more where he found that the increase in mortality resulted from
than a year, this view is consistent with Shakeel et al.[42] the metabolic stress caused by the thermal treatment,
who reported that storage of wheat seeds in traditional moreover, heat treatments increased insect metabolic and
room type storage exposing it to the deterioration. Cornell the exposure to high temperature led to cell damage. 
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It could be concluded that microwave radiation can 12. Vadivambal,  R.,  O.F.   Deji,    D.S.    Jayas   and
be used as an effective tool for management of stored N.D.G. White 2010. Disinfestation of stored corn
products pests in integrated pest management (IPM). using microwave energy. Agriculture and Biology
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