
 

  Citation: Egypt. Acad. J. Biolog. Sci. (F. Toxicology & Pest control) Vol. 11(3) pp. 92- 63 (2019) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The journal of Toxicology and pest control is one of the series issued twice by the Egyptian 

Academic Journal of Biological Sciences, and is devoted to publication of original papers  

related to the interaction between insects and their environment. 

     The goal of the journal is to advance the scientific understanding of mechanisms of toxicity. 

Emphasis will be placed on toxic effects observed at relevant exposures, which have direct 

impact on safety evaluation and risk assessment. The journal therefore welcomes papers on 

biology ranging from molecular and cell biology, biochemistry and physiology to ecology and 

environment, also systematics, microbiology, toxicology, hydrobiology, radiobiology and 

biotechnology. 

www.eajbs.eg.net 

Provided for non-commercial research and education use. 

Not for reproduction, distribution or commercial use. 
 

Vol. 11    No. 3 (2019) 

 

http://www.eajbs.eg.net/


 

  Citation: Egypt. Acad. J. Biolog. Sci. (F. Toxicology & Pest control) Vol. 11(3) pp. 92- 63 (2019) 

 

Egypt. Acad. J. Biolog. Sci., 11(3): 29-36 (2019) 

Egyptian Academic Journal of Biological Sciences 

F. Toxicology & Pest Control 

ISSN: 2090 - 0791 

http://eajbsf.journals.ekb.eg/ 

 

 

 

Biological Studies on the Effect of Gamma Radiation and Thermal Treatment on 

the Angoumois Grain Moth, Sitotroga cerealella (Olivier) 
 

Waheed A.A. Sayed1, Naglaa, F. Abdel-Hameid2 Mehany, A. L3, and El-Zoghby, I.R.4 

1-Biological Applications Dept., Nuclear Research Center, Atomic Energy Authority, 

Cairo, Egypt. 

2-Plant Protection Dept., Faculty of Agriculture, Benha Univ., Egypt. 

3-Plant Research Dept., Nuclear Research Center, Atomic Energy Authority, Cairo, 

Egypt 

4-Plant Prot. Dept., Faculty of Agric. and Natural Resources, Aswan Univ., Aswan, 

Egypt Giza, Egypt 

E-mail: waheed.sayed@eaea.org.eg 
 

ARTICLE INFO ABSTRACT 

Article History 

Received:8 /9/2019 

Accepted:1/10/2019  

------------------------ 

Keywords: 

Stored product, 

disinfestation, lethal 

doses, combination 

treatments 

 

         Gamma radiation and heat treatments are considered 

promising techniques for disinfestation treatments against 

stored product pests. This study aimed to evaluate the effects of 

thermal treatment with 40, 50, 70 and 90°C and different doses 

of gamma radiation from 40 to 350 Gy on Sitotroga cerealella 

stages. The result demonstrated that the LD50 of gamma-

irradiation was 57.7, 61.9 and 74.0 Gy in irradiated eggs, pupae, 

and larvae, respectively. Concomitantly, the complete mortality 

(100 %) of heat treatment was recorded at 40°C, while the 90°C 

caused 100 % mortality to larva and egg stages. The results 

indicated that the egg stage is highly sensitive to irradiation 

doses than larvae and pupal stages, while the pupal stage is 

highly sensitive to the heat treatments than eggs and larval 

stages. Consequently, treatment with low doses 80 Gy and low 

heat condition 40°C was more effective than the other 

combination treatments. The results suggested that 80 Gy & 

40°C was an effective treatment to prevent the reproduction of 

S. cerealella and could use for managing this pest with was the 

environment. 
 

           INTRODUCTION 
 

           The Angoumois grain moth, Sitotroga cerealella (Lepidoptera Gelechiidae is one 

of the serious pests of maize, rice and wheat grains in tropical and subtropical regions 

(Hansen et al., 2004; Demissiea et al., 2014). This pest can infest the grains during the 

developmental stages in the field and also in the stores after harvesting (Villacis et al., 

1972). The use of environment-friendly control methods is urgently needed for successful 

integrated this pest whereas the synthetic insecticides are mostly harmful to mammals 

and natural enemies such as methyl bromide, which has been widely used for stored-
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product pest control and as quarantine treatment (Arbogast, 1981; Chaudhr, 1997). 

Moreover, insect pests like S. cerealella develop resistance to chemical pesticides (Ross, 

1999; Heather and Hallman, 2008). Gamma irradiation is considered one of the 

successful control methods against various insect pest and also it was recommended as an 

effective technique against stored product insects (Ayvaz and Tuncbilek, 2006). it is 

widely used as disinfestation treatment in many regions. The use of irradiation treatments 

as disinfestation treatment depends on kill or inhibit the development of immature stages 

in irradiated products   (Ayvaz and Yilmaz, 2015; Hassan et al., 2019).  It has many 

advantages whereas able to deeply penetrate pallet loads of products, no development of 

insect resistance and no residue in irradiated food with low doses treatments (El-Naggar 

and Mikhaiel, 2011; Ayvaz and Tuncbilek, 2006; Hallman 2013 ). In the case of insect 

species that require high doses of radiation to prevent its reproduction, the combination 

treatment with other control techniques could be more pronounced than use one of them 

(Sayed and El-Helaly 2018). The extreme temperatures have been recommended as 

disinfestation treatments of stored product pests and could use as an effective 

supplementary control technique to gamma irradiation as an alternative to pesticides in 

grain storage for managing stored-product insect pests as ecologically based technique 

(Al-Zahaby et al., 1997 & Opit et al., 2011 ). The temperature degree that case complete 

insect mortality is varied by the type of stored product insect, insect stage and the time of 

treatment, so, it is important to identify the insect species and know their characteristics 

before establishing the heat application (Campolo et al., 2013). The high degree of 

heating may cause a negative impact on commodities quality, while. The low degree may 

result insect survival after treatment (Dowdy and fields 2002). The use of other 

techniques as combination treatments with heat may help for increasing the efficacy of 

control method allowing success stored product insect management (Dowdy, 1999; 

Fields and White, 2002).  Therefore, this investigation aimed to determine the effective 

combination treatment of gamma irradiation and heat temperature against S. cerealella as 

friendly control method.  

 

              MATERIALS AND METHODS 
 

S. cerealella Rearing:   

        Laboratory stock cultures of S. cerealella were reared and maintained in Biological 

Applications Department reared at 261°C and 85 5% R.H. The male and female moths 

were transferred into adult rearing jars; each jar contained a black zigzag paper as an 

oviposition site and was covered with muslin fixed with a rubber band. Each tape 

containing egg was kept separately Petri dishes on black paper circles. Newly hatched 

progeny from each treatment were kept in groups of 100 larvae in a glass jar (120 ml) 

provided with wheat kernels as rearing media rearing  until pupation and emergence,  

Gamma Irradiation Treatment: 

         Five replications of five hundred eggs were placed in plastic cups provided with 50 

gm wheat kernels media were irradiated at different doses 0, 40, 60.80, 100 and 120 Gy) 

were placed in glass jars provided with wheat kernels media to record the hatching 

percentage. While, the larvae   were collected from the culture according to Abdel-

Hameid, (2018) and selected (five replicates with five hundred larvae per each) and 

placed in plastic cups provided with 50 gm wheat kernels media and irradiated with four 

sterilizing doses 200,250,300and 350Gy, the irradiated larvae were placed in glass jars 

provided with wheat kernels media until pupae. The same doses were applied in the pupal 

stage, the pupae were separated and selected from the culture following (Akter (2013), 

five replicates with five hundred pupae per each were placed in plastic petri dishes 
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provided with 50 gm wheat media. The irradiated pupae were placed in glass jars 

provided with wheat media till emergence. The irradiation treatments were carried out by 

60 Co-irradiator located at Cyclotron Project-Nuclear Research Center, Atomic Energy 

Authority, Cairo, Egypt, with the dose rate of 0.55 Gy/s. 

Heat Treatment: 

        The groups of eggs, larvae, and pupae (five replicates with five hundred per each) 

were placed in glass jars supplied with 100 gm wheat media and subjected to thermal 

treatment for 30 min in incubators adjusted at 40, 50, 70°C and 90°C. Similar numbers of 

insect stages were kept at 26 1°C as control. After thermal treatment, the treated insect 

egg, larvae, and pupae) were transferred and kept to 261°C and 705% R.H. The 

mortality percentages were calculated in each treatment. 

Combination Treatments: 

         The sub-lethal doses 40 and 80 Gy of gamma radiation were carried out before heat 

conditioning at two different treatments 40, 50°C. Five replicates with five hundred per 

each were conducted in eggs, larvae, and pupae which treated with four different 

combination treatments, 40 Gy & 40 C°, 40 Gy & 50 C°, 80 Gy & 40 C° and 80 Gy & 50 C°.  

Statistical Analysis: 

         Dose-mortality regressions were calculated to determine the effective dose of 

gamma radiation for disinfestation treatment. Finney (1971) calculated slope and LD50s 

and LD 98 values according to the method Described. The data were analyzed using an 

ANOVA analysis technique and the mean separation was determined by Tukeys 

multiple-range test at P <0.005 (Steel and Torrie 1960).  

                   RESULTS AND DISCUSSION  

 

Effect of Gamma Radiation on S. Cerealella Eggs, Larvae And Pupae:  
         Data in Figure (1) showed that the mortality percentages of S. Cerealella eggs, 

larvae and pupae were increased gradually by increasing the applied doses of gamma 

radiation. The highest percentage (96.1 and 100%) were recorded by exposure eggs to the 

dose rates of gamma radiation 100 and 120 Gy, while the percentage of mortality was 

reached to 100 % at the dose rates 200 and 350 Gy of irradiated pupae and larvae, 

respectively. All effects of irradiation rats on egg mortality were significant; the same 

statistical data were obtained in the case of larval and pupal mortalities.  

       The results indicated that the larvae were more tolerant of gamma radiation than eggs 

and pupae. The LD50 of larvae pupae and eggs was recorded 75.7, 61.9 and 74.04 at 

irradiated egg, pupae, and larvae, respectively, while the LD98 was   109.6, 147.8 and 

165.9 at irradiated egg, pupae and larvae, respectively (Fig 2). Similarly, Younes and 

Ahmed (2007) found that the lethal gamma irradiation dose of O. surinamensis eggs was 

80 Gy. While Zolfagharieh (2002) reported that the dose of 150 Gy was prevented the de-

velopment of irradiated O. surinamensis larvae to adults. These results are contradicted 

with Abd El-Aziz et al., (2017) who found that the pupae and larvae were more sensitive 

to gamma radiation than eggs. These differences may be related to different rearing 

media and insect strains. The lethal gamma irradiation dose recommended by various 

researches that could be used in disinfestation treatment against stored product insects 

was varied by the different insect developmental stages and also by different species. 

       It is recommended that all stored product pests required a dose of 500 Gy to prevent 

their reproduction (Tilton, 1974; FAO, 2003). However, Hallman (2013) reported that the 

effective dose to prevent the production of Indian meal moth P. interpunctella was 600 

Gy which is more tolerant than other insect species 
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Fig (1): Mortality percentages of eggs, larvae, and adults of S. cerealella irradiated with   

different doses of gamma radiation 
 

 
Fig (2): Mortality response of eggs (A), larvae (B) and adults (C) of S. cerealella 

irradiated with different doses of gamma radiation 

 

Effect of Heat Condiations on S. Cerealella Eggs, Larvae and Pupae:  
         The data in Figure (3) showed that the S. cerealella pupae were more sensitive to 

heat treatment than eggs and larvae, the mortality percentage of pupae was 100 % at 

40Co, while, the 100 % mortality was recorded at 90 Co in treated larvae and eggs.  

Our results agree with those found by Evans (1981) who reported that the treatment 80°C 

for 4 minutes is adequate to disinfest 10 kg batches of wheat with all life stages of S. 

cerealella . Moreover, satisfactory results were noticed by the heat treatment (80°C to 

100°C) for disinfestation of wheat against stored pest (Hallman et al., 1994; Piyasena et 

al., 2003; Banks, 1998).   
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Fig (3): Mortality percentages of eggs, larvae, and adults of S. cerealella espoused to 

different temperature degrees. 

 

The Combined Effect of Gamma Radiation and Heat Treatments on S.    cerealella 

Stages : 

           Most of the stored products are very sensitive to heat treatments wheatears quality 

deterioration may be caused by the high temperature applied. Moreover, our results on 

the disinfestation treatment by gamma irradiation indicated that the larvae were required 

high doses that may also cause some of deleterious effects on food products. In this case 

the results of Fig (4) showed the effect of using low heat treatments 40 and 50 °C with 

low gamma radiation doses 40 and 80 Gy for disinfestation treatment against S. 

cerealella. 

 
Fig (4): Mortality percentages of eggs, larvae, and adults of S. cerealella treated with the 

combinations of gamma radiation doses (40 and 80 Gy) and temperature degrees 

(40 and 50 C°)   

 

       The obtained results revealed that the combination treatment 80 Gy & 50C° 
caused 100 % mortality of all insect stages as compared with the other 
combination treatments. The obtained results agree with Abd Elghffar et al (2012) 
who found that the combinations thermal and gamma irradiation treatments 
decreased the fecundity, fertility, pupation and adult emergence of Ephestia 
cautella.  
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Conclusion 
         Both gamma radiation and heat temperature could use as alternate 
techniques for stored product management as disinfestation treatments in 
replacing to chemical pesticides. The combination treatment of (gamma radiation 
and heat) was carried out in this research on S. cerealella pest. The combination 
of low doses 80 Gy and low degree 40°C was an effective treatment to prevent 
its reproduction and could use for integrated S. cerealella management. 
Acknowledgement  
         The authors wish to express their gratitude to associate professor Reda S. Hassan 

from the Egyptian Atomic Energy Authority for her technical support, proofreading and 

revising the manuscript. 
 

              REFERENCES 

 

Abd-Elghffar, M.M.; Magdia, A.M. Hazaa & Gad, H.A. (2012) Biological and 

Biochemical Studies on the Effect of Thermal and Gamma Radiation Treatment on 

the Almond Moth Ephestia cautella (Walker).  J. Rad. Res. Appl. Sci.,  5(4): 694. 

AbdEl-Aziz, E.A.; Hussain, B. H. & Zinhoum, A.R. (2017). Efficiency of gamma 

radiation and ozonation against Sitotroga cerealella stages 

(Gelechiidae:Lepidoptera) infesting stored wheat grains and their effect on wheat 

quality. Egypt. Acad. J. Biolog. Sci., 10(6): 143–152.  

Abdel-Hameid, N. F. (2018). New unit for mass-production of Sitotroga cerealella 

(Olivier) eggs for rearing the parasitoid Trichogramma used in insect pest 

control. Middle East J, 7(2), 730-436. 

Akter,T. (2013). “Effects of Temperature and Relative Humidity on The Angoumois 

Grain Moth, Sitotroga cerealella (Olivier) on Stored Rice Grain in Laboratory 

Condition.” International Journal of Agriculture and Crop Science 6 (11), 648-653. 

Al-Zahaby, A.S.; Abdel-Kawy, F.K.; El-Basheir, Z.M. & Mikhaiel, A.A. (1997) Effect of 

different degrees of temperature on gamma irradiated pupal stage of some stored 

product insects; Arab J. Nucl. Sci. Appl., 30, 107 

Arbogast, R.T. (1981). Mortality and reproduction of Ephestia cautella and Plodia 

interpunctella exposed as pupae to high temperatures. Environmental Entomology. 

10: 708-711. 

Ayvaz, A. ;  Albayrak, S & Karaborklu, S. (2008). Gamma radiation sensitivity of eggs, 

larvae and pupae of Indian meal moth Plodia interpunctella (Hubner) (Lepidoptera: 

Pyralidae). Pest Manage. Sci. 64: 505-512. 

Ayvaz, A. & Tuncbilek, A.S. (2006). Effects of gamma radiation on life stages of the 

Mediterranean flour moth Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae). 

Journal of Pesticide Science 79: 215–222. 

Ayvaz, A. & Yilmaz, S. (2015). Ionizing radiation disinfestation treatments against pest 

insects. In: Mitsuru, N. (Ed.), Evolution of Ionizing Radiation. Research.Tech, 

Rijeka, Croatia. 235-258. 

Banks, H. J. (1998). Prospects for heat disinfestation. In Stored Grain in Australia, 

Proceedings of the Australian Postharvest Technical Conference, eds. J. J. Banks, E. 

J. Wright, and K. A. Damcevski, 227-232. Canberra, Stored Grain Research 

Laboratory, CSIRO Entomology. Canberra, Australia. 

Campolo, O., Verdone, M., Laudani, F., Malacrinò, A., Chiera, E., & Palmeri, V. (2013). 

Response of four stored products insects to a structural heat treatment in a flour 

mill. Journal of stored products research, 54, 54-58 

Chaudhr, Y.M.Q. (1997). A review of the mechanisms involved in the action of 



Biological Studies on the Effect of Gamma Radiation and Thermal Treatment on the Angoumois Grain Moth 

 

35 

phosphine as an insecticide and phosphine resistance in stored product insects. 

Pesticide Science 49: 213–28. 

Demissiea, G., Rajamanib, S. & Ametac, O.P. (2014): Effect of Temperature and 

Relative Humidity on Development and Survival of Angoumois Grain Moth, 

Sitotroga cerealella (Olivier) (Lepidoptera: Gelechiidae) on Stored Maize. 

International Journal of Sciences: Basic and Applied Research 15: 9-21. 

Dowdy, A.K., (1999). Mortality of red flour beetle, Tribolium castaneum (Coleoptera:         

Tenebrionidae), exposed to high temperature and diatomaceous earth combination. 

         Journal of Stored Products Research 35, 175 -182. 

Dowdy, A.K. & Fields, P.G., (2002). Heat combined with diatomaceous earth to control          

the confused flour beetle (Coleoptera: Tenebrionidae) in a flour mill. Journal of 

Stored Products Research 38, 413-425. 

Evans, D. E. (1981). Thermal disinfestation. In Proc. of the Australian Development 

Assistance Course on Preservation of Stored Cereals, 503-514. Camberra, Australia. 

FAO, (2003). International Standards for Phytosanitary Measures No. 18. Guidelines for 

the use of irradiation as a phytosanitary measure. FAO, Rome, Italy.  

Fields, P.G. & White, N.D.G. (2002). Alternatives to methyl bromide treatments for  

stored-product and quarantine insects. Annual Review of Entomology 47, 331- 359. 

Finney DJ. (1971). Probit analysis. 3rd ed., Cambridge Univ., Cambridge U.K. 

Hallman, G. J., & J. L. Sharp. (1994). Radio frequency heat treatments. In Quarantine 

Treatments for Pests of Food Plants, eds. J. L. Sharp and G. J. Hallman, 165-170. 

San Francisco, Calif.: Westview Press 

Hallman, G.J. (2013). Control of stored product pests by ionizing radiation. Journal of 

Stored Products Research. 52: 36-41. 

Hansen, L.S., Skovgard, H. & Hell, K. (2004). Life Table Study of Sitotroga cerealella 

(Lepidoptera: Gelichiidae), a strain from West Africa. Journal of Economic 

Entomology 97: 1484-1490. 

Hassan, R. S., Mahmoud, E. A., Sileem, T. M., & Sayed, W. A. (2019). Evaluation of fast 

neutron irradiation as a new control method against the Indian meal moth, Plodia 

interpunctella (Hübner). Journal of Radiation Research and Applied Sciences, 

12(1), 24-30. 

Heather, N.W. & Hallman G.J. (2008). Pest Management and Phytosanitary Trade 

Barriers. CABI, Wallingford, U.K. 

El-Naggar, S.M. & Mikhaiel, A.A. (2011). Disinfestation of stored wheat grain and flour 

using gamma rays and microwave heating. Journal of Stored Products Research. 47 

(3):191-196. 

Opit, G.P., Arthur, F.H., Bonjour, E.L., Jones, C.L. & Phillips, T.W., (2011). Efficacy of 

heat treatment for disinfestation of concrete grain silos. Journal of Economic 

Entomology,104, 1415e1422. 

Piyasena, P., Ch. Dussault, T. Koutchma, H. S. Ramaswamy, & Awuah. G. B. (2003). 

Radio frequency heating of foods: Principles, applications and related properties - A 

review. Critical Reviews in Food Science and Nutrition 43(6): 587‐606. 

Ross, R. (1999): Current status of domestic and international controls for methyl bromide 

and the status alternatives. In: Moy, J.H., Wong, L. (Eds.), the Use of Irradiation as 

a Quarantine Treatment of Food and Agricultural Commodities. University of 

Hawaii, Manoa, pp. 4–10. 

Sayed, W. A. A. E., & El-Helaly, A. M. A. (2018). Effect of gamma irradiation on the 

susceptibility of the cotton leaf worm, Spodoptera littoralis (Boisd.)(Lepidoptera: 

Noctuidae) to the infection with nucleopolyhedrosis virus. Egyptian Journal of 

Biological Pest Control, 28(1), 73 



Waheed A.A. Sayed et al. 36 

Steel RGD & Torrie JH (1960). Principles and procedures of statistics. McGraw-Hill 

Book Company, New York, p 481 

Tilton, E.W., (1974). Achievements and limitations of ionizing radiation for stored-

product insect control. In: Proceedings of the 1st International Working Conference 

on Stored Product Entomology, Savannah, Georgia, pp. 354e361. 

Villacis, J. S. ;  Sosa ,C. M. & Ortega,A. C. (1972). “Comportamiento de Sitotroga 

cerealella Olivier (Lepid: Gelechiidae) en diez tipos de maiz con caracteristicas 

contrastantes.” Rev. Per. Entomol. 15: 153-163  

Younes M.W.F. &  Ahmed M.Y.Y. (2007). Effects of gamma irradiation on the egg stage 

of the saw-toothed grain beetle Oryzaephilus surinamensis L. (Col., Cucujidae). J. 

Appl. Entomol. 84 (1–4): 179–183. 

Zolfagharieh H.R. (2002). Irradiation to control Plodia interpunctella and Oryzaphillus 

surinamensis in pistacios and dates. p. 101–109. In: “Proceeding of a final research 

coordination meeting organized by the joint FAO/IAEA Division of Nuclear 

Techniques in Food and Agriculture”. Vienna, Austria. 

 

 

 


