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Abstract
Stegobium paniceum (L.) is a dangerous pest of stored products. It's the most common storage insect pest found in botanicals.
The drugstore beetle infests various dried herbs and medicinal plants. Alternatives for control insect pests in grain handling
and packing units are basic to keep up the characteristics of the product and decrease environmental impact. microwave
heating efficacy was investigated as fumigation with phosphine or by applying protective organophosphate and parathyroid
insecticides alternatives for controlling S. paniceum. Results indicated DNA damage in the whole body cells of both sexes of
S. paniceum by microwave radiation exposure to LT50. Also; results indicated the effect of microwave doses that caused 100 %
mortality on chemical characteristics of hot pepper.
Keywords: Stegobium paniceum, microwave, comet, Capsicum minimum
1. Introduction
Botanicals are attacked in storage by many harmful insects.
The most common pest found in botanicals is Stegobium
paniceum (L.) (Abdelghany et al. 2010) [2]. This pest infests
many dried foods such as flour, dried bread, biscuits,
chocolate, grain and granular feed for pets as well as spices,
drugs and pharmacological products (Hagstrum and
Subramanyam, 2009) [19].
Capsicum minimum (hot pepper) fruit is one of the most
important medicinal plants in Egypt because of its
economic, nutritional and medicinal importance. Hot pepper
is an excellent source for natural colors and antioxidant
compounds such as ascorbic acid, carotenoids and phenolic
compounds (Howard et al., 2000) [22]. The intake of these
compounds in food is very important health-protecting
factor as it prevent widespread of human diseases (Marin et
al., 2004) [22].
Currently, most companies use chemical control methods, as
methyl bromide or phosphine, for controlling insect
infestation while storage. However, phosphine-resistant
insect populations began to appear (Zettler and Keever
1994) [49]. So it became very important to use alternatives to
insecticides such as Microwave heating as controlling agent,
or using biological control agents (parasites, predators, and
pathogens). (Zhanggui et al., 2003) [50].
Using heating of Microwave is based on the transformation
of alternating electromagnetic field energy into thermal
energy by the effect of polar molecules of a material. The
main idea of pest control using microwaves for
disinfestations is based on heating the insects to lethal
temperature as result of high moisture content of insect body
while leaving the product affected or a little warm
(Vadivambal et.al. 2006).
The present examination detect the impact of microwave on
DNA damage of Stegobium paniceum, using the single cell
gel electrophoresis (SCGE) measure, normally called the
comet assay (Tice et al., 2000; Afify and Negm, 2018) [46,

14]

. DNA damage considered as a biomarker of
environmental mutagens. Genomic instability and cancer
formation may be occurred as a result of defects in DNA
damage response (Jehane et al., 2017) [25]. During
electrophoresis, the DNA fragments move out of single cells
framing a tail toward the anode giving the harmed cells the
comet shape. The remaining nucleus formed the head of the
comet, whereas the tail is framed by the fragments. The
damage intensity is closely related to the extension of the
tail (Fairbairn et al., 1995) [17].
Consequently the present work intended to assess the
genotoxic impact of using the alternative method
(microwave) for the control of drug beetle and determined
their effect on the chemical composition of Capsicum
minimum (hot pepper) fruit.
2. Materials and methods
2.1 Test insects
Stegobium paniceum beetles used in ozone and microwave
experiments were obtained from stored grain and product
pests Department, Plant Protection Research Institute,
whereas they were reared at 28 ±2 0C and 65 ±5 R.H. on red
pepper for at least two months.
2.2 Samples and sampling
Hot peppers (Capsicum minimum L) fruits were obtained
from Medicinal and Aromatic Plants Research Dept. The
chemical analysis was done at the Central Laboratory of
Horticulture Research Institute, Agricultural Research
Center. Hot pepper was grinded in home grinder to be
powder.
2.3 Exposure to Microwave radiation
2.3.1 Microwave
Microwave system (Model No: NN-C988W) made in Japan
(220V-50HZ-900W-2450MHZ) was used.
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2.3.2 Microwave treatment
10 g of hot pepper with and without insects were put in Petri
dishes. Samples were exposed to microwave power level of
low power (100watt), medium power (300watt) and high
power (500watt) and different periods (10, 15, 20,30,40,50
and 60 seconds).
2.3.3 Determination of toxicity of emerged progeny
adults
The experiment was conducted with hot pepper samples.
Batches of 15 pairs (0-2 days of S. paniceum adults) were
put in Petri dishes containing 10gm hot pepper. After 24 hrs
from treatment, the percentages of live and dead insects
were counted. The samples with adult survivors were
transferred to small glass jar; the jar was sealed with the
muslin and placed under laboratory conditions. Number of
adult’s emergence was counted after 5-6weeks. Similar
previous method was carried out without exposure to
microwave for control treatment.
2.4 Sample Preparation for Alkaline Single Cell Gel
(SCG) Assay
For each sample, the whole body cells of male and female
adults of S.paniceum treated with LT50 were taken from five
insects minced in 1 ml cold phosphate buffer solution (Ca+2
free).
2.4.1 Investigation of Damage of DNA by Alkaline SCG
Assay
Alkaline SCG Assay used for investigating single strand
breaks of DNA (incomplete excision repair sites and frank
strand breaks), cross-linking and alkali-labile sites (Singh et
al. 1988) [43]. The comet assay analyse DNA damage level
in the whole body cells of S.paniceum to evaluate the
genotoxic impacts of microwave radiation and ozone. Three
replicates for each sample were prepared. The slides were
analysed comets using barrier filter (605nm) and an
excitation filter (524 nm) of Axio fluorescence microscope
(Carl Zeiss, Germany).
2.4.2 Estimation of DNA damage
DNA damage was showed with ethidium bromide stain of
DNA using a fluorescent microscope. The percentage of
migrated DNA (DNA tail %) and the length of migrated
DNA were measured (Tail length) (TL), and the product of
both, called the tail moment (TM) using a Komet analysis
software 4.0 developed by Kinetic Imaging, Ltd (Liverpool,
U.K.) attached to a CCD camera. Each sample included 50100 chosen cells (minimum of 25 cells/slide and 3
slides/treatment were estimated).
2.5 Studying effect of microwave heating on chemical
characterization of hot pepper
2.5.0 Sample Preparation
For each sample, 50g of the hot pepper exposed to different
tested microwave power and 4800ppm for 1 hour of ozone
gas (O3) that caused 100% mortality for S. paniceum
2.5.1 Determination of Capsaicin
Measurement of capsaicin in samples of hot pepper fruit
with HPLC technique, Merfort et al., (1997) [31].
2.5.2 Alkaloids
The absorbance of the complex in chloroform was measured
at 470 nm against blank prepared as above but without

atropine (Shamsa, et al., 2008) [40] by using JENWAY
spectrophotometer model s6756-3P. Total alkaloids were
determined as atropine from a calibration curve.
2.5.3 Total flavonoids
Total flavonoids were determined by using method of
Woisky and Salation (1998) [48] using aluminum chloride;
the absorbance was measured at 420 nm.
2.5.4 Total phenols compounds
Extraction of phenolic compounds was conducted according
to the method described by Daniel and George (1972) [14].
2.5.5 Antioxidants
The antioxidant activity of the extracts was studied through
the evaluation of the free radical scaving effect on the2,
2diphenyle 1-1picrylhydrazl (DPPH). The determination
was assessed by using the procedure reported by Okonogi et
al., (2007) [34].
2.5.6 Ascorbic acid
Ascorbic acid was determined according to A.O.A.C.,
(2005) [1].
2.5.7 Acidity
Total acidity % was measured as mentioned in A.O.A.C
(1990) [1]
2.5.8 Determination of total free amino acids (gm.
/100gm dry weight)
Total free amino acids were determined according to
Jayaraman (1985) [24].
2.5.9 Determination of total anthocyanin
It was determined by using mg/100gm dry weight according
to Hsia et al., (1965) [23].
2.5.10 Pigments content
(Chlorophyll a, b and carotenoids, mg./100g. d.w) were
determined in capsicum fruit according to Saric et al.,
(1967) [39].
2.6 Data analysis
Probit analysis was used to estimate the LT50 and LT99
values (Abbott, 1925) [1]. Data were presented as mean ± SD
and were statistically analysis of variance (ANOVA), (P ≤
0.05) using SPSS software (version 15; SPSS, Chicago, IL).
3. Results
3.1 Microwave treatment results
3.1.1 The Effect of different power of microwave on
S.paniceum
The results presented in Table (1) indicate that adult
mortality was caused at different exposure powers (low,
medium &high) increase by increasing of exposure time
(10, 20, 30, 40, 50&60 seconds), respectively. The correct
mortality rate of adult at different periods was (2.5, 5, 31.67,
43.33, 80.83 &100) (6.67, 35.83, 61.67, 92.5, 100&100) and
(19.17, 47.5, 70.83, 100, 100&100), respectively for the
three different powers of exposure. There were significant
different between low, medium and high power. Meanwhile
emerged adults were significantly decreased with increasing
of microwave exposure times at the three exposure powers.
The most effective exposure periods were (60, 50&40sec),
8
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respectively which evidenced by 100% mortality for adult.
Data given in Table (1) indicate that reduction % in adult
emergence was gradually increased with the increase of
time at different powers. The reduction rate of emerged
adult after 4-5 weeks of treatment to different exposure time
(10, 20, 30, 40, 50&60 seconds) were (27.77,61.11,
62.96,66.66,72.22&100)(51.85,64.81,66.67,88.89,100&100)
(98.14,100,100,100,100&100) at different tested powers.
There was significant difference in the mean number of
emerged adult between different exposure times. The
reduction % was significantly increased with increase of
exposure time. Adult emergence was completely inhibited at
60sec exposure time at low power 50&60sec exposure time
at medium power and at 20, 30, 40, 50&60sec exposure
time at high power.
The LT50and LT90values of microwave effect against egg
and adult of S. paniceum are shown in Table (2). The data
indicated that the egg was more tolerant than adult when
exposed to various microwave power. The data showed that
when eggs were exposed to various microwave power, the
lethal time values were significantly decreased by increasing
microwave power. LT50 values at low and medium power
were 39.47and 25.82 seconds for eggs and 38.05 and 23.06
seconds for adult. The results showed that mortality rate had
direct relation with microwave power and exposure time, by
increasing the microwave power to high; the mortality
reached 100% for two stages at different exposure time.
3.1.2 Comet assay; Single-cell gel electrophoresis
Results indicated damage of DNA in the cells of the boy of
adults (male and female) of S. paniceum using microwave
power. Microwave exposure in adults (male and female) of
S. paniceum caused a critical increment in DNA damage at
the various powers of microwave ( low, medium and high
intensity of microwave) for LT50 s intervals as demonstrated
by a high migration of DNA pieces on the agarose gel (Fig.
1A-H).
The effect of intensity response was noticed on DNA
damage, showing that as increasing microwave dose as
increasing DNA damage occurs brought about a significant
variety in % of tailed cells compared to intact cells at 50 s
after microwave exposure. The comet assay results showed
a significance increment in the mean of different comet
assay data (% T, TL and TM) at high power of microwave
for LT50 (Table 3). The results also indicated that there is no
significance increment in means of different DNA damage
measurements (TL, %T and TM) between microwaves
treated male and female adults (Table 3).

(0.702, 0.661&0.611 mg/100g) for low, medium& high,
respectively and control (0.335mg/100g).
Total flavonoids contents of hot pepper extract were
insignificantly increased with low microwave powers.
While increased significantly at medium and high
microwave power (0.609&0.636mg/100g) respectively and
was 0.582mg/100 g for control.
While for total phenols content there were insignificant
increase between different treatments of microwave powers
and control, there were increase from 0.144 mg/ g (control)
to (0.167, 0.203, &0.208 mg/ g) at low, medium& high
microwave powers, respectively in Capsicum minimum.
Thermal microwave caused more significant changes of
antioxidants activity than untreated samples. It significantly
decreased from 60% for control samples to 52.1, 49.5 &
42.3%, at low, medium& high microwave powers,
respectively for different tested powers.
Data demonstrated that ascorbic acid (AsA) of Capsicum
minimum content decreased by increasing the microwave
energy (8.6, 8.2&8mg/100g), respectively against
9.2mg/100g for control. The statistical analysis revealed that
there was significant influence of the drying conditions on
the degradation of AsA.
The acidity value after microwave treatments was found
(0.042, 0.042& 0.043) against 0.041 for control. There was
no significant differences between the untreated and MW
treated groups.
Data show significant increase in total free amino acid
content for the medium and high microwave power.
Data indicated that the anthocyanin yields significantly
increased with extraction microwave power. It increased
from
0.132mg/100g
for
control
to
(0.136,
0.144&0.147mg/100g) for low, medium and high
microwave power.
Results presented in table (4) showed that there was
significant decrease in chlorophyll A content with different
microwave power except for low microwave power. That
chlorophyll A content the highest value was recorded by
control (0.26 mg/g) compared to treatments microwave It
recorded (0.24, 0.19, 0.17mg/g), respectively for different
treatments microwave. Also there is significant decrease in
chlorophyll B content for different microwave power.
The color values were also compared after microwave
treatments as shown in Table (4). The total carotene in hot
pepper significantly decreased due to treatment with
medium and high power of microwave (25.32&24.66mg/g),
respectively but in low power there is insignificantly
decrease against control group (28.68mg/g).

3.1.3 Effect of microwave treatments on chemical
properties of hot pepper
Different microwave powers treatment which caused 100%
mortality for S. paniceum on hot pepper was shown in Table
(4).
Capsaicin extracts from Capsicum minimum data were
presented in Table (4) which obtained as a result of using
different microwave powers. The capsaicin content values
were (0.332, 0.303&0.266mg/100g),respectively for the
different tested powers of microwave treatments against
0.207 mg/100g for control. The best results were at the
powers of lowfor60 seconds and medium for 50 seconds but
the capsicum content decreased with high microwave power.
Data showed that Alkaloids significant differences were
found between different treatments of microwave powers

4. Discussion
4.1 The Effect of different power of microwave on
S.paniceum
According to the obtained results, different powers of
microwave and ozone had proven to be successful against
the eggs and S. paniceum adult stage. At different
microwave power (low, medium &high) the effectiveness
on adult mortality reached 100% at unlike exposure periods
(60, 50&40sec), respectively. Also, percentages of
emergence were much decreased with increasing of
microwave exposure times at different powers. It achieved
to zero percent at 60, 50 and 20 sec respectively, for low,
medium and high microwave power. The results are to some
extent consistent with that reported by Abdullah Ahmady et
al., (2016), who studied the microwave radiations effect on
9
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Tribolium confusum and Callosobruchus maculatus at
400watts and found that complete mortality of T. confusum
adults was obtained at 25 sec, whereas 98.8% mortality
percentage was obtained at the same exposure time for C.
maculatus adults. Also, Azizoglu et al., (2011) [10] stated that
complete mortality of eggs of (24 hr) Ephestia kuehniella
took place by the result of the power of 150 W and the
maximum exposure time (300 sec). Very similar result was
obtained at the highest dose (600 W) and the shortest
exposure time (10sec). Shayesteh and Barthakur (1996) [41]
investigated mortality of the stored-product pests such as
Tribolium confisum and Plodia interpunctella that exposed
irregularly or continuously to microwave radiation (2450
MHz). Irregular exposure at 1 or 5 min was more effective
to kill insects of both pests than continuous one. Microwave
could cause physical injuries and reduced rates of
reproduction in insects exposed for its waves (Nelson 1996)
[33]
.
Östling and Johanson (1984) [35] noticed that radiation dose
leads to DNA fragment migration. So DNA changes
induced by radiation might be utilized as the reason for
irradiation method investigation in insects and nourishment
(Pandır and Güven, 2014) [36].
DNA comet assay considered as a legitimate assessment for
recognizing the historical backdrop of pests which irradiated
(FAO, 2009) [18] like the cigarette beetle, Lasioderma
serricorne when the treatment time became 50 seconds
(Kameya et al., 2012) [26]. In the ongoing examination,
comet test examination was utilized as the most touchy,
quick, simple and and cheap methods to test microwave
radiation genotoxicity of adults (male and female) of S.
paniceum.
The results showed that as expanding radiation portion as
increasing DNA damage happens and these results agreed
with the results of (Marín-Huachaca et al., 2005) [29] study,
they found that expanding radiation portion more DNA
fragmentation happens and these fragments relocate further
during the electrophoresis. Therefore, there is extension
increment of DNA started to move from the core into the
anode in irradiated cells forming comet shape, whereas
control cells will show up about round or with just slight
tails. Also, it was recommended that the % of tailed cells in
comet scoring compared to intact cells could be calculated
to verify the genotoxicity (Jehan et al., 2017) [25]. After the
treatment with microwave, a huge increment in mean tail
length, % tail DNA and tail moment at high power of
microwave radiation for 50 seconds in comparison to
control. These results agreed with the results of (Pandır and
Güven, 2014) [36] study in which E. kuehniella larvae treated
with different microwave strengths and the significant
increment was in mean comet tail length at just 600 W for
50 s in contrast with control and other treatment groups
were noticed.
Modern methods like microwave facilitate efficient
extraction due to fast removal of cuticular superficial waxes
from plant material and the cell membrane is regularly
enhanced when the temperature increases, and the best
extraction for products can be obtained Arianne et al. (2008)
[9]
& Alberto et al., (2013) [5]. Modern data indicated that
capsaicin content increases when the temperature of

extraction increases and that is in harmony with Haiyan et
al., (2013) [20] that investigated the capsaicin extraction from
chili pepper powder by microwave technique and stated that
with the increase of temperature extraction range from 60˚C
to 150˚C, the capsaicin extraction increased.
Alkaloids contents was significantly increased and this in
agreement with Christine et al. (2014) [12] who evaluated the
nutritional, photochemical and microbiological quality of
three pepper varieties.
Secondary plant metabolites, that called Flavonoids present
in all growing parts of the plants. They have been reported
to be the most amount of plant pigment together with
chlorophyll and carotenoids (Stalikas, 2007) [45]. Shotorbani
et al. (2012) [42] observed the antioxidants activities of Gijlar
pepper and red pepper. the total flavonoids contents of the
two sweet peppers was significantly increased after thermal
treatment. these data is in agreement with Piovesan et al.
(2017) [37] also who used microwave to extract of bioactive
compounds of blue berry and found that the flavonoids
showed no significant difference in terms of the extraction
temperature.
These findings are in harmony with that of Horvathova et
al., (2007) who evaluated the result of thermal treatment on
antioxidants activity of some spices. They founded that
thermal treatment significant increase the phenoilc
compounds (26%) in case of black pepper and caused
significant decrease for the phenoilc compounds at allspice
(9%) and oregano (5%). In contrast with those obtained by
Dorantes-Alvarez et.al. (2011) [16] that considered the
effectiveness of microwave on blanching peppers and
reached to that the treatment reduced the amount of phenolic
compounds from 9.6 to 7.6 mg/ g peppers (dry weight
basis). Horvathova et.al. (2007) studied the result of thermal
treatment on antioxidants activity of a number of spices.
They founded that thermal treatment significant decrease of
the content of oxidative reaction substances. According the
results found, we can state that thermal treatment caused
significant decrease of antiradical activity, reducing power,
content of oxidative substances due to the formation of
some early Maillard reaction products, arisen during the
short heat treatment between reducing saccharides and
amino acids or proteins produced strong reducing materials
such as amino reluctant Anese et.al.(1999) [6].
Ascorbic acid (ASA) is a vitamin that soluble in water, and
the (ASA) content is broadly used as a sign for the alteration
of food quality during vegetable and fruit processing (Chuah
et al. 2008) [13]. These values are equivalent to those
previously reported by (Man et al. 2014) [28]. For the green
bell
pepper
the
activation
energies
are
i.e.,0.043,0.062&0.123mg/100gm at different temperatures
(40, 50&60 º C).
Similar to our results Bozkir et.al. (2018) who studied the
effectives of microwave hotness on the yield and quality of
red bell pepper puree and found that the acidity value after
treatment 3.16-3.43% and there is no significant effect
between MWH group and control.
These radicals can damage or modify important components
of plant cells and have been reported to affect differentially
the morphology, anatomy, biochemistry and physiology of
plants depending on the irradiation level (Wi et al., 2005).
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6. Tables and Figures
Table 1: Effect of Microwave radiation on mortality & adult emergence of Stegobium paniceum at different exposure powers
Correct Mortality % of adults ±SD
REDucation % of Adults±SD
Exposure time
(sec.)
Low power
Medium power
High power
Low power
Medium power
High power
10
2.5±1.59e
6.67±1.36e
19.17±0.83d
27.77±0.48d
51.85±1.63d
98.14±0.25a
20
5±0.96e
35.83±1.59e
47.5±2.85c
61.11±0.25c
64.81±0.96c
100±0.0a
30
31.67±2.15d
61.67±5.18c
70.83±2.85b
62.96±0.41bc
66.67±0.29c
100±0.0a
c
b
a
bc
b
40
43.33±2.36
92.5±1.59
100±0.0
66.66±0.65
88.89±0.58
100±0.0a
50
80.83±2.85b
100±0.0a
100±0.0a
72.22±0.48b
100±0.0a
100±0.0a
60
100±0.0a
100±0.0a
100±0.0a
100±0.0a
100±0.0a
100±0.0a
Means within a column followed by the same lower case letter are not significantly different (P<0.05)
Table 2: Lethal time values and parameters of mortality regression line for the various stages of Stegobium paniceum exposed to different microwave power.
Confidence limits(sec.)
LT50
LT99
Lower
upper
lower
upper
Egg
39.47
71.38
24.18
49.55
65.71
92.69
Low
adult
38.05
59.68
31.99
45.26
49.60
72.62
Egg
25.82
62.66
20.82
27.88
52.55
64.48
Medium
adult
23.06
47.75
18.89
28.15
45.50
62.70
Egg
*
*
*
*
*
*
High
adult
20.28
34.75
15.20
27.07
31.03
53.07
R = Correlation coefficient. S.E = Standard error of regression line.
Microwave
Power(w)

Stage

LT50(sec.)

LT99(sec.)

Slope± SE

R

1.70±0.58
5.90±0.16
2.09±0.47
5.06±0.19
*
2.97±0.33

0.69
0.95
0.78
0.94
*
0.99

Table 3: DNA damaging activity of microwave power in male and female adults of S. paniceum. Microwave power (W) Mean tail length (TL) (μm), Mean tail DNA (% T) and Mean tail moment (TM).
TL(μm)
%T
TM
Male
Female
Male
Female
Male
Control
2.3±0.31a
2.3±0.04a
2.97±0.16a
5.4±2.5a
0.07±0.016a
b
b
b
a
Low power
4.3±0.59
3.8±0.2
6.9±0.46
6.9±0.5
0.32±0.065ab
Medium power
4.4±0.26b
3.6±0.12ab
7.7±1.8b
6.9±0.7a
0.50±0.1ab
High power
5.5±0.9b
4.4±0.76b
9.5±0.85b
5.9±1.44b
0.6±0.22b
Means within a column followed by the same lower case letter are not significantly different (P<0.05)
Treatment

Female
0.12±0.05a
0.27±0.03a
0.3±0.04a
0.3±0.1a

Table 4: The effect of microwave power on chemical properties hot pepper
Power
Control
Low60
Medium50
High40

Capsaicin(mg/100g)
0.207±0.0a
0.332±0.0b
0.303±0.0b
0.266±0.0c

Alkaloids
(mg/100g)
0.335±0.02a
0.702±0.01b
0.661±0.01c
0.611±0.01d

Flavonds
(mg/100g)
0.582±0.00a
0.592±0.00a
0.609±0.00b
0.636±0.02c

Total
phenols
Antioxidant (%)
(mg/g)
0.144±0.00a
60±0.01a
0.167±0.00b
52.1±0.82c
0.202±0.00c
49.5±0.04b
0.208±0.00c
42.3±0.08d

Ascorbic
acid
(AsA)
9.2±0.00a
8.6±0.00b
8.2±0.00c
8±0.00d

Acidity
(%)
0.041±0.00a
0.042±0.00a
0.042±0.00a
0.043±0.00a

Total free
amino acids
(g/100g)
0.070±0.00a
0.073±0.0a
0.121±0.00b
0.133±0.00c

Total
ChlorophyllA
anthocyanin
(mg/g)
(mg/100g)
0.132±0.001a
0.26±0.00a
0.136±0.00b
0.24±0.00a
c
0.144±0.003
0.19±0.00b
0.147±0.001d
0.17±0.00bc

ChlorophyllB
(mg/g)

Caroten
(mg/g)

0.44±0.00a
0.27±0.00b
0.17±0.00c
0.15±0.0d

28.68±0.0a
27.04±0.0a
25.32±0.0b
24.66±0.0c
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F
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Fig 1: Effect of microwave power (A, B-Control male and female respectively, C,D- low power male and female respectively, E,F- Medium
power male and female respectively, G,H- High power male and female respectively) on DNA damage of whole body cells of male and
female adults of S. paniceum.

Similar to Man et.al. (2014) [28] that studied the result of
dissimilar drying methods on chemical and physical
characters of blanched green bell pepper and demonstrated
that drying conditions by microwave affected the loss of
total chlorophyll. Obtained data agree with Samia (2013)
who evaluated the effect of microwave treatment for 180
and 120 seconds on spearmint leaves and stated that
chlorophyll- A and B content had the lowest value in
spearmint leaves.
Degradation of carotene can be obtained as a result of
Drying of chilli pepper Dermiray et.al. (2013). The study
postulated that microwave different powers caused decrease
in carotene content and this agree with Maurya et.al. (2018)
[30]
who investigated the outcome of different drying ways
on chemical, physical and nutritional characters of five
pepper cultivars.

5.

5. Conclusion
The microwave low power is suitable for controlling adult
S. paniceum and considered one of the alternatives to
pesticides. The microwave low power (60 sec.) had proven
to be not effect on the chemical properties of hot pepper.

10.

6.

7.

8.

9.

11.
7. References
1. Abbott’s WS. A method of computing the effectiveness
of insecticide. J. Econ. Entomol. 1925; 18:265- 267.
2. Abdelghany AY, Awadalla SS, Abdel-Baky NF, ELSyrafi HA, Fields PG. Stored-product insects in
botanical warehouses. J. Stored Prod. Res. 2010; 46:9397.
3. Abdullah A, Magdi AA, Mousa,Ahmed AZ. Effect of
microwave radiation on Tribolium confusum Jaquelin
du
Val
(Coleoptera:
Tenebrionidae)
and
Callosobruchus
maculatus
(F.)
(Coleoptera:
Chrysomelidae: Bruchidae). J. Entomol. Zool. Stud.
2016; 4(4):1257-1263.
4. Afify A, Negm AAKH. Genotoxic effect of insect
growth regulators on different stages of peach fruit fly,
Bactrocera zonata (Saunders) (Diptera: Tephritidae),
African Entomol. 2018; 26(1):154-161.

12.

13.

14.

15.

Alberto GZ, Erick SC, Guadalupe JLO, Rebeca 1PM,
Juan CRO, José L, García H. Characterization of
Different Capsicum Varieties by Evaluation of Their
Capsaicinoids Content by High Performance Liquid
Chromatography, Determination of Pungency and
Effect of High Temperature, 2013, 1420-3049.
Anese M, Manzocco L, Nicoli MC, Lerici CR.
Antioxidant properties of tomato juice as affected by
heating. J. Sci. Food Agri. 1999; 79:750-754.
AOAC. Official methods of Analytical 18 th ED.
Assoiation
of
Ofical
Analytical
Chemists,
Gaithersburugn Mary land, U.S.A., 2005.
AOAC. Official methods of analysis, 15th edn.
Association of Official Analytical Chemists,
Washington, 1990.
Arianne Motter L, Gerard Ahern P. FEBS letters. 2257,
2008.
Azizoglu U, Yılmaz S, Karaborklu S, Ayvaz A.
Ovicidal Activity of Microwave and UV Radiations on
Mediterranean Flour Moth Ephestiakuehniella Zeller,
(Lepidoptera: Pyralidae). Türk. Entomol. Derg. 2011;
35:437-446.
Bozkir H, Ahsen RE, Özge T, Taner B. Effect of
microwave heating on the yield and quality of red bell
pepper puree. J. of food. 2018; 43:1-10.
Christine EI, Peters H, Orim AO. Comparative
Evaluation of the Nutritional, Phytochemical and
Microbiological Quality of Three Pepper Varieties. J.
Food and Nutr. Sci. 2014; 2(3):74-80.
Chuah AM. Lee Y, Yamaguchi T, Takamura H, Yin L,
Matoba T. Effect of cooking on the antioxidant
properties of coloured peppers. Food Chem. 2008;
111:20-28.
Daniel HD, Marten GM. Peach seed dormancy in
relation to endogenous inhibitors and applied growth
substances. J. Amer. Soc. Hort. Sci. 1972; 47:651-654.
Demiray E, Tulek Y, Yilmaz Y. Degradation kinetics of
lycopene, β carotene and ascorbic acid in tomatoes
during hot air drying. LWT-Food Sci. technol. 2013;
50:172-176.

12

International Journal of Entomology Research

16. Dorantes-Alvarez L, Jaramillo-Flores E, González K,
Martinez R, Parada L. Blanching peppers using
microwaves. Procedia Food Sci. 2011; 1:178-183.
17. Fairbairn DW, Olive PL, O'Neil L. The Comet Assay: a
comprehensive review. Mut. Res. 1995; 339:37-59.
18. FAO. Report of fourth session of the commission on
phytosanitary measures. Food and Agri. Org., Rome,
2009.
19. Hagstrum DW, Subramanyam BH. Stored-Product
Insect Resource. AACC International, Inc., St. Paul,
Minnesota, USA, 2009.
20. Haiyan DU, Zhijian S, Yang LI. Microwave-assisted
Extraction of Capsaicin from Chili Pepper Powder.
Adv. Mat. Res, 2013, 1591-1594.
21. Horvathvova J, Milan SJ, Peter S. Effect of thermal
treatment and storage on antioxidants activity of some
spices. J. Food Nutr. Res. 2007; 1(46):20-27.
22. Howard LR, Talcott ST, Brenes CH, Villalon B.
Changes in phytochemical and antioxidant activity of
selected pepper cultivars (Capsicum sp.) as influenced
by maturity. J. Agr. Food Chem. 2000; 48:1713-1720.
23. Hsia CL, Luh BS, Chichester CO. Anthocyanin in
freestone peaches. J. Food Sci. 1965; 30:5-12.
24. Jayaraman J. Laboratory Manual in Biochemistry.
Wiley Eastern Ltd., Chennai, India, 1985.
25. Jehane IE, Abdel-Fattah AA, Wesam TB, Akmal AE.
Evaluation of Genotoxicity of Lufenuron and
Chlorfluazuron Insecticides in Drosophila Melanogaster
Using a Germ-Line Cell Aneuploidy and Chromosomal
Aberrations Test. J. Adv. Agri.Env. Eng. 2017;
4(1):2349-1523.
26. Kameya H, Miyanoshita AT, Todoriki S. Assessment of
gamma ray-induced DNA damage in Lasioderma
serricorne using the comet assay. Rad. Phys. Chem.
2012; 81:316-321.
27. Man LV, Takahiro O, Shoji K, Yoshiki M, Akio T.
Effect of Different Drying Methods on Physical and
Chemical Attributes of Blanched Green Bell Pepper.
Food Sci. Technol. Res. 2014; 20(4):775-783.
28. Marin HY, Daood HG, Kapitany J, Biacs PA. Change
in the carotenoid and antioxidant content of apice red
pepper (paprika) as a function of ripening and some
technological factors. J. Agri. Food Chem. 2004;
47:100-107.
29. Marín-Huachacaa N, Delincéeb H, Mancini-Filho J,
Villavicencio ALCH. Use of the DNA Comet Assay to
detect beef meat treated by ionizing radiation. Meat
Science 71, 446–450. J. Agri. Food Chem. 2005;
47:100-107.
30. Maurya VK, Gothandam KM, Ranjan V, Shakya A,
Pareek S. Effect of drying methods (microwave
vacuum,freeze,hot air and sun drying)on physical,
chemical and nutritional attributes of five
pepper(Capsicum annumvar. annuum) cultivars. J. sci.
food agri. 2018; 98:3492-3500.
31. Merfort I, Wray V, Barakat HH, Hussen SAM, Nawwar
MAM, Willuhan G. Flavonol triglycerides from seeds
of Nigella sativa. Phytochem. 1997; 46(2):359-363.
32. Minas IS, Karaoglanidis GS, Manganaris GA,
Vasilakakis M. Effect of ozone application during cold
storage of kiwifruit on the development of stem-end rot
caused by Botrytis cinerea.Post. Biol. Technol. 2010;
58(3):203-210.

33. Nelson SO. Review and assessment of radio-frequency
and microwave energy for stored-grain insect control.
Trans. American Soci. Agri. Eng. 1996; 39(4):14751484.
34. Okonogi S, Duangrat C, Anuchpreeda S,
Tachakittirungrod
S,
Chowwanapoonpohn
S.
Comparison of antioxidant capacities and cytotoxicities
of certain fruit peels. Food Chem. 2007; 103:839-846.
35. Östling O, Johanson KJ. Micro electrophoretic study of
radiation-induced DNA damages in individual
mammalian cells. Biochem.Biophys. Res. Communi.
1984; 123:291-298.
36. Pandır D, Güven E. Effect of microwave radiation on
stored product pest Ephestia kuehniella Zeller
(Lepidoptera: Pyralidae) larvae Turk. J. Entomol. derg.
2014; 38:2.
37. Piovesan N, Viera VB, Mello R, de O, Santos RCV.
dos., Vaucher, R. de A., Dressler, V.L., Bizzi, C. A. and
Fries, L. L. M. Microwave-assisted extraction of
bioactive compounds from blueberry (Vacciniumashei
Reade) and their antioxidant and antimicrobial capacity.
International Food Res. J. 2017; 24(6): 2526-2533.
38. Samia MA. Effect of Sterilization on some medicinal
plants in Egypt and Morocco. Ph.D. Thesis, African
Studies in Natural Resources (Plant Resources) Cairo
Univ Egypt. 2013; 25:71.
39. Saric M, Kastrori R, Curie R, Cupina T, Gerie I.
Chlorophyll Determination. Univ. Unoven Sadu
Parktikum is fiziologize Bibjoke, Beagard, Hauncna,
Anjiga, 1967, 215.
40. Shamsa F, Monsef H, Ghamooshi R, Verdian-rizi M.
Spectrophotometric determination of total alkaloids in
some Iranian medicinal plants. Thai J. Pharm. Sci.
2008; 32:17-20.
41. Shayesteh N, Barthakur NN. Mortality and behavior of
two stored-product insect species during microwave
irradiation. J. Stored Products Res. 1996; 32(3):239246.
42. Shotorbani NV, Rashid J, Reza H. Antioxidant
activities of two sweet pepper Capsicum annuum L.
varieties phenolic extracts and the effects of thermal
treatment. Avicenna J. Phytomedicine. 2012; 3(1):2534.
43. Singh NP, McCoy MT, Tice RR, Schneider EL. A
simple technique for quantitation of low levels of DNA
damage in individual cells. Exp. Cell Res. 1988;
175(1):184-191.
44. Singh R, Singh KK, Kotwaliwale N. Study on
disinfestation of pulses using microwave technique; J.
Food Sci. Technol. 2012; 49(4):505-509.
45. Stalikas CD. Extraction, separation, and detection
methods for phenolic acids and flavonoids. J.
Separation Sci. 2007; 30(18):3268-3295.
46. Tice RR, Agurell E, Anderson D, Burlinson B,
Hartmann A, Kobayashi H, et al. Single cell gel/comet
assay: guidelines for in vitro and in vivo genetic
toxicology testing. Enviro. Mole. Muta. 2000;
35(3):206-221.
47. Wi S, Chung B, Kim J, Baek M, Yang D, Lee J, Kim J.
Ultrastructure change of cell organelles in Arabidopsis
stem after gamma irradiation. J. plant boil. 2005;
48(2):195-200.

13

International Journal of Entomology Research

48. Woisky RG, Salatino A. Analysis of Propolis: Some
Parameters and Procedures for Chemical Quality
Control. J. Agri. Res. 1998; 37:99-105.
49. Zettler JL, Keever DW. Phosphine resistance in
cigarette beetle (Coleoptera: Anobiidae) associated with
tobacco storage in the south eastern United States. J.
Econ. Entomol. 1994; 87:546-550.
50. Zhanggui Q, Xia W, Gang D, Xiaoping Y, Xuechao H,
Deke X, Xingwen L. Investigation of the use of ozone
fumigation to control several species of stored grain
insects. In: Credland, P.F., Armitage, D.M., Bell, C.H.,
Cogan, P.M., Highley, E. (Eds,), Advances in Stored
Product Protection, Proceedings of the Eighth
International Working Conference on Stored Products
Protection. York, UK, 22–26 July, CAB International,
Wallingford, Oxon, UK, 2002-2003; 617–621.

14

