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ABSTRACT

In vitro preliminary tests executed to evaluate the possibility of using microwave to disinfest fruits as a
postharvest quarantine treatment using a cocking microwave oven. Subjecting the eggs, 1%, 2 and 3" larval
instars of both medfly and peach fruit fly for 10, 15, 25 and 30 seconds and estimate the mortality percentage.
Results revealed that there were a gradual increase in mortality percentage for the larval instars for both flies, eggs
and larval instars of peach fruit flies have a higher heat tolerance than medfly stage consequently, lower mortality
percentage for the same time period microwave treatments. Also, revealed that eggs of fruit flies (medfly and
peach fruit fly) have a higher resistance to heat than larval instars. Thus, Microwave can be a very efficient tool
for disinfesting treatments of fruit flies since it can give a very fast rise in temperature in very short time which is a
very important parameter in qualifying postharvest quarantine method to avoid fruit damage, still a challenges are
presents for developing microwave processes to be applicable as a postharvest quarantine treatment.
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INTRODUCTION

Due to their high polyphagia, great adaptation to
various climatic regions, and fast reproduction, many species
of fruit flies (Diptera: Tephritidae) are a serious threat pests of
horticultural crops worldwide, (Sarwar, 2015). They cause
indirect damage to fruits and vegetables (female oviposition
punctures) and direct damage (larval activities inside the fruit)
(Aluja, 1994). Leading to high reduction in the trading and
exportation of horticultural crops and losses of 40% up to
80% of the yield (Kibira et al., 2010). And make importing
countries to force a strong quarantine restrictions thus limits
access to international markets (Lanzavecchia et al., 2014).
Also, exporting countries spend too much money yearly on
control of these pests, and has strict trade penalties for
applying these quarantine restrictions (Dhami et al., 2016).
larvae destruct fruits and drop to pupate in the soil, thus
protected from insecticides applied to fruit surface making
management of fruit flies challenging (Heve et al., 2016).
Strong  restrictions on insecticides usage and increasing
demand for healthy food around the world, a broad-spectrum
of insecticides are removed from the market, leading to
increased difficulty of fruit flies control (Bdckmann et al.,
2014), and consequently, arising environmentally friendly
new techniques for control of fruit fly (Navarro-Llopis et al.,
2011). including: fumigation with fumigants (MeBr)
(Australian Government, 2014), dipping in pesticide
solutions ( fenthion), storage in controlled atmosphere, cold
treatments (Amstrong & Mangan, 2007), Heat treatments
(‘hot water dips, vapour heat or hot dry air) (Corcoran et al.
1993), ionizing radiation (ISPM No 18, 2003), and treatment
with electromagnetic energy (Tang et al. 2000) also,
combinations of some of these treatments (Varith,
Sirikajornjaru, & Kiatsiriroat, 2007). it is needed to determine
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the thermal exposure necessary to kill fruit fly stages to meet
quarantine security levels, this is by determine times and
temperatures used in commercial heat treatments in vitro,
then, testing infested fruits (Gazit et al. 2004). The
temperatures used in the heat treatment procedure have been
determined by : 1-testing in vitro the thermal level necessary
to kill fruit flies stages. 2 - test the infested fruits to determine
probit values (99.9968% mortality) required to meet levels of
quarantine security. Temperatures above 40C° are needed
against fruit flies larvae (Heard et al. 1991; Mangan and Ingle
1992, 1994; Nascimento et al. 1992; Sharp and Hallman
1992; Sharp and Gould 1994). Gamage et al. 2015 proved
that microwave heat is effective for insect disinfestation
without any negative impact on total soluble solids, flesh or
peel firmness of the treated apples.. Jones 2008 described
microwave heating as the use of the electromagnetic waves
and it involves heat transfer to beam up the material exposed
to its radiation. Its frequency range is from 300 MHz to 300
GHz and it lies between radio frequencies and infrared
radiation. The rapidly varying electric and magnetic fields
lead to the occurrence of heating. Electric field induced by the
microwave field will cause dipolar molecules such as water
and fat to oscillate back and forth and lead to heat dissipation
in the material exposed (Kueon 2008). heating by RF or
microwave is suggested as an alternative successful method
for post harvesting quarantine protocol (Tang et al. 2000).
RF and microwave heating in which direct interactions
between dielectric materials and electromagnetic waves
generate heat. because of the dielectric properties of insects,
heat larvae inside the fruit before the surrounding plant tissue.
Microwave heating is most efficient on water and much less
on sugars and fats those have less molecular dipole moment
(Sutar and Prasad 2008). Sharp et al. 1999; Tang et al., 2000
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and Ekman & Pristijono, 2010, used non-ionizing radiation in
the form of electromagnetic waves (radio frequency and
microwaves) for faster heating of fruits. Microwaves have
been applied to a wide range of products, from soil and
museum artifacts to fresh fruits specially, pests of grain and
stored products (Nelson 1973; Roseberg and BOgl 1987;
Nelson et al. 1998; Wang and Tang 2001). (Wang and Tang,
2001) proposed an promising technique using radio
frequency and microwave heating treatments as an alternative
quarantine treatment. (Andreuccetti et al. 1994; Hallman and
Sharp 1994; Nelson 1996; Tang et al. 2000; Wang et al.
2001a, 2002, 2007a, b) showed in their work that using of
(RF) can present the required homogeneous and fast heat
treatment against insect pest. The use of non-ionising
radiation in the form of electromagnetic waves such as radio
frequency and microwaves for faster heating of fruits has
been the subject of several recent studies (Robertson &
Preisler, 1999; Sharp et al. 1999; Tang et al., 2000 and
Ekman & Pristijono, 2010). Electromagnetic waves penetrate
the fruit and the energy is internally dissipated into thermal
energy volumetrically heating the fruit. despite of heating of
the whole fruit is theoretically possible, but uneven heating
during the treatment often caused due to some practical
hindrances such as, heterogeneous fruit structure and its
varying thermal and dielectric properties, non-uniform
electric fields in microwave cavities, among other
microwave inherent factors (Ikediala et al., 2000; Knoerzer,
Regier, & Schubert, 2008). An amazing event of using the
microwave energy to control fruit flies is the insects are faster
rate heating than the fruit they infest due to high moisture
content of insects. So, it is possible to heat the invading stage
to a lethal temperature while leaving the drier foodstuff
unaffected or slightly warm (Vadivambal et al. 2006).

The current work aim to Initial tests in the laboratory
to evaluate the possibility of using microwaves to eliminate
any fruit flies Ceratitis capitata and Bactrocera zonata, as a
quarantine measure as part of the post-harvest treatment.

MATERIALS AND METHODS

Fruit flies strains

Mediterranean fruit fly lab strain (Horticultural
Crop Insects Research Department - plant protection research
institute) that reared upon an artificial larval diet composed of
Sugar ( as a source for carbohydrate) 8.45 %, Dried sterile
yeast (as a source for protein) 8.45 %, Wheat bran (as a
bulking agent) 33 %, Sodium benzoate 0.3 %, Citric acid
0.3 % and Water 50 %. The adult flies feed normally upon
water, sugar and hydrolyzed protein (4:1).

Microwave oven specifications :
GMS cooking microwave oven
Model number: ANS — 20E
Rated voltage : 220V — 240V
Rated frequency: 50 Hz
Input power : 1100W
Output power : 700 W

Egg treatments:

A 100 eggs placed in tab water (80 ml¥) were
subjected to microwave beam for periods of 10, 15, 25 and
30 seconds and left for 3 days to ensure egg hatching (if still
life), then examined for hatching and estimate mortality
percentage.

Larval treatments
A 100 larvae of the examined instar placed in tab

water (80 ml3) were subjected to microwave beam for
periods of 10, 15, 25 and 30 seconds, then examined and
estimate mortality percentage.
Statistical analysis

Results subjected to statistical analysis using 1BM
SPSS statistics version 23 one-way ANOVA test and charts
executed by Microsoft excel 2010 .

RESULTS AND DISCUSSION

Results
1- Medfly

Data in Table (1), clarified that, the percent
mortalities of medfly including (eggs, 1st, 2nd and 3rd larval
instars) subjected to microwave beam for 10, 15, 25 and 30
seconds.

Table 1. Percent mortalities of medfly subjected to
microwave beam for 10, 15, 25 and 30 seconds
Mortality percent of medfly

time Eggs tinstar  2instar  3™instar
10sec 42440374k 54.6+0.812h 50105471 44.6+0.510]j
15sec  51.2#0.374i 65.4+0.510f 61.8+0.374g 60+0.707 ¢
25sec  61.8+0.583g 76.2+0.374c 73.4+0.245d 68.2+0.374¢
30sec  89.640.510b 100+0.000a 100+0.000a 99.4+0.400a
Eggs:

Results obtained in Table (1), revealed that percent
mortality of eggs subjected to beam of microwaves was 42.4
%, 51.2 %, 61.8 % and 89.6 when subjected to 10, 15, 25 and
30 seconds respectively with a significant differences among
the four treatments.

1% instar:

In case of 1% instar larvae, results gave a similar trend,
since there were a gradual increase in the mortality
percentage with a significant differences among the four
treatments beginning with a mean of 54.6 % for 10 sec
treatment, then 65.4 % by 15sec, raised to 76.2 % when
subjected to 25 seconds and get 100 % mortality in 30 sec.
(Table 1).

2" instar

Also in case of 2™ larval instar, also, a gradual
increase in the mortality percentage with a mean of 50 % for
10 sec treatment, 61.9 % by 15sec, 73.4 % when subjected to
25 seconds and get 100 % mortality in 30 sec. this with a
significant differences among the four treatments (Table 1).
3instar

Data presented in Table (1), showed that for the 3"
larval instars, percent of mortality due to 10 seconds of
microwave treatment give a mean of 44.6 %, 60 % with 15
seconds, 68.2 % by 25 seconds and 99.4 % mortality when
subjected for 30 seconds with a significant differences among
the four treatments.

Also data obtained in Table (1), revealed that
resistance for heating by microwave increased gradually from
1st to 3rd larval instars, but eggs (with 42.4 % mortality) have
a higher resistance for heating than larval instars ( 54.6 % for
1st, 50 % for 2™ & 44.6 % for 3rd instars) when subjected to
10 seconds. The same in case of 15 seconds treatments, eggs
(with 51.2 % mortality) have a higher resistance for heating
than larval instars ( 65.4 % for 1st, 61.8 % for 2nd & 60 %
for 3rd instars) and for 25 seconds, eggs with 61.8 %
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mortality, higher resistance for heating than larval instars
(76.2 % for 1st, 73.4 % for 2nd & 68.26 % for 3rd instars)
also for 30 seconds, eggs have a higher resistance for heating
than larval instars with 89.6 % mortality but 100 % for 1%,
100 % for 2 & 99.4 % for 3 instars.
2- Peach fruit fly

Data in Table (2), clarified that, the percent
mortalities of peach fruit fly including (eggs, 1st, 2nd and 3rd
larval instars) subjected to microwave beam for 10, 15, 25
and 30 seconds.
Table 2. Percent mortalities of medfly subjected to

microwave beam for 10, 15, 25 and 30 seconds
Mortality percent of medfly

time Eggs Iinstar  29instar  3Minstar
10sec  43.6+0.510i 54.2+0.374g 51.840.490g 47.88+0.392 h
15sec  60.2+0.860f 74.2+0.800c 67.8+0.860d 65+0.548¢e
25sec  64+0548e 82.4+0.872b 74.6+0.510c 70.6+0.510d
30sec  84.240.374b 100+0.000a 100+0.000a 98.2+0.374a
Eggs:

Results obtained in (Table: 2) revealed that percent
mortality in eggs subjected to beam of microwaves was 43.6
%, 60.2 %, 64 % and 84.2 when subjected to 10, 15, 25 and
30 seconds respectively with a significant differences among
the four treatments.

1% instar:

In case of 1% instar larvae, results gave a similar
results, since there were a gradual increase in the mortality
percentage with a significant differences among the four
treatments beginning with a mean of 54.2 % for 10 sec
treatment, then 74.2 % by 15sec, raised to 82.4 % when
subjected to 25 seconds and get 100 % mortality in 30 sec.
(Table 2).

2" instar

Also in case of 2 larval instar, there were a gradual
increase in the mortality percentage with a mean of 51.8 %
for 10 sec treatment, 67.8 % by 15sec, 824 % when
subjected to 25 seconds and get 100 % mortality in 30 sec.
this with a significant differences among the four treatments
(Table 2).

3" instar

Results in Table (2), cleared that for the 39 larval
instars, percent of mortality due to 10 seconds of microwave
give a mean of 47.8 %, 67.8 % with 15 seconds, 70.6 % by
25 seconds and a 96.2 % mortality when subjected for 30
seconds with a significant differences among the four
treatments.

Also data obtained in Table (2), indicated that
resistance for heating by microwave increased gradually from
1% to 3" larval instars, but eggs (with 43.6 % mortality) have
a higher resistance for heating than larval instars ( 54.2 % for
1%, 51.8 % for 2™ & 47.88 % for 3" instars) when subjected
to 10 seconds. The same in case of 15 seconds treatments,
eggs (with 60.2 % mortality) have a higher resistance for
heating than larval instars ( 74.2 % for 1%, 67.8 % for 2™ &
65 % for 3" instars) and for 25 seconds, eggs with 64 %
mortality, higher resistance for heating than larval instars (
82.4 % for 1%, 74.6 % for 2@ & 70.6 % for 3 instars) also
for 30 seconds, eggs have a higher resistance for heating than
larval instars with 84.2 % mortality but 100 % for 1%, 100 %
for 2" & 98.2 % for 3¢ instars.

3- Comparison between Medfly and Peach fruit fly

Collective histograms (Fig 1, 2, 3 & 4) showed that
percent mortality of medfly treated stages (eggs, 1st, 2nd and
3rd instar larvae) have a higher mortality percentage than the
corresponding stages of the peach fruit fly, i.e. peach fruit fly
have a higher resistance to heating than medfly.

percent mortality in eggs
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25 sec 15 sec 10 sec

percent mortality of 1st instar larvae

i
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Fig. 1. Percent mortalities of fruit flies eggs subjected
to microwave beam for 10, 15, 25 and 30
seconds

Fig. 2. Percent mortalities of fruit flies 1%larval instars
subjected to microwave beam for 10, 1525 and
30seconds

percent mortality in 2nd instar larvae
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percent mortality in 3rd instar larvae
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Fig. 3. Percent mortalities of fruit flies 2" larval instars
subjected to microwave beam for 10, 15, 25
and 30 seconds

Fig. 4. Percent mortalities of fruit flies 3" larval instars
subjected to microwave beam for 10, 15, 25 and
30 seconds
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Egg stage of peach fruit fly have a mortality means of
42.4 %, 51.2 %, 61.8% & 89.6% for treatment of 10, 15, 25
& 30 seconds while means of medfly were 43.6 %, 60.2 %,
64 % & 84.2 % for the same time periods respectively. 1st
larval instars for PFF also have a higher heat resistance than
medfly, 54.6 %, 65.4 %, 76.2 % and 100 % for PFF and 54.2
%, 74.2 %, 82.4 % and 100% for medfly, in case of 2nd
larval instar 50 %, 61.8 %, 73.4 % and 100 % for PFF and
51.8 %, 67.8 %, 74.6 % and 100 % For medfly and for 3rd
larval instars, 44.6 %, 60 %, 68.2 % and 99.4 % for PFF and
47.88 %, 65 %, 70.6 % and 98.2 % for medfly.

CONCLUSION

It can be concluded from the obtained results
throughout the whole experiments important events:

1- Microwave can be a very efficient tool for disinfesting
treatment soft fruit flies since it can give a very fast rise in
temperature in very short time which is a very important
parameter in qualifying postharvest quarantine method to
avoid fruit damage.

2- Eggs of fruit flies (medfly and peach fruit fly) have a
higher resistance to heat than other larval instar (may be
due to presence of egg shell).

3- There were gradual increases in mortality percentage for
the larval instars for both flies.

4- Eggs and larval instars of peach fruit flies have a higher
heat tolerance than medfly stage consequently, lower
mortality percentage for the same time period microwave
treatments.

5- Sitill challenges are presents for developing microwave
processes to be applicable as a postharvest quarantine
treatment.

REFERENCES

Aluja, M., 1994. Bionomics and management of Anastrepha.
Annu. Rev. Entomol. 39,155-178.

Amstrong, JW., & Mangan, R.L. (2007). Commercial
quarantine heat treatments. In J. Tang, E. Mitcham, S.
Wang, & S. Lurie (Eds.), Heat treatments for
postharvest pest control: theory and practice (pp.
311-340). Wallingford, UK: CAB International.

Andreuccetti, D., M. Bini, A. Ignesti, A. Gambetta, and R.
Olmi. 1994. Microwave destruction of woodworms.
J.Microwave Power Electromagnetic Energy 29: 153-
160.

Australian Government (2014). http : // www. agriculture. gov.
au/ agriculture-food / ag - vetchemicals/ international /
methyl - bromide (last visited 04 Dec 2014).

Bockmann, E., Kdppler, K., Hummel, E., Vogt, H., 2014.
Bait spray for control of European cherry fruit fly: an
appraisal based on semi-field and field studies. Pest
Manag. Sci. 70, 502-509.

Corcoran, RJ., Heather, NW., & Heard, T.A. (1993).

Vapour heat treatment of zucchini infested with

Bactrocera cucumis (Diptera: Tephritidae). Journal of

Economic Entomology, 86(1), 66-69.

M.K., Gunawardana, D.N., Voice, D.,,
Kumarasinghe, L., 2016. A real-time PCR toolbox
for accurate identification of invasive fruit fly species.
J. Appl. Entomol. 140, 536-552.

Dhami,

Ekman, JH., & Pristijono, P. (2010). Combining radio
frequency heating and cool storage to disinfest
cherries against Queensland fruit fly. Acta
Horticulturae, 877, 1411-1448.

Gamage, T.V., Sanguansri, P., Swiergona, P., Eelkema, M.,
Whatt, P., Leach , D.L.J. Alexander, P, Knoerzer, K.
(2015) Continuous combinedmicrowave and hot air
treatment of apples for fruit fly (Bactrocera tryoni and
B. jarvisi) disinfestation. Innovative Food Science
and Emerging Technologies 29 261-270.

Gazit, Y., Y. Rossler, S. Wang, J. Tang, and S. Lurie. 2004.
Thermal death kinetics of egg and third instar
Mediterranean fruit fly (Diptera: Tephritidae). J.
Econ. Entomol. 97: 1540 -1546.

Hallman, G. J., and J. L. Sharp. 1994. Radio frequency heat
treatments, pp. 165-170. In J. L. Sharp and G. J.
Hallman (eds.), Quarantine treatments for pests of
food plants. Westview Press, San Francisco, CA.

Heard, T. A., N. W. Heather, and R. J. Corcoran. 1991. Dose
mortality relationships for eggs and larvae of
Bactrocera tryoni (Diptera: Tephritidae) immersed in
hot water. J. Econ. Entomol. 84: 1768 - 1770.

Heve, W.K., El-Borai, F.E., Carrillo, D., Duncan, LW.,
2016. Biological control potential of
entomopathogenic nematodes for management of
Caribbean fruit fly, Anastrepha suspensa Loew
(Tephritidae). Pest Manag. Sci. https:/doi.org/
10.1002/ ps.4447.

IBM SPSS statistics, version 23. One-way ANOVA test.

Ikediala, J.N., Tang, J., &Wig, T. (2000). A heating block
systemfor studying thermal death Kinetics of insect
pests. Transactions of the ASABE, 43(2), 351-358.

ISPM No 18 (2003). http:/mww. acfs.go.th/sps/downloads/
23881_ISPM_18 E. pdf ISPM No 28 Part 3 (2009).
https:/Amawww.ippc.int/sites/
default/files/documents/1323950176_
_En 2011-12-01 Reforma.

Jones, S. (2008) “Comparing Microwave to Conventional
Heating and Drying Systems Mechanics Advantages
Economics.”

Kibira, M., Affognon, H., Njehia, B., Muriithi, B., Mohamed,
S., Ekesi, S., 2010. Economic evaluation of integrated
management of fruit fly in mango production in
Embu County, Kenya. Afr. J. Agric. Resour. Econ.
10, 343-353.

Knoerzer, K., Regier, M., & Schubert, H. (2008). A
computational model for calculating temperature
distributions in  microwave food applications.
Innovative Food Science & Emerging Technologies,
9(3), 374-384.

Kueon, Y. (2008) Int. Conf. Control. Autom. Syst.
ICCAS2008, 1966-1971.

Lanzavecchia, S.B., Juri, M., Bonomi, A., Gomulski, L.,
Scannapieco, A.C., Segura, D.F., Malacrida, A,
Cladera, J.L., Gasperi, G., 2014. Microsatellite
markers from the “South American fruit fly”
Anastrepha fraterculus: a valuable tool for population
genetic analysis and SIT applications. BMC Genet.
15 (Suppl. 2), S13.

Mangan, R. L., and S. J. Ingle. 1992. Forced hot air
quarantine treatment for mangoes infested with West
Indian fruit fly (Diptera: Tephritidae). J. Econ.
Entomol. 85: 1859 - 1864.

PT_03_2009

642


http://www.agriculture.gov.au/agriculture-food/ag-vetchemicals/
http://www.agriculture.gov.au/agriculture-food/ag-vetchemicals/
https://doi.org/%2010.1002/%20ps.4447
https://doi.org/%2010.1002/%20ps.4447
https://www.ippc.int/sites/%20default/files/documents/
https://www.ippc.int/sites/%20default/files/documents/

J. of Plant Protection and Pathology, Mansoura Univ., Vol 11 (12), December, 2020

Mangan, R. L., and S. J. Ingle. 1994. Forced hot air
quarantine treatment for grapefruit infested with
Mexican fruit fly (Diptera: Tephritidae). J. Econ.
Entomol. 87: 1574 - 1579.

Nascimento, A. S., A. Malavasi, J. S. Morgante, and A.L.A.
Duarte. 1992. Hot water immersion treatment for
mangoes infested with Anastrpha fraterculus, A.
oblique, and Ceratitis capitata (Diptera: Tephritidae)
in Brazil. J. Econ. Entomol. 85: 456 - 460.

Navarro-Llopis, V., Vacas, S., Sanchis, J., Primo, J., Alfaro,
C., 2011. Chemosterilant bait stations coupled with
sterile insect technique: an integrated strategy to
control the Mediterranean fruit fly (Diptera:
Tephritidae). J. Econ. Entomol. 104, 1647-1655.

Nelson SO, Bartley PG, Lawrence KC. 1998. RF and
microwave dielectric properties of stored-grain
insects and their implications for potential insect
control. Trans Am. Soc. Agric. Eng. 41:685-692.

Nelson SO. 1973. Insect-control studies with microwaves
and other radiofrequency energy. Bull Entomol Soc
Am.19:157-163.

Nelson, S. O. 1996. Review and assessment of radio-
frequency and microwave energy for stored-grain
insect control. Trans. ASAE 39: 1475 -1484.

R. Vadivambal, D. S. Jayas, and N. D. White (2006)
“Disinfestation of life stages of Tribolium castaneum
in wheat using microwave energy,” in Proceedings of
the CSBE/SCGAB, 2006 Annual Conference
Edmonton Alberta, , Paper No. 06-120S.

Roseberg U, BOgl W. 1987. Microwave pasteurization,
sterilization, blanching, and pest control in the food
industry. Food Technol. June:92—99.

Sarwar, M., 2015. Quarantine treatments for mortality of
eggs and larvae of fruit flies (Diptera : Tephritidae)
invading fresh horticulture Perishable Produces. Int. J.
Anim.Biol. 1, 196-201.

Sharp, J. L., and G. J. Hallman. 1992. Hot air quarantine
treatment for carambola infested with Caribbean fruit
fly (Diptera: Tephritidae). J. Econ. Entomol. 85: 168 -
171

Sharp, J. L., and W. P. Gould. 1994. Control of Caribbean fruit
fly (Diptera: Tephritidae) in grapefruit by forced hot air
and hydrocooling. J. Econ. Entomol. 87: 131 - 133.

Sharp, J.L., Robertson, J.L., & Preisler, H.K. (1999).
Mortality of mature third instar Caribbean fruit fly
(Diptera: Tephritidae) exposed to microwave energy.
Canadian Entomologist, 131(1), 71-77.

Sutar, P. P. and S. Prasad 2008, “Microwave drying
technology-recent developments and R&D needs in
India,” in proceedings of the 42nd ISAE Annual
Convention, pp. 1-3,Kolkata, India.

Tang, J., J. N. lkediala, S. Wang, J. D. Hansen, and R. P.
Cavalieri. 2000. High-temperature-short-time thermal
quarantine methods. Postharvest Biol. Technol. 21:
129 -145.

Varith, J,  SirikajornjaruW., &  Kiatsiriroat, T.
(2007).Microwave-vapor heat disinfestation on
oriental fruit fly eggs in mangoes. Journal of Food
Processing and Preservation, 31(3), 253-269.

Wang, S. and Tang, J. 2001. Radio Frequency and Microwave
Alternative Treatments for Insect Control in Nuts: A
Review. Agric, Eng J. 10 (3 & 4): 105-120.

Wang, S., J. N. lkediala, J. Tang, J. D. Hansen, E. Mitcham,
R. Mao, and B. Swanson. 2001a. Radio frequency
treatments to control codling moth in in-shell walnuts.
Postharvest Biol. Technol. 22: 29-38.

Wang, S., J. Tang, J. A. Johnson, E. Mitcham, J. D. Hansen,
R. P. Cavalieri, J. Bower, and B. Biasi. 2002. Process
protocols based on radio frequency energy to control
held and storage pests in in-shell walnuts. Postharvest
Biol. Technol. 26: 265 -273.

Wang, S., M. Monzon, J. A. Johnson, E. J. Mitcham, and J.
Tang. 2007a. Industrial-scale radio frequency
treatments for insect control in walnuts: 1. Heating
uniformity and energy efficiency. Postharvest Biol.
Technol. 45: 240- 246.

Wang, S., M. Monzon, J. A. Johnson, E. J. Mitcham, and J.
Tang. 2007b. Industrial-scale radio frequency
treatments for insect control in walnuts: Il. Insect
mortality and product quality. Postharvest Biol.
Technol. 45: 247 - 253.

slaat) dny AgSUl Gl jagdail Slas Ciy g g Saall ) 8 aladindy 44 of Andara < LA
agaall ae Bodia Sl g @) o dilae Bdall ae hallae gl
saa-dyall o Ba) o de) 3l Gisagll 38 pa - il A g & gay aga

32 La Sl (e o) 3 aall o) jalS 48 LA ) skl (ol (g il Cay g g jSaall aladiiod 48] aniil jiial) 844§ <) il o) ) &

O Sl il g o S ¢y skl ¢ ol e diYe Yo Vo) Bl (a2 ) Cayg g Sad) Jlead da (5 s Ji (Gulsi i 5 lasll
B0 e Y15 im0 25 S () D ) g s oy 550y lin o i) o f 8 5 L il ) RSB, 2 AN LS
LS i3S DU ¢y 31 (gt 8 gl s i) Iy il 25 A48 (50 el s pad JonZi 2 A0 L )
058 o S Moy 8 e e 8D el g iy (o il ) 38 A5 0 S AAS) Sl i (o U il
o pga e 5 Fin jaccd iy 35 )l A 0 B o e ) ) (523 O (S 4 26940 8 ol (e (bl i A 31 iy, o
5 =) oaall EBldasS (Gulaill AHE ) Sl Cay g g Saall ey ool lat llin J) 55 Y g ¢ 2SI ol Cuinil sl amy Ll suall el @lalas

ol iyl

643



