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INTRODUCTION

Fruit fly infestations limit fruit marketability and many countries/regions require
that potentially infested fruits be quarantine treated to assure insect mortality. The
Mexican fruit fly is a common pest that infests many subtropical and tropical fruits.
Persimmon and guava fruits are hosts of the Mexican fruit fly. Quarantine treatments
against fruit flies often involve heat treatments, and the most frequently used are heated
air (HA) or hot water dips (HWD). HA or HWD treatments involve exposure of fruits to
heat for one or more hours to allow conduction of heat to the fruit center. These long
exposures may alter fruit appearance, flesh quality, aroma or flavor. Recently, heat
treatments provided with radio frequency (RF) energy have been studied as a possible
novel treatment for insect control in nuts and fresh fruits. RF treatments expose fruit to
short wavelengths that activate bipolar molecules in the fruit generating heat throughout
the fruit by molecular agitation, consequently raising fruit temperatures much faster and
more evenly. RF heat treatments may have less negative effects on fruit quality. The
objective of this study was to determine the tolerance of persimmon and guava fruit to
exposures to RF energy capable of controlling Mexican fruit fly larvae.

MATERIALS AND METHODS

Persimmon and guava fruit were heated with 27 MHz RF energy. Distilled water
was used as a medium to avoid overheating of fruit caused by contact points and to assure
heating uniformity. Depending on fruit dielectric properties (Piyasena, et al., 2003; Wang,
et al., 2003) different NaCl solutions were used to obtain an even heating rate of the fruit
and solution. Fruit were treated in a circulating water system to improve heating
uniformity (Birla, et al., unpublished).

Preliminary studies with a heating block system developed the thermal-death-time
(TDT) curve for third-instar Mexican fruit fly (Fig. 1), the most heat resistant larval stage.
Based on the TDT curve for third-instar Mexican fruit fly, we chose a total of 11
treatments (Table 1). During RF treatment, fruit were heated from 20°C to 48, 50 or 52°C.
After reaching the target temperature, the fruit were held in the hot water for various
holding times designed to provide 100% insect mortality (phytosanitary control), an
estimated time for Probit 9 control (99.9968 % mortality rate), and an extra holding time
to test the upper limit of tolerance to the treatment. Untreated fruit and fruit treated in
water at 24°C were included as controls. Persimmon and guava fruit were treated, hydro-
cooled, and stored at 20°C until commercially ripe, 12 and 7 to 11 days, respectively. The
internal and external quality of the fruit were assessed by skin color, firmness, soluble
solids content, titratable acidity, weight loss, skin browning, flesh browning, decay and
shrivel.

RESULTS AND DISCUSSION

RF had no commercial affect on the soluble solids content, titratable acidity,
firmness, weight loss, decay, and shrivel of persimmon fruit. Persimmon fruit showed no
external damage following RF treatment, but browning developed in the center of the
fruit following treatments above 50°C, especially treatments of 52°C with longer holding
times. Calyx browning was increased by longer exposures to heat. Persimmons exposed
to temperatures above 50°C were redder compared to the controls. RF treatment at 52°C
for 2 min resulted in slightly softer fruit.
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Persimmon fruit showed good tolerance to RF treatments; internal and overall
quality was least affected by lower temperature treatments. Heating fruit to 48°C for 12
min. or 50°C for 3 min., both of which should meet estimated time for Probit 9, were
promising.

Compared with persimmon, guava fruit were more susceptible to external
browning, but less susceptible to internal browning following RF treatment. There was no
commercial damage on the internal quality of the guava fruit. However, RF had an affect
on the appearance of small circular brown spots on the skin of the fruit which seemed to
be affected by the longer treatments. The most promising treatments appear to be 50°C
for 1.5 or 3 min. and 52°C for 1 min.
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Tables
Table 1. Target temperature and holding times for RF treatments for persimmon and

guava fruit designed to provide 100% mortality (TDT), estimated Probit 9 mortality,
and beyond Probit 9 mortality (extra timing).

Target Holding times (minutes)

Temperature TDT* Estimated Probit 9° Extra timing
48°C 6 12 18
50°C 1.5 3 4.5
52°C 0.5 1 2

* Thermal-death-time necessary to reach 100% insect mortality of third instar Mexican fruit fly larvae
¥ Estimated time to reach 99.9968 % mortality of third instar Mexican fruit fly larvae
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Fig. 1. Thermal-death-time (TDT) curve for third-instar Mexican fruit fly (n = 600) at a

heating rate of 15°C/m1n Line represents linear regression equation log ¢ =
14.554-0.286T (R*=0.997) where ¢ = time (min) and 7 = temperature (°C).

350




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /NLD <>
  >>
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [595.000 842.000]
>> setpagedevice


