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ABSTRACT

The pests as beetles, acarids, moths and mushrooms among other, usually infest products stored as: grains,
crumbs, flours, coffee, tobacco, dried fruits, animal feeds, spices and dehydrated plants, causing the visual
depreciation and promoting the deterioration of the products. The objective of this study was to use gamma
radiation of Cobalt-60 in the disinfestation of some types of commercial feeds used for animals of small size. In
the experiment, packages measuring 10 cm x 15 cm, with capacity of 30 grams of substrate with 4 types of
trademarks were irradiated with doses of: O (control) 0.5; 1.0 and 2.0 kGy. Each treatment had 10 repetitions,
infested with 10 insects for each package with the following species: Lasioderma serricorne, Plodia
interpuctella, Sitophilus zeamais and S. oryzae. After the irradiation, all the packages were maintained at
acclimatized room with 27 + 2°C and relative humidity of 70 + 5%. The number of insects and holes in all
packages were assessed after 60 days. The results showed that the dose of 0.5 kGy was sufficient to control all
the species of insects in the tested feeds.
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1. INTRODUCTION

Dry foods the basis of cereals and grain products are valuable because they present
appearance and taste characteristics. However, they are often contaminated with high levels
of bacteria, fungi and insects, which, if not controlled, can cause rapid deterioration of foods
and serious problems to consumers health [1]. Pests like beetles, mites, moths and fungi
usually infest stored products such as grains, bran, flour, coffee, tobacco, dried fruit, animal
feed, spices, dried plants, causing visual depreciation and promoting deterioration of the
products [2,3,4].

Some control measures are adopted to solve the caused damage and losses due to pests
such as good storage practices, monitoring of pests and chemical treatment, what in turn end
up causing some damage, plus the resistance of insects to the active ingredients of the
pesticide. Due to these problems, a need exists for more efficient methods of control at lower
cost. Food irradiation by numerous factors has been presented as the best solution to control
pests of grain and stored products [5,4,6,7].



The first use of ionizing radiation on insects was performed by [8] who irradiated with
x-ray Sitophilus oryzae, but the results were not satisfactory. The promising results were only
obtained by [9] who used X-rays to control Lasioderma serricorne, a pest stored of tobacco.
Since 1950, has been a breakthroughs in this type of radiation research. The discovery of
resistance of certain pests to chemicals, biological imbalance and toxicological problems
caused by these products, contributed to this advance. The irradiation of stored products can
solve these types of problems, since it does not allow the emergence of resistance [10] and
leaves no residues in products [4,6,7,11,12,13,14,15]. Therefore the objective of this study
was to use gamma radiation from Cobalt-60 for disinfestation of some types of products used
for feeding small animals

2. MATERIAL AND METHODS

In the experiment, packaging was performed according to the methodology described
by [16, 17]. Each package was made with a plastic sealer with the size of 10cm x 15c¢m, with
a capacity of 30 grams of substrate (feed) per bag for all trademarks tested (1),(2),(3) and (4).
Each treatment consisted of 10 replications and in each replication were inoculated 10 insects
of each species, L. serricorne, P. interpuctella and S. zeamais and S. oryzae, a total of 400
insects in the experiment. The packaging with substrate and insect were sealed in a
commercial sealing, and then irradiated in a source of Cobalt-60, type Gammacell-220, dose
rate of 0.456 kGy/h., with doses of 0 (control) 0.5; 1.0 and 2.0 kGy. After irradiation, all
packaging and control group were kept in a room with 27 + 2 ° C and relative humidity of 70
+ 5%. After 60 days of the irradiation evaluations of insects were made inside in each
package and then determining the sterilizing or lethal dose for each species of insect. The
treatments were assigned completely at random in a 4x1 design (4 treatments and 1 sampling
time) with 10 repetitions. The results of the evaluations were submitted to analysis of
variance by F test, and the comparison of averages by the Tukey test at 5% using the
statistical software SAS (Statistical Analysis System, 1989)

3. RESULTS AND DISCUSSION

Listed in Tables 1, 2, 3, and 4, the results with the feed types 1, 2, 3 and 4, with four
types of packages that have been artificially infested with all species of insects and sealed
according to [16,17] methodology. Subsequently, they were irradiated with increasing doses
of gamma radiation from Cobalt-60, and evaluated 60 days after irradiation. The period was
closen so that each insect species to complete the life cycle (egg to adult).

Table 1. Average number of holes and average emergency of Sitophilus zeamais adults
from the artificially infested feed samples irradiated with increasing doses of gamma
radiation from Cobalt-60.

Doses/kGy Ration 1 Ration 2 Ration 3 Ration 4
Insects Holes Insects Holes Insects Holes Insects Holes
0 (control) 13.0b* 6.0b 11.0b 7.0b 23.0b 12.0b 45.0b 13.0b
0.5 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
1.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
2.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

*Means followed by the same letters do not differ 5% probability at Tukey test.
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Table 2. Average number of holes and average emergency of Sitophilus oryzae adults
from the artificially infested feed samples irradiated with increasing doses of gamma
radiation from Cobalt-60.

Doses/kGy Ration 1 Ration 2 Ration 3 Ration 4
Insects Holes | Insects Holes | Insects Holes | Insects Holes
0 (control) 12.0b*  7.0b 10.0b 9.0b 16.0b 6.0b 27.0b 11.0b
0.5 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
1.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
2.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

*Means followed by the same letters do not differ 5% probability at Tukey test.

Table 3. Average number of holes and average emergency of Lasioderma serricorne
adults from the artificially infested feed samples irradiated with increasing doses of
gamma radiation from Cobalt-60.

Doses/kGy Ration 1 Ration 2 Ration 3 Ration 4
Insects Holes Insects Holes Insects Holes Insects Holes
0 (control) 18.0b* 9.0b 13.0b  11.0b 13.0b 8.0b 49.0b 17.0b
0.5 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
1.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
2.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

*Means followed by the same letters do not differ 5% probability at Tukey test.

Table 4. Average number of holes and average emergency of Plodia interpunctella adults
from the artificially infested feed samples irradiated with increasing doses of gamma
radiation from Cobalt-60.

Doses/kGy Ration 1 Ration 2 Ration 3 Ration 4
Insects Holes Insects Holes Insects Holes Insects Holess
0 (control) 15.0b*  9.0b 20.0b 11.0b 17.0b  7.0b 22.0b 13.0b
0.5 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
1.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
2.0 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

*Means followed by the same letters do not differ 5% probability at Tukey test.

The results in these tables showed that for Sitophilus zeamais, Sitophilus oryzae,
Lasioderma serricorne and Plodia interpuctella the minimum dose of gamma radiation
required to induce sterilization and hence the disinfection of all feed samples was 0.5 kGy.
According to Arthur [12] a sterile population is an extinct population.

With respect to control groups as can be seen they reached a relatively large number of
insects, thereby decreasing proportion of insect-food. Because of this, they were forced to
leave the packaging looking for new foods. The numbers of openings observed in the
packages in most cases are made by mandibles of insects mainly where the packages were
sealed folds because in this local the packages have lower resistance to insect attack. These
results are in line with those found by [15,18,3,19,20,21] and next to those from the

INAC 2015, Sao Paulo, SP, Brazil.



International Atomic Energy Agency (IAEA) which [7] promotes a generic sterilization dose
of 0.4 kGy for most insect pests of agricultural importance.

4. CONCLUSION

The lowest dose of 0.5 kGy gamma radiation used was sufficient to induce sterility
and consequently disinfest all insect pests in the studied animal feeds.

REFERENCES

1. MARCOTTE, M. Effect of irradiation on spices, herbs and seasoning: Comparasion with
ethylene oxide fumigation. Disponivel em: < http://www.food-irradiation.com/Spices.htm>.
Acesso em: 15 de junho. 2015.

2. CAMPOS, T. B; ZORZENON, F. J. Pragas dos Graos e Produtos Armazenados. Boletim
Técnico: Instituto Bioldgico, Sao Paulo, 27p. 2006.

3. RAMOS, A. C. O. Aplicacdo da radiagdo gama na desinfestacdo de racoes a base de
grdos para alimentacdo de animais domésticos. 2009. Dissertacdo (Mestrado) - Instituto de
Pesquisas Energéticas e Nucleares — Sao Paulo, 68p.

4. ARTHUR, V.; ARTHUR, P. B.; GAVA, M. A.; FRANCO, S. S. H.; MACHI, A. R. Uso
de técnicas nucleares em entomologia no Brasil. In: BUSOLI, A. C.; GRIGOLLI, J. F. J.;
SOUZA, L. A.; KUBATA, M. M.; COSTA, E. N.; SANTOS, L. A. O.; NETTO, J. C,;
VIANA, M. A. Topicos em entomologia agricola V. Jaboticabal: Grafica e Editora
Multipress. p. 13-25, 2012.

5. Ramos, A. C. O.; Potenza, M. R. ; Arthur, V. . Quarantine treatment for Sitophilus zeamais
(Coleoptera: Curculionidae) though of the gamma radiation o f Cobalt-60. In: Imternational
Nuclear Atlantic Conference - INAC 2009, Rio de Janeiro.v. 1, p. 76.

6. FOLLETT, P. A.; ESNOOK, K.; JANSON, A.; ANTONIO, B.; HARUKI, A
OKAMURA, M.; BESEL, J. Irradiation quarantine treatment for control of Sitophilus oryzae
(Coleoptera: Curculionidae) in rice. Journal Stored Products Research, v. 52, 63-67, 2013.

7. Hallman, G. J. Control stored product pests by ionizing radiation. Journal Stored Products
Research, v. 52, 36-41, 2013.

8. HUNTER, W. D. Results of experiments to determine the effects of roentgen upon insects.
Journal Economic Entomology, v. 5, p. 118, 1912.

9. RUNNER, G. A. Effects of roentgen rays on the tobacco or cigarette beetle and results of
experiments with a new form of roentgen tube. Journal Agriculture Research., v. 6, n. 11, p.
383-388, 1916.

10. HOSSAIN, M. M.; BROWER, J. H.; TILTON, E. W. Sensitivity to an acute gamma
radiation exposure of successively irradiated generations of the cowpea weevil. Journal
Economic Entomology, v. 65, n. 6, p.1566-1568, 1972.

11. ARTHUR, V.; WIENDL, F. M.; PACHECO, J.M.; WALDER, J.M.M.; SGRILLO, R.B.
Mortalidade e reproducdo de Sitophilus zeamais, Mots. em macarrdo irradiado In: Uso y
Calibracion de Fuentes Intensas de Radiacion, 18-22 de jun., 1973, Santiago Informe del
Seminario Santiago., 10p.,1973.

12. ARTHUR, V. Efeitos esterilizantes e letais das radiacdoes gama nas diferentes fases do
ciclo evolutivo de Sitotroga cerealella em arroz e milho. Tese (Doutorado) Escola Superior
de Agricultura “Luiz de Queiroz” Universidade de Sao Paulo, 77p. 1985.

13.ARTHUR, V. Controle de insetos-pragas por radia¢des ionizantes. Bioldgico, Sao Paulo,
v.59, n.1, p.77-79, 1997.

INAC 2015, Sao Paulo, SP, Brazil.



14. WIENDL, F. M.; ARTHUR, V.; PACHECO, J. M.; SGRILLO, R. B.; WALDER, J. M.
M. Mortalidade e reproducdo de Sitophilus zeamais (M) em milho pré-irradiado. In: Uso y
Calibracion de Fuentes Intensas de Radiacion, 18-22 de jun., 1973, Santiago Informe del
Seminario Santiago., 8p., 1973.

15. WIENDL, F. M.; PACHECO, J. M.; WALDER, J. M. M. SGRILLO, R. B.; DOMARCO,
R. E. A method of determining the gamma radiation doses for sterilization. Sterility for
Control. IAEA, p. 289-315, 1974.

16. ARTHUR, V.; ARTHUR, P. B. Teste de Resisténcia de algumas embalagens para feijao
ao ataque de Zabrotes subfasciatus. 1 Congresso de Iniciacdo Cientifica em Ciéncias
Agrdrias. Instituto Biolégico, Sao Paulo, pg. 4, 2003.

17. ARTHUR, V.; ARTHUR, P. B. Resisténcia de embalagens para feijao irradiado ao ataque
de Acanthoscelides obtectus. XX Congresso Brasileiro de Entomologia, Gramado, RS., pg.
549, 2004.

19. MODOLO, D. M.; OLIVEIRA, A. C. S.; SILVA, L. C. A. S.; ARTHUR, P. B.; LIMA, R.
B.; ARTHUR, V. Influencia da embalagem e radia¢do gama no tratamento quarentendrio de
Sitophilus oryzae em arroz. Biologico, v.71, n. 2 p. 83-202, 2009.

20.ALVES, J. N. Avaliacdo dos efeitos da radiagcdo por feixe de elétrons na resisténcia de
embalagens a Lasioderma serricorne e Plodia interpunctella e Sitophilus zeamais 2011.
Tese (Doutorado) — Instituto de Pesquisas Energéticas e Nucleares, Sdo Paulo. 103p.

21. ARTHUR, P. B.; ARTHUR, V.; SILVA, L. C. A. S.; FRANCO, S. S. H.; FRANCO, J.
G.; VILLAVICENCIO, A. L. H. C. International Nuclear Atlantic Conference - INAC
2013, Recife, 5p. 2013.

INAC 2015, Sao Paulo, SP, Brazil.



