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Abstract: There are some reports that low doses of γ-irradiation could induce antioxidant activities in plant material, 
including soybean. Irradiation, required for the inactivation of some pathogens and induction of mutations, may 
have adverse effects on sensorial, nutritional and antioxidant qualities. The effects of different γ-irradiation doses  
(100-200 Gy) on antioxidant properties of soybean seeds was investigated. In this study, we report the results obtained by analysis 
of antioxidant enzyme activities, reduced glutathione, malonyldialdehyde (MDA) and hydroxyl (HO˙) radical quantities, soluble protein 
content, and total antioxidant activity in irradiated soybean seeds. Antioxidant enzyme activities were affected due to high irradiation 
intensity. Significant changes of total antioxidant activity and MDA and HO˙quantities were observed only under the highest irradiation 
dose, with a 15.7% reduction in total antioxidant activity, MDA quantity increase of 21.6%, and  HO˙ radical quantity increase of 79.3% 
compared to the non-irradiated control. The total soluble protein content increased slightly. 
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 1. Introduction
Food irradiation uses radiant energy to rid food of 
harmful microorganisms, insects, fungi and other 
pests and could therefore reduce the need for some 
hazardous pesticides, fumigants and preservatives. 
Irradiation processing by γ-irradiation up to a dose of  
1 kGy has been recommended for quarantine treatment 
of legumes including soybeans [1]. Gamma irradiation 
can be also used to develop economically improved 
sorts of different plants (varietes with high productivity 
potential, resistant to dieases, salt and environmental 
factors) [2-5]. Research on the effects of γ-irradiation on 
food has been done with a little information avaliable on 
antioxidant system in plants.

 γ-irradiation affects biomolecules by causing 
conformational changes, oxidation, rupture of covalent 
bonds, and formation of free radicals [6]. The hydroxyl 
(HO•) and superoxide anion (O2

•-) radicals that are 
generated by irradiation could modify the molecular 
properties of the proteins and lipids, causing oxidative 
modifications of the proteins and lipid peroxidation (LP) 
[7,8]. Chemical changes of the proteins that are caused 
by γ-irradiation include fragmentation, cross-linking, 
aggregation and oxidation resulting from oxygen radicals 
that are generated in the radiolysis of water [9]. 
 The formation of reactive oxygen species (ROS) 
is prevented by an antioxidant system involving the 
activity of low molecular mass antioxidants (ascorbic 

acid, glutathione, tocopherols), enzymes regenerating 
the reduced forms of antioxidants, and antioxidant 
enzymes such as superoxide dismutases (SOD), 
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peroxidases (Px) and catalase (CAT). In plant 
tissues many phenolic compounds, in addition to 
tocopherols, are potential antioxidants, including 
flavonoids, tannins and isoflavons which may act as  
ROS-scavenging compounds. Antioxidants act as 
a cooperative network, employing a series of redox 
reactions [3]. 
 Soybean seeds are widely used in the food industry 
for producing healthy food items. In addition, due to the 
high phenol content of soybean seeds, they are used 
in pharmaceutical industries. In the present study, an 
attempt had been made to elucidate the irradiation-
induced changes in antioxidant system of soybean 
and to select the parameters which could be useful 
as indicators of radiosensitivity. The effects of gamma 
irradiation (up to 200 Gy) on the antioxidant and free 
radical scavenging system and protein content of 
imbibed soybean seeds were investigated.

2. Experimental Procedures
2.1 Biological material and extraction 

procedure
In this study, seeds of soybean (Glycine max L. 
Merrill) genotype Novosadjanka were obtained from 
the Institute of Field and Vegetable Crops in Novi 
Sad. Dry seeds were treated with γ-irradiation (100, 
120, 140 and 200 Gy) using 60Co (TCT Gammatron  
S 65-K). The dose rate was 0.919 Gy/min. Seed 
irradiation was performed at the Irradiation Laboratory 
of the Oncology Institute in Sremska Kamenica near 
Novi Sad. Irradiated and non-irradiated soybean seeds 
were imbibed in Petri dishes on filter paper soaked with 
distilled water for 48 h at 24ºC in the dark. The extraction 
procedure of antioxidant enzymes and nonenzymatic 
antioxidants, hydroxyl radicals and soluble proteins 
was performed as previously described  [10]. One g 
of imbibed seeds  was ground with quartz sand in a 
cold mortar. The ground material was suspended in  
5 ml 0.1 M K2HPO4 at pH 7.0. Samples were centrifuged 
at 15 000 g for 10 minutes at 4oC, and aliquots of the 
supernatant were used for determination of antioxidant 
enzymes and total antioxidant activity. Non-irradiated 
seeds were used as a control.

2.2 Methods
2.2.1 Determination of  antioxidant enzyme activity 
All the antioxidant enzyme activities were determined 
by spectrophotometric analysis of plant extracts in 
phosphate buffer (pH 7) at 25ºC. Enzymatic specific 
activity is expressed as μmol of the substrate converted 
in minute/mg protein, with the exception of superoxide 
dismutase  activity.

 Superoxide dismutase (SOD) activity was 
determined by the method of  Misra and Fridovics [10] 
based on the inhibition of conversion of adrenaline to 
adrenochrome at pH 10.2. Unit SOD can be regarded as 
the amount of enzyme which causes a 50% inhibition in 
the extinction change in 1 min compared to the control 
[11]. Measurements were made at 480 nm.
 Guaiacol peroxidase (GPx) activity was determined 
by the method of Matkovics et al. [12], using guaiacol 
as the substrate at 436 nm. Catalase (CAT) activity 
was determined by the method of Simon et al. [13], at 
240 nm. The decomposition of H2O2 was followed by a 
decrease in absorbance. One unit of catalase specific 
activity is defined in terms of μmol of H2O2 consumed in 
minute mg-1 protein and GPx specific activity as μmol of 
guaiacol in minute mg-1 protein.
 Glutathione peroxidase (GSH-Px) 
activity was determined by the method  
of Chiu et al. [14], using cumene hydroperoxide 
and reduced glutathione (GSH) as substrates  
at 412 nm. One unit of enzyme activity was defined 
as the amount of enzyme that resulted in oxidation of 
1 μmol of GSH per minute.

2.2.2 Determination of GSH, MDA and HO˙ quantities, 
soluble protein content and total antioxidant 
activity

The quantity of reduced glutathione (GSH) was 
determined with Ellman reagent at 412 nm, by the 
method of Sedlak and Lindsay [15]. Soluble protein 
content was determined using the Bradford assay [16].
 Malonyldialdehyde quantity (MDA) was determined 
by the TBA reaction with minor modification of the 
method of Dhindsa et al. [17]. The absorbance at  
532 nm was monitored spectrophotometrically and MDA 
quantity is expressed as nmol of MDA mg-1 protein. 
Hydroxyl radical quantity was determinated by the 
inhibition of deoxyribose degradation and expressed as 
nmol HO˙/mg protein [18]. 
 Total antioxidant activity was estimated according to 
the FRAP (Ferric Reducing Antioxidant Power) assay 
[19]. Total reducing power is expressed as FRAP units. 
FRAP unit is equal to 100 μmol/dm3 Fe2+.

2.2.3 Data Analysis
Each experiment was performed twice and all 
determinations were obtained from triplicate 
measurements (N=6). Results are expressed as mean 
± standard error. Experimental data were statistically 
analyzed using software Origin, by one-way ANOVA. 
Differences between means  and control were evaluated 
for significance by using Tukey-test (P<0.05).
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3. Results and Discussion
The results obtained from the analysis of effects of 
γ-irradiation on some antioxidant properties of soybean 
seed are presented in Figures 1-9.

All doses of γ-irradiation resulted in the increase of 
SOD activity in soybean seeds. The maximum increase 
of SOD activity was observed at a dose of 120 Gy 
(44.3% compared to the control value), (Figure 1). The 
maximum increase of GPx activity was observed at 
100 Gy (93.4%). Higher doses (120-200 Gy) gradually 
decreased GPx activity to the control level (Figure 2). 

 Similar effect of hormesis (adaptive reaction) 
is observed during many stresses (UV light, heavy 
metals, herbicides, etc.) and was published by other 
authors [20,21]. They observed that plants can cope 
with different stressful conditions to a certain extent 
(depending of plant species and genotype), after which 
the ability of defense declines (β-shaped hermetic 
response). A similar phenomenon was observed during 
our experiment in regards to SOD and GPx activities. 
Other authors also showed that irradiation of plants and 
photosynthetic microorganisms with relatively low-doses 
of irradiation resulted in accelerated cell proliferation, 
germination rate, cell growth, stress resistance, enzyme 
activity and increased crop yields [4,5,22-25].

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Effect of γ-irradiation on SOD activity in imbibed soybean 

seeds. Each data point represents the mean±SE. 
*ANOVA, Tukey-test, P<0.05.

Figure 2. Effect of γ-irradiation on  GPx activity in imbibed soybean 
seeds. Each data point represents the mean±SE. 
*ANOVA, Tukey-test, P<0.05.

Figure 3. Effect of γ-irradiation on CAT activity in imbibed soybean 
seeds. Each data point represents the mean±SE. 
*ANOVA, Tukey-test, P<0.05.

Figure 4. Effect of γ-irradiation on GSH-Px activity in imbibed 
soybean seeds. Each data point represents the 
mean±SE. *ANOVA, Tukey-test, P<0.05.
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 All doses provoked the decrease of CAT activity 
(significant only at 100 and 120 Gy) and the maximum 
decrease was detected at 120 Gy (62.4%), (Figure 3). 
GSH-Px activity was not significantly changed as a 
result of irradiation treatment, except by a dose of 
140 Gy which caused a decrease in GSH-Px activity 
by 33.7%, (Figure 4). It has been reported that low 
doses of γ-irradiation can modulate antioxidant enzyme 
activities [23,26]. For CAT and GSH-Px vice versa 
hormetic response (U-shape) occurred in contrast to 
SOD and GPx. Decline of their activities was observed 
under lower doses, but further increase of irradiation 
dose caused the increase of their activities. Catalase, 
which is involved in the degradation of H2O2, is the major 
antioxidant enzyme in all aerobic organisms [27]. Under 
higher irradiation it appears that CAT takes over central 
role in controlling H2O2 level and oxidative stress when 
SOD and GPx activities start to decline [7]. Our results 
indicate that irradiation of  genotype Novosadjanka 
seeds provoked changes in all antioxidant enzymes, 
depending on applied dose of irradiation. 
  The GSH quantity increased as irradiation dose 
increased to 140 Gy (27.0% greater than the control) and 
then decreased at the highest irradiation dose (36.0% 
less than the control), which is also a hermetic type of 
response under applied doses of irradiation (Figure 5). 
Total antioxidant activity determined by FRAP method 
decreased, especially at a dose of 200 Gy (35.9%) 
(Figure 6). 
 LP intensity and HO˙ quantities increased in 
response to increased radiation intensity (Figures 7,8). 
The maximum changes of LP intensity and HO˙ quantity 
were observed by the highest irradiation dose where LP 

Figure 5. Effect of γ-irradiation on GSH quantity in imbibed soybean 
seeds. Each data point represents the mean±SE. 
*ANOVA, Tukey-test, P<0.05.

Figure 6. Effect of γ-irradiation on total antioxidant activity in 
imbibed soybean seeds. Each data point represents 
the mean±SE. *ANOVA, Tukey-test, P<0.05.

Figure 7. Effect of γ-irradiation on LP intensity in imbibed soybean 
seeds. Each data point represents the mean±SE. 
*ANOVA, Tukey-test, P<0.05.

Figure 8. Effect of γ-irradiation on •OH radical quantity in imbibed 
soybean seeds. Each data point represents the 
mean±SE. *ANOVA, Tukey-test, P<0.05.
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increased by 21.6% and HO˙ quantity by 79.3% . The 
soluble protein content slightly increased at all applied 
doses, and the maximum increase was observed at a 
dose of 140 Gy (6.1%), (Figure 9). Our results showed 
that the genotype Novosadjanka was most sensitive at 
the highest applied dose of 200 Gy where the maximum 
increase of lipid peroxidation intensity and  HO˙ quantity 
and decrease of total antioxidant activity were detected. 
Gamma irradiation causes oxidative stress and affects 
biomolecules by causing conformational changes, 
oxidation, rupture of covalent bonds and formation of 
free radicals [6]. The hydroxyl (HO•) and superoxide 
anion (O2•-) radicals that are generated by radiation 
could modify the molecular properties of the proteins 
and lipid peroxidation (LP) [7].
 The amount of reduced glutathione, which is one 
of the most important non-enzymatic antioxidants, 
was positively affected by γ-irradiation dose of  
140 Gy. It was reported that low level doses of 
γ-irradiation enhance glutathione reductase activity 
[22] which could explain the increase of GSH quantity 
in soybean irradiated with a dose of 140 Gy. On the 

other hand, a decrease in the FRAP value indicated a 
decrease of non-enzymatic antioxidants (vitamins C and 
E and polyphenol constituents) [28]. The increase of LP 
intensity was well correlated with the increase of HO˙ 
quantity and decrease of total antioxidant capacity in 
irradiated soybean, which appear to be a consequence 
of irradiation treatment [29].

4. Conclusion
Our results indicate that all antioxidant parameters were 
affected differently by γ-irradiation. Under low doses 
of irradiation, a decrease in the activity of antioxidant 
enzymes CAT and GSH-Px was observed. However, 
an increase in SOD and GPx occurred follow irradiation 
treatment. The increase of  LP intensity, a major 
indicator of oxidative stress, resulted from HO˙ radical 
accumulation under irradiation. A decrease in FRAP 
value was observed but the decrease in non enzymatic 
antioxidants in soybean seeds did not appear to affect 
the soluble protein biosynthesis. Our study indicated 
that irradiation of soybean seeds by dose of 200 Gy 
induced oxidative stress manifested by high HO˙ and 
MDA quantities. Irradiation also activated different 
antioxidant enzymes depending of irradiation dose, so 
they act cooperatively in antioxidant defense. 
 Further studies are needed to explain the mechanism 
of antioxidants radio-induction in plants and developing 
radio-resistance. In future prospects, investigations of 
the effects of γ-irradiation on soybean could enable the 
production of varietes with superior qualities to produce 
important antioxidants.
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Figure 9. Effect of γ-irradiation on soluble protein content in 
imbibed soybean seeds. Each data point represents the 
mean±SE. *ANOVA, Tukey-test, P<0.05.

References

[1] Variyar, P.S., Limaye, A., Sharma, A. Radiation-
Induced Enhancement of Antioxidant Contents 
of Soybean (Glycine max Merrill), J. Agric. Food. 
Chem., 2003, 52, 3385-3388

[2] Jain S.M., Brar, D.S., Ahloowalia B.S., Somaclonal 
Variation and Induced Mutation in Crop Improvement, 
Kluwer Academic Publishers, Great Britain, 1998, 
203-218

[3] Jamie H., Induced mutations: increasing agricultural 
quality and yield of tomato, Athena Science Research, 
2002, 22, 132-145

[4] Al-Rumaih M.M., Al-Rumaih M.M., Influence of 
Ionizing Radiation on Antioxidant Enzymes in Three 
Species of Trigonella, Am. J. Env. Sci., 2008, 4, 151-
156

   

385



D. Štajner et al.

[5] Hajduch M., Debre F., Bohmova B., Petrova A., Effect 
of Different Mutagenic Treatments on Morphological 
Traits of M2 Generation of Soybean, Soybean 
Genetics Newsletter (on line journal), 1999, 26

[6] Cheftel J.C., Cuq J.L., Lorient D., Amino acids, 
peptides, proteins, In: Fennema O.R. (Ed.), Food 
Chemistry, Marcel Dekker, New York, 1985, 279-
334

[7] Halliwell B., Gutteridge, J.M.C., Free radicals in 
Biology and Medicine, 2nd ed., Claredon press, 
Oxford, 1989

[8] Štajner D, Popovic B.M., Milošević M., Irradiation 
effects on phenolic content, lipid and protein oxidation 
and scavenger ability of soybean seeds, Int. J. Mol. 
Sci., 2007, 8, 618-627

[9] Cho Y., Song K.B., Effect of γ-irradiation on the 
molecular properties of BSA and β-lactoglobulin, J. 
Biochem. Mol. Biol, 2000, 33, 133-137

[10] Quy Hai D., Kovacs K., Matkovics I., Matkovics 
B., Properties of enzymes X., Peroxidase and 
superoxide dismutase contents of plant seeds, 
Biochem. Physiol. Pflanzen (BPP), 1975, 167, 357-
359

[11] Misra H. P., Fridovics I.J., The role of superoxide 
anion in the autooxidation of epinephrine and a 
simple measurement for superoxide dismutase, J. 
Biol. Chem., 1972, 247, 3170-3175

[12] Matkovics B., Novak R., Hahn H.D., Szabo L., 
Varga Sz.I., Zalesna G., A comparative study of 
some more important experimental animal peroxide 
metabolism enzymes, Comp. Biochem. Physiol., 
1977, 56, 31-34

[13] Simon L.M., Fatrai Z., Jonas D.E., Matkovics 
B., Study of metabolism enzymes during the 
development of Phaseolus vulgaris, Biochem. 
Physiol. Pflanzen (BPP), 1974, 166, 387-392

[14] Chiu D.T.Y., Stults F.H., Tappel A.L., Purification and 
properties of rat lung soluble glutathione peroxidise, 
Biochim. Biophys. Acta, 1976, 445, 558-606

[15] Sedlak J., Lindsay H., Estimation of total protein 
bound and non protein sulphydryl groups in tissue 
with Ellman’s reagent, Anal. Biochem, 1968, 25, 
192-205

[16] Bradford M.M., A rapid and sensitive method for 
the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding, Anal. 
Biochem., 1976, 72, 248-253

[17] Dhindsa R.S., Plumb-Dhindsa P, Thorpe T.A., Leaf 
senescence: correlated with increased levels of 
membrane permeability and lipid peroxidation, and 
decreased levels of superoxide dismutase and 
catalase, J. Exp. Bot., 1981, 32, 93–101

[18] Cheesman K.H., Beavis A., Esterbaurer H.,Hydroxyl 
radical induced iron catalyzed degradation of 
2-deoxyribose, Biochem. J., 1988, 232, 649-653

[19] Benzie I.F.F., Strain J.J., Ferric reducing antioxidant 
power assay: Direct measure of total antioxidant 
activity of biological fluids and modifyd version for 
simultaneous measurement of total antioxidant 
power and ascorbic acid concentration, Methods 
Enzymol., 1999, 299, 15-27

[20] Stevens C., Wilson C.L., Lu J.Y., Khan V.A., 
Chalutz E., Droby S., et al., Plant hormesis induced 
by ultraviolet light-C for controlling postharvest 
diseases of tree fruits, Crop Protection, 1996, 15, 
129-134

[21] Calabrese E.J, Baldwin L.A., Hormesis: the dose-
response revolution, Annu. Rev. Pharmacol. 
Toxicol., 2003, 43, 175–197

[22] Chakravarty B., Sen S., Enhancement of 
regeneration potential and variability by γ -irradiation 
in cultured cells of Scilla indica, Biol. Plantarum, 
2001, 44, 189-193

[23] Zaka R., Vandecasteele C.M., Misset M.T., Effects 
of low doses of ionizing irradiation on antioxidant 
enzymes and G6PDH activities in Stipa capillata 
(Poaceae), J. Exp. Bot., 2002, 53, 1979-1987

[24] Fan X., Thayer D.W., Sokorai K.J.B., Changes in 
Growth and Antioxidant status of Alfaalfa Sprouts 
during Sprouting as Affected by Gamma Irradiation 
of Seeds, J. Food Protect., 2004, 67, 561-566

[25] Ling A.P.K., Chia J.Y., Hussein S., Harun A.R., 
Physiological Responses of Citrus sinensis to 
Gamma Irradiation, World Appl. Sci. J., 2008, 5, 12-
19

[26] Wada H., Koshiba T., Matsui T., Sato M., Involvement 
of peroxidase in differential sensitivity toγ-radiation 
in seedlings of two Nicotina species, Plant Sci., 
1998, 132, 109-119

[27] Yang, T., Poovaiah B.W., Hydrogen peroxide 
homeostasis: Activation of plant catalase by calcium/
calmodulin, Proc. Natl. Acad. Sci. USA, 2002, 99, 
4097-4102

[28] Benzie, I.F.F., Strain, J.J., The ferric reducing ability 
of plasma (FRAP) as a measure of „antioxidant 
power“: the FRAP assay, Anal. Biochem., 1996, 
239, 70-76

[29] Nawar W.W., Balboni J.J., Detection of irradiation 
treatment in foods, J. Am. Oil Chem. Soc., 1970, 
53, 726-729

386



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




