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Abstract: Stegobium paniceum is known as a stored product pest living in many types of dry stored food
products. Microwave and ozone treatments are established techniques for controlling insects and effective of
replacing other techniques because of pollution free environment and safe for food. Physiological processes
of insects are influenced by microwave radiation and ozone treatment. The present work aimed to assess the
effect of microwave radiation and ozone on the biochemical changes like protein profile using SDS
electrophoresis and enzymes (phenoloxidase and lysozyme) activity on S. panicrum insects as a safe ways for
control of stored product pests There are different protein bands with small molecular weight up regulated and
appeared and others down regulated and disappeared after treatment with different powers of microwave
radiation and ozone treatment. The innate immunity like phenoloxidase and lysozymes levels increase
significantly after low power (270 w for 40 seconds) of microwave exposure and decrease significantly after high
power (900 w for 20 seconds) of microwave exposure and ozone treatment. Also phenoloxidase and lysozymes
concentrations differentiate between males and females which indicate that different sexes have different
responses after microwave radiation and exposure. 
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INTRODUCTION treatment. Microwave radiation not just kills insects by

Stegobium paniceum is found worldwide commonly influences the generation of survivors. Microwave
known as the Drugstore Beetle or Biscuit Beetle. The radiation, with great vulnerability, can kill pests existing
beetles are known as a stored product pest living in many inside or outside grain kernels [3].
types of dry stored food products such as flour, bread, The physiological processes of insects are
breakfast cereals and other cereal products, beverage additionally contrarily influenced by microwave irradiation
concentrates, spices, biscuits, packet soups and drinks. [4]. The pests both inside and outside grain kernels could
The control of stored-product insects is vital if the nature be killed by Microwave irradiation [5] and damage DNA
of foodstuff is to be kept up. One of the real potential in cells [6]. Exposure to microwave energy causes
quarantine  treatment  techniques  are  microwave (MW) physical injuries in insects, which prompts a significant
energy and chemical fumigation like ozone. decrease in their propagation and survival. To date, a lot

Microwave quarantine technique appears to have an of research has been directed on the utilization of
awesome potential as an elective strategy for killing microwave irradiation to control pests in stored products
insects in stored grain in view of a few favourable [6-8].
circumstances, for example, the control of all Ozon gas might be a contrasting option to pesticides
developmental stages of storage pests, having no used in stored product, as it is exceptionally dangerous to
chemical residues on the food product, having negligible fungi, bacteria, viruses, protozoa and insects [9-11].
effect  on  the earth and giving fast warming [1- 3]. Insects Ozone leads to cell membranes damage of living
are probably not going to create protection from this organisms or activating cell death by oxidative stress [12].

the dielectric warm actuated inside them yet additionally
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The control of stored products insects using ozon gas 450 w for 25 seconds and for high power: 900 w for 20
considered as an attractive for several reasons: It may be seconds, these treatments repeated three times. Then, the
produced at the site of utilization; it self-decays to adult survivors were transferred to small glass jar (volume,
molecular oxygen [13- 15], which prevents the need to 0.250 L) which was sealed with the muslin and placed
store and discard risky chemicals; there is no requirement under laboratory conditions (30±2°C, 75±5% r.h.).
for air circulation to evacuate the gas after application [9];
and it is order as “GRAS” (Generally Recognized As Safe) Insect’s  Treatment  with  Ozone:  Batches  of   15  pairs
by the United States Environmental Protection Agency (1-2 days old of S. paniceum adults) and 100 g cumin
(USEPA) [9]. In spite of the fact that there is learning of seeds were placed into the each bag. The ozone gas was
ozone's potential as an insecticidal fumigant in the control allowed  to  pass  through the bag with concentration
of insect pests of stored-products, there is little data (2200 ppm) this concentration based on experiment results
about its utilization for insect control within a column of under  publishing  this  treatment repeated three times.
grains or its impact on the development of insect The  treated  adult  was  placed  in  small  glass jar
populations that are exposed to different lethal times. (volume, 0.250 L and placed under laboratory conditions

The immune responses of insects are humeral (30±2°C, 75±5% r.h.).
response and cellular response. The humeral response
contains anti-microbial peptide production. But the Sample Preparation for SDS-PAGE: Three groups of
cellular responses like phagocytosis and moralization in living male and female adults of S. Paniceum were
insects. Phenoloxidase (PO) enzymes are humeral prepared. This first group was treated with different
response and is found as its inactive zymogene form, powers of microwave radiation (High, Medium and low
prophenoloxidase (Propo) [16-18] which present in the powers), the second group was treated with ozone gas
heniol  group,  in  plasma  and  in  hemolytic  cells [19]. and the third without any treatment considered as control.
The major function of PO in melanogenic as a fast immune One gram of each group was homogenized in 1 ml of
response is to convert phenols to quinones, which then saline solution using Teflon in glass homogenizer. The
polymerize to form melanin [20]. The humoral response in body extract was centrifuged at 12, 000 rpm for 15 min at
insect like antimicrobial protein Lysozyme. Lysozymes are 4°C, using Kubota cooling high speed centrifuge.
glycoside hydrolases muramidase activities that
hydrolyzes cell walls by hydrolyzing the B1-4 glycoside SDS-Polyacrylamide Gel Electrophoresis: SDS-PAGE
between the N-acetyl muramic acid and the N-amine was performed in a slab gel apparatus utilizing the
residues in peptidoglycan [19, 21]. discontinuous system described by [22]. Two hundred

The present work assessed the effect of microwave and  fifty  µg  total  protein  of each sample (diluted 1:1
radiation and ozone on the biochemical changes like (vol: vol) with treatment buffer and boiled in water bath
protein profile and enzymes activity on S. panicrum for 2.5 minutes) were loaded with a drop of tracking dye in
insects as a safe ways for control of stored product pests. each lane. Similarly protein marker was loaded on the gel

MATERIALS AND METHODS volt and 30 mA, the gels were stained for 0.5 h in COBB

Insect Cultures: Stocks of the insect used in these distaining solution. The gels were scanned, using the
experiments, Drugstore Beetle S. paniceum were densitometric  scanner  by which the relative
maintained at stored grain and product pests Department, concentration  and  Mwt values of each characteristic
Plant Protection Research Institute, whereas they were band can be deduced using protein molecular weight
reared at 28 ±2°C and 65 ±5 R.H. on red pepper for at least marker (5-75 kDa).
two months. 

Insect’s Treatment with Microwave: Batches of 15 was determined according to modification of [23] in a
individuals (1-2 days old of S. paniceum males and reaction mixture consisting of a 0.5ml phosphate buffer
females adults separately) were placed in petri dishes (0.1 M.PH 7). 200 ml enzyme solution and 200 ml catechol
containing 10 g red pepper. The adult samples (males and solution (2%). Prior to imitation of the reaction, the
females) were exposed to differentmicrowave power levels substrate and other ingredients of the reaction mixture
for low power: 270 w for 40 seconds, for medium power: were separately incubated at the optimum temperature of

beside the samples. Electrophoresis was running at 80

stain and excess dye was removed by placing the gel in

Assay of Phenoloxidase Activity: Phenol oxidase activity
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the reaction (25°C). Enzyme reaction was imitated by proteins of male adult S. paniceum exposed for high
adding catechol solution. Then after exactly 1 min, the microwave radiation showed that expression of protein
optical density was determined. Zero adjustment was bands, Mw.21 and 17 KDa while the protein bands, Mw.5
against. and  6  KDa  disappeared (Figure 1 (lane 3)). There are

Assay of Lysozyme Concentration: The lysozyme activity S. paniceum after exposure to high microwave radiation
was determined using the turbidity method according to showed appearance of protein bands, Mw. 17, 6 KDa and
[24] with slight modifications. The reaction mixture was disappearance of protein bands, Mw. 21, 18, 5 KDa
formed of suspension of 0.5 mg/ml of heat killed (Figure 1 (lane 4)). The medium microwave radiation
Micrococcus lysodeikiticus (Sigma) in 10 mM sodium exposure  of  male adult S. paniceum has inducing effect
phosphate buffer (PH6), added to 100ml insect by expression of new protein bands, Mw. 23, 21, 14 KDa
homogenate. Incubate for 30 min at 37°C. The reaction and  also  showed  disappearance  of proteins with Mw.
was stopped by the addition of 0.3ml 0.5M sodium 18  and  5 KDa   (Figure  1  (lane  5)). Also in female adult
Carbonate  and  the  absorbance  was  read   at  450nm. S. paniceum after exposure to medium microwave
One unit of enzyme activity is defined as the amount of radiation showed appearance of protein bands, Mw. 20, 14
enzyme that decrease the absorbance reading at rate of and 6 KDa and the protein bands, Mw. 18, 11, 5 KDa were
0.001 absorbance units/mn/ml sample in one ml of the disappeared (Figure 1 (lane 6)).The proteins of the whole
reaction described. body tissue of male adult S. paniceum after low

RESULTS protein bands, Mw 22, 14 and 9 KDa and disappearance

Effect of Microwave Radiation on Male and Female Adults other hand, the low microwave radiation exposure of
Proteins: The results of the electrophoretic separation of female adult S. paniceum revealed that, induction of new
the proteins revealed several protein bands from set of proteins as in bands, 15, 14 and 9 KDa and the
homogenate  samples  of  treated  and  control  adults  of protein bands, Mw.11 and 5 KDa disappeared (Figure 1
S. paniceum. The SDS-PAGE analysis of the whole body (lane 8)).

high  variation  in  protein  bands  occurs  in  female  adult

microwave radiation exposure revealed appearance of

of bands, Mw 41, 18 and 11 KDa (Figure 1 (lane 7)). On the

Fig. 1: SDS-PAGE of whole body tissue protein bands of male and female adults of S. paniceum under normal and
microwave radiation exposure conditions. Lane M: Mw. marker; Lane 1, 2: normal male and female adults
respectively; Lane 3, 4: high power microwave radiation male and female adults respectively; Lane 5, 6: medium
power microwave radiation male and female adults respectively; Lane 7, 8: low power microwave radiation male
and female adults respectively.
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Fig. 2: SDS-PAGE of whole body tissue protein bands of male and female adults of S. paniceum under normal and
microwave radiation exposure conditions. Lane M: Mw. marker; Lane 1, 2: normal male and female adults
respectively; Lane 3, 4: ozone male and female adults respectively.

Fig. 3: Phenoloxidases concentration in male and female adults of S. paniceum control and treated with different powers
of microwave radiation. Column 1, 2: normal male and female adults respectively; Column 3, 4: high power
microwave radiation male and female adults respectively; Column 5, 6: medium power microwave radiation male
and female adults respectively; Column 7, 8: low power microwave radiation male and female adults respectively
* Significant from the control p < 0.05 (t test).

Fig. 4: Phenoloxidases concentration in male and female adults of S. paniceum control and treated with different powers
of microwave radiation. Column 1, 2: normal male and female adults respectively; Column 3, 4: Ozon male and
female adults respectively
 * Significant from the control p < 0.05 (t test).
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Fig. 5: Lysozyme concentration in male and female adults of S. paniceum control and treated with different powers of
microwave radiation. Column 1, 2: normal male and female adults respectively; Column 3, 4: high power microwave
radiation male and female adults respectively; Column 5, 6: medium power microwave radiation male and female
adults respectively; Column 7, 8: low power microwave radiation male and female adults respectively 
* Significant from the control p < 0.05 (t test).

Fig. 6: Lysozyme concentration in male and female adults of S. paniceum control and treated with different powers of
microwave radiation. Column 1, 2: normal male and female adults respectively; Column 3, 4: ozone male and female
adults respectively
* Significant from the control p < 0.05 (t test).

Effect  Ozone  on  Male  and  Female  Adults Proteins: S. paniceum treated with medium power of microwave
The  analysis  of  the  whole  body proteins of male adult than control insects using t-test. There is also a
S. paniceum separated by electrophoresis, after ozon significance decrement in PO’s concentration male adults
exposure   revealed   induction  of  protein band with Mw. after ozone exposure than the control insects using t-test
14 KDa and inhibition of protein band with Mw. 18 and 5 (Fig. 4). 
KDa (Figure 2 ( lane 3)). Figure 2 ( lane 4) showed that, the Assay  of  lysozyme  activity: Lysozymes levels
appearance of protein bands with Mw. 20, 14 and 6 KDa record a significant increase in male and female adults of
and disappearance of protein bands with Mw. 21, 19, 18 S. paniceum treated with low power of microwave
and 5 KDa in female adult S. paniceum after ozon radiation  than  the  control  ones.  Only male adults
exposure. treated with medium power of microwave radiation

Assay  of  Phenoloxidase  Activity:  The result of PO’s but there is no significant increment in both male and
(Fig. 3) showed that there is a significant increase in the female adult insects after high power of microwave
female adults of S. paniceum treated with low power of radiation exposure using t-test (Fig. 5). The effect of
microwave radiation than the control but the opposite ozone  on  lysozymes  concentration  in  male   adults  of
results occur in female adults after high power of S. paniceum was significant decrement but was
microwave radiation exposure. There was a clear significant increment in female adults than control insects
significant  decrement   in   male   and   female  adults  of using t-test (Fig. 6).

recorded a significant decrement than the control insects
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DISCUSSION metabolism of ozone to diatomic oxygen, reactive oxygen

There is an earnest need to create protected, the peroxidation of polyunsaturated fatty acids, causing
successful and helpful elective techniques that can destruction of critical molecules, like proteins and DNA
possibly supplant dangerous fumigants [25]. Thus, [35, 36]. So, these effects, either alone or together, may
elective techniques are expected to enhance strategies for cause cell damage, growth rate decrement and insects’
pest control [26]. Control of stored product pests using of death that are exposed to ozone gas [36]. 
high power microwaves has insecticidal impact, but it also Phenoloxidase (PO) enzymes are considered an
the quality of food affected [6]. Low power microwave innate immune response; as a humeral response. They
radiation has little effect on food quality [27, 28]. There also play an important role in pigmentation of tissue [16].
were different powers of microwave radiation used on In the present study, there is a significant increase in the
stored products pest of Ephestia kuehniella larvae [29]. female adults of S. paniceum treated with low power of
The insects were randomly distributed in the medium and microwave radiation than the control but the opposite
affected by microwave radiation as direct absorption of results occur in female adults after high power of
microwaves or the produced heat of microwave radiation. microwave radiation exposure which means that
The direct absorption of microwaves has the principle microwave radiation have a potential role in the insects’
impact on insects because of the produced heat due to immunity stimulation at low power but at high power of
the high frequency oscillation of the dielectric molecules radiation may be deactivation of the enzymes due to the
like water in the body fluid of the insects [30]. produced heat of high power of radiation. Also there is a

There are different effects of irradiation on insects significance decrement in PO’s concentration male adults
depending on different factors like the species, stage and after ozone exposure than the control insects which
dose [31]. There are no much studies on the effects of means that ozone may be have a significant role in the
microwave applications on insects and radiation affects insects’ immunity inhibition.
insects at the cellular level. The dividing cells are very Also another humeral defense in insect immune
sensitive to radiation so that newly-hatched larvae are system is Lysozyme which considered as antimicrobial
more susceptible to radiation than the adult stage [32]. protein. Mainly this lysozyme activity was initiated by
The effects of microwave radiation on S. paniceum of infection  of  bacteria  [37].  However,  our  study  record
mortality ratio, protein profile and immune system activity a significant  increase  in  male   and   female   adults   of
are largely unknown and there is no evidence of different S. paniceum treated with low power of microwave
powers of toxic effects of microwave radiation exposure in radiation than the control ones. Only male adults treated
different times. with medium power of microwave radiation recorded a

In this study, the results of the electrophoretic significant decrement than the control insects but there is
separation of the proteins showed that expression of new no significant increment in both male and female adult
protein bands and disappearance of other protein bands. insects after high power of microwave radiation exposure.
Microwave radiation exposure increased sclerotisation, These results may be the effect of one component of the
melanisation, partial sterilization decrease mobility, defense action of the immune response (PO’s) which may
dehydration. The mechanisms of microwave irradiation cause changes in other components (lysozyme). A lot of
could be as a result of high oscillation frequency of water previous studies stated a negative correlation between
molecules in the insects’ bodies. Microwave heating lysozymes concentrations and the cellular response [38]
resulting from transformation of converting to mention an opinion that individual- level responses in
electromagnetic ?eld energy into thermal energy by one component causes an effect on other components of
affecting the material’s polar molecules, so it can kill the immunity. On the other side, ‘Some studies’ found
insects at lower temperatures [33, 34]. Hence temperature positive relations between the lysozyme activity and PO.
increment may be involved in the up-regulation of heat The  effect  of  ozone  on  lysozymes  concentration in
shock protein (hsp) expression levels [34]. Also after male adults of S. paniceum was significant decrement.
ozone exposure of insects, the protein profile changed This result may be due to that ozone is not just used to
and affected by ozone compared to control insects which control insect pests of stored products, yet in addition to
means that ozone may be play a significant role in the inactivate  microorganisms.  So  lysozyme  level affected
insects’ proteins up and down regulation. During the by  microorganisms’  inactivation.  They  found  that  after

species may be formed free radicals. Also, O  may lead to3
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one-hour treatment of ozone at 5 ppm can significantly 7. Vadivambal, R., D.S. Jayas and N.D.G. White, 2008.
decrease microbial populations related with fresh date Determination of mortality of different life stages of
fruits [39]. So we can consider that microwave radiation Tribolium castaneum (Coleoptera: Tenebrionidae) in
and ozone have a significant role in influencing of stored barley using microwaves. Journal of Economic
immunity  system.  Although  the  previous knowledge Entomology, 101: 1011-1021.
that the innate immune response of insects was known by 8. Valizadegan, O., A.A. Pourmirza and M.H.
the no specificity, the earlier and new researches have Safaralizadeh, 2009. Combination of microwave
stated that the immune response of insects became radiation and cold storage for control of
stronger than before [40]. Therefore, the different powers Oryzalephilus surinamensis (L.) (Col. Silvanidae).
of microwave radiation  and   ozone  could be used for Journal of Biological Sciences, 9: 231-236.
safe controlling S. paniceum larvae according to our 9. Isikber, A.A. and C.G. Athanassiou, 2015. The use of
study results. ozone   gas for   the   control    of   insects  and

In conclusion, using of safe techniques like micro-organisms in stored products. Journal of
microwave radiation and chemical fumigation like ozone Stored Products Research, 64: 139-145.
have significant effect and changes in proteins and 10. Kells,    S.A.,     L.J.     Mason,    D.E. Maier   and
immunity like phenol oxidase and lysozyme levels . C.P. Woloshuk, 2001. Efficacy and fumigation
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