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Abstract

ALEKSIEVA, K., I. NACHEVA, K. DIMOV and Tsv. TSVETKOV, 2016. Natural and gamma induced free radi-
cals in dried fruits. An EPR study. Bulg. J. Agric. Sci., 22: 1010–1013

The aim of the present study is to prove radiation processing in air dehydrated dates, prunes and fi gs, as well as to recom-
mend which part of the fruit to sample. The detection method is Electron Paramagnetic Resonance (EPR) spectroscopy. Before 
irradiation in date stone, prune stone and fl esh, and fi g seeds EPR spectroscopy was detected a weak singlet line, whereas date 
fl esh and fi g fl esh are EPR silent. After gamma-irradiation in date stone and fl esh, and fi g fl esh a “sugar-like” EPR spectrum is 
recorded. In prune stone a typical “cellulose-like” spectrum is detected, whereas in prune fl esh and fi g stone only singlet line 
is recorded as before radiation treatment. Of research done it can be seen that the irradiation is proved in a different part of the 
fruit. European Protocol EN 13708 is applicable to irradiated dried dates and fi gs, whereas Protocol EN 1787 for dried prunes. 
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Introduction

Food irradiation is introduced mainly to reduce spoil-
age losses and to improve hygienic quality. Electron Para-
magnetic Resonance (EPR) is one of the most promising 
methods for identifi cation of irradiated foodstuffs. Three 
protocols using EPR technique were adopted by the Euro-
pean Committee for Standardization. The fi rst protocol is 
relative to meat and fi sh bones (EN 1786), the second one 
to food containing cellulose, such as pistachio nuts, ber-
ries, dry herbs and spices (EN 1787). The third one was 
voted later, relative to food containing crystalline sug-
ars, such as dried fi gs, mangoes, papayas and raisins (EN 
13708). Identifi cation procedure of dry herbs and spices 
is based on the fact that, whereas non–irradiated samples 
exhibit only one weak singlet EPR signal, its amplitude 
signifi cantly increases after irradiation together with the 
appearance of two weak satellite lines. This pair of lines 
is believed to due to free radicals of cellulose generated 

by gamma–irradiation and only their presence is consid-
ered in the Protocol (EN 1787) as unambiguous evidence 
for previous radiation treatment of plants. This so called 
“cellulose-like” EPR spectrum is also detected in seeds, 
stalks and stones of fruits (Raffi  and Agnel, 1989; Stacho-
wicz et al., 1996). 

Drying removes most of the water contained in the 
fresh fruit. This interfere the growth of microorganisms 
- bacteria, yeast, fungi, that cause decay and deteriora-
tion of the fruit. On the other hand the reduction of the 
amount of water leads to an increase of the concentra-
tion of sugars and acids, which have a preservative effect 
(Doufi  et al., 1998). There are three different methods for 
dehydration of fruits – by air, lyophilization and by os-
mosis. Dried fruits are rich in sugars. The amount ranges 
from 60 to 75%, the main components are D-fructose, D-
glucose and D-sucrose. After irradiation of dried fruits a 
complex signal was observed. It has a width of 6-8 mT, 
centered in approximately g = 2.004 and due to the para-
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magnetic centers, generated in the sugar crystals. Since 
these radicals are attached in the crystal lattice, the possi-
bility of recombination is low, and therefore they are very 
stable over time. In the food can present different types 
and in different proportions mono- and di-saccharides. As 
a consequence may register various spectra of the same 
kind, it depends on the type, structure and crystallinity 
of the radicals of the mono- and di-saccharides present in 
the sample (Helle and Linke, 1992; Esteves et al., 1999). 
Therefore, the registered EPR spectrum after irradiation 
is called “sugar-like” as the various mono- and di-saccha-
rides are present in different amounts in the sample as a 
result may dominate different lines in the EPR spectrum 
(Yordanov and Georgieva, 2004). 

The purpose of the present study is to investigate the 
air-dried dates, fi gs and prunes and compared the radia-
tion-induced signals in different parts of the fruit in order 
to prove irradiation. 

Materials and Methods

Food samples and irradiation
All samples for investigation (dates, fi gs and prunes) 

are purchased from local markets. Two sets are prepared 
of each sample and kept in polyethylene bags – one irradi-
ated and the other remaining non-irradiated for control.  

All samples are irradiated by “Gamma 1300” irradia-
tor (137Cs, dose rate 0.42 kGy/h). The irradiation is per-
formed at room temperature in the air. 

Instrumentation
All EPR measurements were performed at room tem-

perature on Bruker ER 200 D SRC   spectrometer oper-
ated in X–band. Standard rectangular cavity (ER4102ST) 
operating in TE102 mode was used. The g-values of all 
samples were estimated using “EPR marker” available in 
the F-F Lock module (ER 033) – in our spectrometer g- 
mark is 2.0050. 

Results and Discussion

EPR spectra before irradiation
Before irradiation in date stone, prune stone and fl esh, 

and fi g seeds EPR spectroscopy was detected a weak sin-
glet line with g factor 2.0048, which is equal to that ob-
served in skin, stone or seed samples of fresh fruits. It is 
attributed to free radicals of semi-quinones (Swartz et al., 
1972), lignin (Maloney et al., 1992) or to oxidation prod-
ucts of fatty acids present in some fruits and vegetables 
(Ikeya et al., 1989). Date and fi g fl esh are EPR silent.

EPR spectra after irradiation 
According to protocol EN 13708 in air dehydrated 

fruits after irradiation must be registered multicomponent 
“sugar-like” EPR spectrum, which is positive proof that 
the sample was subjected to radiation treatment. At the 
same time in air dehydrated fruits do not always detect 
the typical “sugar-like” spectrum, and in various types of 
fruit such as fi gs and dates that contain little sucrose, and 
more glucose and fructose EPR spectra after irradiation 
can have the different structure.

After irradiation date stone (Figure 1a) and fl esh (Fig-
ure 1b) exhibit typical “sugar-like” EPR spectra. It should 
be noted that these two spectra are different due to the 
different content of the saccharides in the date stone and 
fl esh. Therefore different lines from sugar crystals domi-
nate in the registered EPR spectra.  In dehydrated by 
osmosis fruits investigated in our laboratory previously 
(Yordanov and Aleksieva, 2007) also were registered 
“sugar-like” EPR spectra, that is why European standard 
is fully applicable. Protocol EN 13708 is certifi ed for air 
dehydrated raisins, papaya, mango and fi gs and is recom-
mended sampling “outer portion” of the fruits. The results 
show that a typical multi-component spectrum is recorded 

after the radiation not only in the sample from the fl esh 
of a date, but also in stone. Up to now stones of dates are 
the only one stones from fruit in which “sugar-like” EPR 
spectrum can be detected.

On irradiation with gamma rays were subjected stones 
(Figure 2a) and fl esh (Figure 2b) of dehydrated on the 
air prunes. After irradiation in prunes stone was detected 
characteristic “cellulose-like” EPR spectrum, which was 
observed in stone of fresh prunes (Raffi  and Agnel, 1989) 
and also recently from our laboratory in irradiated fl esh of 

Fig. 1. EPR spectra of gamma-irradiated date stone (a) 
and fl esh (b)
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fresh fruits (Yordanov and Aleksieva, 2009) and lyophi-
lized aronia (Nacheva et al., 2013). For irradiated with 1 
kGy stones “cellulose-like” spectrum is less intense. In 
contrast, in irradiated with 3 kGy stones, satellite lines 
(marked with arrows in Figure 2a) are more intense. The 
fl eshy parts of the prunes before and after irradiation 
showed no difference in the signal nor to the g-factor, nor 
signifi cant change in the intensity of the registered singlet 
line (Figure 2b). The lack of difference in the signals be-
fore and after irradiation makes it impossible to identify 

as irradiated the fl esh of prunes, dehydrated in air. Such 
a result is received for freeze-dried prunes (Yordanov et 
al., 2006), in which is registered only a singlet, but whose 
g-factor and intensity signifi cant change after radiation 
treatment. 

Irradiated with 1 kGy seeds of fi gs show only expan-
sion of the singlet signal compared to that recorded before 
irradiation. By subjecting the radiation treatment with a 
dose of 3 kGy was not detected the satellite lines of cellu-
lose (Figure 3a). The registered spectrum of seeds repre-
sents a relatively weak singlet, wherein the specifi c signal 
is not observed. Under the infl uence of gamma irradiation 
in saccharides of fl esh is generated typical multicompo-
nent EPR spectrum (Figure 3b). In this kind of “sugar-
like” spectrum dominated lines of glucose. 

Conclusion

Detection of “sugar-like” EPR spectra at the date, re-
gardless of which of the saccharides has the largest con-
tribution to the EPR spectrum, or which part of the fruit is 
subjected to analysis, is sure evidence of radiation treat-
ment. “Cellulose-like” EPR spectrum is specifi c for irradi-
ated samples of prune stone and proves irradiation. There-
fore, to identify a previous irradiation in air dehydrated 
prunes is recommended sampling stone. Identifi cation a 
previous irradiation in air dehydrated fi gs recommended 
sampling for analysis of fl esh, because “sugar-like” EPR 
spectrum is recorded. Protocol EN 13708 is applicable to 
irradiated dried dates and fi gs, whereas Protocol EN 1787 
for dried prunes.

References

Doufi , L., J. Raffi  and P. Stocker, 1998. A point about electron 
paramagnetic   resonance detection of irradiated foodstuffs. 
Spectrochim. Acta Part A, 54: 2403-2412.

EN 1786, 1997. Detection of Irradiated Food Containing Bone: 
Analysis by Electron Paramagnetic Resonance, European 
Committee for Standartization, Brussels.

ЕN 1787, 2000. Detection of irradiated food containing cellu-
lose, method by ESR spectroscopy. European Committee for 
Standardization, Brussels.

EN 13708, 2001. Detection of irradiated food containing crys-
talline sugar by ESR spectroscopy. European Committee of 
Standardization, Brussels.

Esteves, M. P., M. E. Andrade and J. Empis, 1999. Detection 
of prior irradiation of dried fruits by electron spin resonance 
(ESR). Rad. Phys. Chem., 55: 737-742

Helle, N. and B. Linke, 1992. ESR for Detecting Gamma-Irra-
diated Foodstuffs. Bruker Report, 91/92, 8-9.

Ikeya, M., O. F. Baffa and S. Mascarenhas, 1989. Quality as-
sessment of coffee beans with ESR and gamma-irradiation. 
Appl. Radiat. Isotopes, 40: 1219-1222.

Maloney, D. R., B. J. Tabner and V. A. Tabner, 1992. An elec-
tron spin resonance study of gamma-irradiated fruits. Ra-
diat. Phys. Chem., 39: 309-314.  

Fig. 2. EPR spectra of gamma-irradiated prune stone 
(a) and fl esh (b)

Fig. 3. EPR spectra of gamma-irradiated fi g stone (a) 
and fl esh (b)



1013Natural and Gamma Induced Free Radicals in Dried Fruits. An EPR Study

Nacheva, I., K. Aleksieva, K. Dimov, D. Miteva and Tsv. Tset-
kov, 2013. Identifi cation of gamma irradiated lyophilized 
forest fruits by EPR spectroscopy. Bulg. J. Agricult. Sci., 19: 
293-297.   

Raffi , J. J. and J. P. L. Agnel, 1989. Electron Spin Resonance 
Identifi cation of Irradiated Fruits. Radiat. Phys. Chem., 34: 
891-894.  

Stachowicz, W., G. Burlinska, J. Michalik, A. Goclawska and 
K. Ostrowski, 1996. EPR spectroscopy for the detection of 
foods treated with ionizing radiation. In: Detection Methods 
of Irradiated Foods, The Royal Society of Chemistry, pp. 23-
32.

Swartz, H. M., J. R. Bolton and D. C. Borg (eds.), 1972. Bio-
logical Applications of Electron Spin Resonance. Wiley, 

New York.
Yordanov, N. D. and K. Aleksieva, 2007. EPR study on gam-

ma-irradiated fruits dehydrated via osmosis. Radiat. Phys. 
Chem., 76: 1084-1086.

Yordanov, N. D. and K. Aleksieva, 2009. Preparation and ap-
plicability of fresh fruit samples for identifi cation of radia-
tion treatment by EPR. Radiat. Phys. Chem., 78: 213-216.

Yordanov, N. D. and E. Georgieva, 2004. EPR and UV spectral 
study of gamma- irradiated white and burned sugar, fructose 
and glucose. Spectrochim. Acta A., 60: 1307-1314. 

Yordanov, N. D., K. Aleksieva, A. Dimitrova, L. Georgieva 
and E. Tzvetkova, 2006. Multifrequency EPR study on 
freeze-dried fruits  before and after X-ray irradiation. Ra-
diat. Phys. Chem., 75: 1069-1074.

Received May, 16, 2016; accepted for printing November, 1, 2016



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


