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Abstract Patulin is a mycotoxin produced by fungi that

contaminate fruits, juices, and other agricultural commodi-

ties. Sorption properties of polyurethane-beta-cyclodextrin

polymers were evaluated for the ability to remove patulin

from solutions, including apple juice. Freundlich isotherm

analysis determined the polymers possess a degree of het-

erogeneity. Evaluation of the polymers by solid phase

extraction analysis indicated patulin sorption is enhanced in

aqueous environments. Polymers crosslinked with tolylene

2,4-diisocyanate were suitable for extraction of patulin from

apple juice. Quantum chemical studies of the interactions of

patulin and beta-cylcodextrin using the PM3 semi-empirical

method infer patulin is capable of binding to the polymer in

multiple modes. Certain of these bound complexes possess

intermolecular hydrogen bond interactions between the pri-

mary hydroxyls of beta-cyclodextrin and patulin. These

nanoporous cyclodextrin polymers exhibit favorable prop-

erties to assist the detection of patulin in aqueous solutions.

Keywords Cyclodextrin � Patulin � Mycotoxin �
PM3 � Nanoporous � Nanotechnology

Introduction

Patulin is a toxic, secondary metabolite most commonly

associated with apple spoilage; however its occurrence has

been reported in a variety of fruits and agricultural products

[1, 2] (see Fig. 1). This mycotoxin is produced by several

fungal species that occasionally contaminate agricultural

commodities, including those of the Penicillium, Asper-

gillus, and Byssochlamys species. Patulin contamination is

a health risk to humans and reduces commodity values.

Exposure to this mycotoxin is associated with a broad

range of adverse effects, including gastrointestinal diseases

and potential for carcinogenicity, and genotoxicity, immu-

notoxicity and neurotoxicity have been observed [3, 4].

Patulin levels are regulated in the United States and many

other countries, with levels currently set at 50 lg/L for

certain apple based products. A variety of methods ranging

in accuracy and rapidity have been developed to monitor

levels of patulin, including an array of hyphenated tech-

niques, such as HPLC coupled with UV detection [5–7].

Development of rapid methods to detect patulin using

traditional selective molecular recognition materials is

complicated by several inherent properties of this myco-

toxin. Patulin is reactive under basic conditions and forms

adducts through nucleophilic conjugation with thiol con-

taining species, such as proteins and glutathione [8]. Fur-

thermore, patulin naturally occurs as a racemic mixture and

is capable of adopting multiple stable conformations which

may complicate selective recognition through certain types

of binding interactions [9, 10].
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There is increasing interest for robust sorbents to

remove toxins from complex matrices. Polymers based on

cyclodextrin components have demonstrated useful prop-

erties as sorbents for a variety of contaminants, including

toxic phenols, natural organics, dyes, and trace metals

[11–15]. Incorporation of cyclodextrins as components of

crosslinked polymers provides a nanoporous material with

cavities capable of acting as generic binding sites with

recognition properties modulated by solvent and other

factors [16, 17]. The internal cavities of cycloamylose of

six, seven and eight glucopyranose units possess physical

properties favorable to forming complexes with small

organic molecules. The popular b-cyclodextrin, 4, with its

seven a(1–4) linked glucopyranose units, has seen exten-

sive use for guest–host complexes. It should be noted that

previous applications of cyclodextrins for mycotoxin

analysis have focused on utilizing the cavities of free

cyclodextrins and cyclodextrin deriviatives as selective

recognition components to enhance separation and spec-

troscopic properties [18–20]. Herein, we expand the use of

cyclodextrins for mycotoxin analysis to the development of

insoluble cyclodextrin-based polymers to extract and

clean-up the mycotoxin patulin from apple juice.

In this study, we utilize the favorable binding properties

of cyclodextrins to develop a polymer to bind patulin under

aqueous conditions. The influence of solvent on the rec-

ognition properties of the cyclodextrin polymer is exploited

for the concentration and elution of patulin. The efficacy of

the polymer is evaluated to assist the detection of patulin in

apple juice. Finally, semi-empirical studies are performed

to investigate the binding modes of patulin with the

b-cyclodextrin components of the polymer.

Experimental methods

Reagents and materials

b-cyclodextrin (4), tolylene 2,4-diisocyanate (2), 1,6-diiso-

cyanatohexane (3), anhydrous dimethylformamide (DMF),

methanol, ethanol, acetone (HPLC grade), acetonitrile

(HPLC grade), hexane, anhydrous diethyl ether, sodium

bicarbonate, sodium acetate, acetic acid, trifluoroacetic acid,

and patulin were obtained from Sigma-Aldrich, Inc. (St.

Louis, MO, USA). Unless otherwise noted, all reagents were

used as provided. b-cyclodextrin was dried at 70� C under

vacuum for 24 h prior to use.

Polymer synthesis

Synthesis of polymer 5a: b-cyclodextrin (2.27 g,

2.0 mmol) was dissolved in 20 mL of anhydrous dimethyl

formamide in a 40 mL glass vial using sonication (15 min).

The solution was flushed with nitrogen, and 20 mmol

(3.48 g) of tolylene 2,4-diisocyanate was added dropwise

with gentle mixing. Following the mixing, the vials were

sealed, vortexed and placed in a 70� C water bath for 24 h.

Resulting polymer monoliths were washed with acetoni-

trile, water, ethanol, and acetone and dried under vacuum.

Dry polymers were ground using a coffee grinder, and

mortar and pestle. Polymer particles were sieved and

fractions between 38 and 75 lm were collected for anal-

ysis. Fine particles were removed by suspension in acetone

(3 9 50 mL). Polymer 5b was synthesized following the

same procedure, substituting 10 mmol (1.74 g) tolylene

2,4-diisocyanate and 10 mmol (1.68 g) of 1,6-diisocyana-

tohexane for 20 mmol of tolylene 2,4-diisocyanate.

Surface area analysis

Surface area analyses were performed on a Quantachrome

Autosorb-1 (Quantachrome Instruments, Boynton Beach,

FL). Surface areas were determined at 77 K with nitrogen

as the adsorptive and areas calculated using the single point

BET method at P/P0 = 0.2.

LC-analysis

Patulin levels were determined by LC-analysis. The HPLC

system consisted of a Shimadzu LC-20AT pump, SIL-20A

autosampler, SPD-M20A diode array detector, a CBM-20A
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Fig. 1 Patulin and reagents used in polymer synthesis
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communications bus module, and a Phenomenex Luna 5 l
C18 100A column (250 9 4.6 mm). Unless otherwise

noted, the LC-mobile phase consisted of 10% acetonitrile

in water, and the sample injection volume was 20 lL.

Patulin concentrations were calculated based on a standard

curve using peak areas recorded at 270 nm (r2 = 0.997).

Rebinding experiments

Cyclodextrin polymers were evaluated by measuring their

ability to bind patulin by equilibrium binding assays. Assays

were conducted in 1.5 mL screw cap vials. Polymers

(10 mg) in 1 mL solutions of patulin (0.5, 1, 2, 5, 10, 15, 20,

30, 40, and 50 lg/mL) in buffer pH 5.5 (10 mM sodium

acetate) were shaken for one hour on a Lab-line Multiwrist

shaker at room temperature with the shaker speed set at eight.

The vials were centrifuged and the supernatant was filtered

through a Millex Syringe driven PTFE filter (0.2 lm).

Patulin concentrations were analyzed by LC-analysis.

Solid phase extraction analysis

The loading capacity of the b-cyclodextrin polymers were

determined by solid phase extraction (SPE) columns.

b-Cyclodextrin polymer (30 mg) was packed between two

frits in 1.5 mL solid phase extraction reservoirs from

Alltech (Deerfield, IL, USA). Columns were washed with

5 mL acetonitrile, water, and, ethanol prior to use. Col-

umns were loaded with patulin (1 mL of 50 lg/mL in the

appropriate solvent). Solvents investigated are 10 mM

sodium acetate buffer, pH 5.5, ethanol, and acetonitrile.

Patulin concentrations were analyzed by LC-analysis.

Evaluation of the polymers ability to determine patulin

levels in apple juice was carried out with a column packed

with 50 mg of polymer 5a, packed as previously described.

Prior to use, columns were washed with 5 mL acetonitrile,

water, and ethanol. Spiked apple juice (1 mL; 0.1, 0.5, 1, 5,

10, and 15 lg/mL) was loaded on column. The column was

not allowed to go dry, and was washed with 0.5 mL of an

aqueous solution of sodium bicarbonate (1% w/v), 0.5 mL

of an aqueous solution of acetic acid (1%, w/v), and

0.5 mL of hexane. Finally, patulin was eluted with 1.0 mL

of diethyl ether/acetonitrile (4:1). The solvent was removed

from the final eluate under a gentle stream of nitrogen, and

the residue was resuspended in 1 mL of mobile phase.

Patulin concentrations were analyzed by LC-analysis with

a sample injection volume of 50 lL using a mobile phase

of water:acetonitrile:trifluoroacetic acid (980:20:0.5).

Computational chemistry

Semi-empirical calculations were carried out using the PM3

method with Parallel Quantum Solutions (Fayetteville, AR,

U.S.A.) hardware and software v3.2 [21, 22]. Convergence

criteria set at 1 9 10-6 Hartree and a gradient of less than

3 9 10-4 a.u. The initial structures were built using the

Amber force field with the HyperChem 7.52 program

(Gainesville, FL, U.S.A.) [23, 24]. Carbon atoms are dis-

played in grey, oxygen atoms in black, and hydrogen atoms

in white.

Results and discussion

The inherent hydrophobic properties associated with

cyclodextrin cavities were a key consideration in selecting

the components for polymers synthesis in this study to

isolate patulin from apple juice using a water insoluble

sorbent. The rationale in polymer design was to use b-

cyclodextrin to develop a nanoporous material, for which

binding is driven by the hydrophobic effects present under

aqueous conditions. Alternatively, an appropriate non-

aqueous solvent offers a means to release patulin from the

polymer for LC-analysis. Polymer composition, properties

and initial solid phase extraction analysis are shown in

Table 1. Polymer 5a (30 mg) was capable of binding

29.2 lg of patulin under aqueous conditions (capacity of

0.97 lg/mg). However, capacity is significantly reduced in

the polar, organic solvents acetonitrile and ethanol. Poly-

mer 5b exhibited ease of flow and less sorption in the solid

phase column format.

The surface area of the crosslinked b-cyclodextrin

polymers 5a and 5b can be compared to the surface areas of

common adsorbents found in literature (see Table 2) [25–

28]. The surface area of crosslinked b-cyclodextrin is very

low compared to more broadly studied adsorbents. The

surface area of polymers 5a and 5b are similar to previously

reported cyclodextrin polymers shown suitable for binding

phenol from waste water [28]. The elemental analysis

results for polymers 5a and 5b indicate lower percentages of

carbon and nitrogen, and a higher percentage of hydrogen

Table 1 Composition and patulin binding properties of polymers

evaluated in the solid phase extraction format

Polymer 5a 5b

(b-CD:TDI:HDI) 1:10:0 1:5:5

Capacity (lg patulin/mg polymer)

Buffer 29.2 ± 3.1 17.6 ± 4.7

Ethanol 7.3 ± 3.0 4.1 ± 0.8

Acetonitrile 6.7 ± 0.2 4.9 ± 2.2

Composition (%)

Carbon 48.43 47.23

Hydrogen 5.37 6.06

Nitrogen 8.60 8.56
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than the theoretical composition. The experimental results

may be influenced by residual solvent and the formation of

hydrate complexes. Hydrate complexes of b-cyclodextrin

have been observed by X-ray crystallography [29].

Polymers were evaluated by equilibrium binding assays

with a set amount of polymer (10 mg) at various concen-

trations of patulin in sodium acetate buffer. The sorption

isotherms for polymers 5a and 5b are shown in Fig. 2. Both

polymers are suitable for Freundlich isotherm analysis,

defined by the following equation [30]:

B ¼ aFm where a and m are fitting parameters:

Parameter a is a measure of binding capacity for the

analyte and average affinity of the population of binding

sites. The parameter m is the heterogeneity index (0–1 with

1 being homogenous). B is the amount of bound patulin per

gram of polymer, and F is the concentration of free patulin.

Polymer 5a possess slightly better affinity for patulin over

polymer 5b, with a = 3400 (lmol g-1)(l mol-1)m com-

pared to polymer 5b a = 2790 (lmol g-1)(l mol-1)m.

Furthermore, Freundlich isotherm analysis indicates the

affinity of the population of binding sites of polymers 5a

and 5b exhibit a degree of heterogeneity (5a m = 0.74; 5b

m = 0.76). It should be noted that the range of affinity

indicated in the heterogeneity index may be associated with

binding sites formed by the crosslinking agents, 2 and 3,

during polymer synthesis.

Existing methods for solid phase extraction of patulin

from juices require several clean-up steps, and use larger

columns [31, 32]. Polymer 5a demonstrated favorable

properties as a solid phase sorbent for patulin, and was

evaluated for the ability to clean up and detect patulin in

apple juice. For comparison, we used spiked levels of apple

juice (1 mL, of 0.1–15 lg/mL) which were loaded onto

50 mg columns of 5a. Columns were washed with 0.5 mL

of a sodium bicarbonate solution, 0.5 mL of a solution of

acetic acid, and 0.5 mL of hexane. Finally, patulin was

eluted with 1.0 mL of diethyl ether/acetonitrile (4:1). The

relationships between peak area and recoveries are given in

Fig. 3. Both peak area and peak height are suitable for

determination of patulin in apple juice for the range of 0.1–

15 lg/mL r2
area ¼ 0:986; r2

height ¼ 0:983
� �

: The cyclodex-

trin polymers show promise for the solid phase extraction

clean up of patulin in apple juice, and potential for other

toxins and analytes in aqueous matrices.

The patulin:cyclodextrin interactions were investigated

using the PM3 semi-empirical method, and the results are

shown in Fig. 4 and Table 3. A molecular representation of

patulin bound to the crosslinked polymer built with the

AMBER99 molecular mechanics force field is shown in

Fig. 5. The accuracy of PM3 semi-empirical calculations to

study certain types of hydrogen bond interactions is limited

compared to computationally expensive density functional

and ab initio calculations [33]. However, the large size of

the patulin:cyclodextrin system complicates use of more

computationally expensive methods. PM3 methods have

been effective in the study of supramolecular inclusion

complexes [34–37]. The interaction energies given in

Table 2 Comparison of the surface areas of adsorbents with poly-

mers 5a and 5b

Adsorbent Adsorbate Surface Area, m2/g Reference

SBA-15 Pharmaceuticals 737 [22]

Activated carbon Amoxicillin 1092 [23]

Bentonite clay Amoxicillin 92 [23]

Alumina Phenol 900 [21]

b-CD-polymer Phenol 0.75 [24]

5a Patulin 0.92 This study

5b Patulin 0.56 This study
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Fig. 2 Sorption isotherms for polymers 5a and 5b binding patulin in

buffer (10 mM sodium acetate, pH 5.5). 5a a = 3400 ± 90 (lmol g-1)

(l mol-1)m, heterogeneity index = 0.74 ± 0.1, r2 = 0.989. 5b
a = 2790 ± 20 (lmol g-1)(l mol-1)m, heterogeneity index = 0.76

± 0.1, r2 = 0.974
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Fig. 3 Correlation between peak areas of patulin isolated by polymer

5a and patulin concentrations of spiked apple juice (r2 = 0.986)
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Table 3 are associated with the heat of formation, and are

calculated by:

DE ¼ EComplex � EPatulin þ ECyclodextrin

� �

where EComplex is the heat of formation energy of the pat-

ulin:cyclodextrin complex, EPatulin and ECyclodextrin are the

energies for the free molecules, and DE is the stabilization

energy. The value l is the dipole moment of the patu-

lin:cyclodextrin bound complex.

Structures 6a–d are four complexes of patulin:b-cyclo-

dextrin with the hydroxyl of the patulin in the axial posi-

tion. Complexes 7a–c includes conformers of patulin with

the hydroxyl in the equatorial position. It has been shown

by density functional calculations at the B3LYP/6-

311??G** level that the axial conformer is preferred by

1.20 kcal mol-1 [9]. Patulin forms several favorable

complexes with b-cyclodextrin in the range of 7–13

kcal mol-1. Stable complexes are formed with varying

degrees and orientation of dipole moment, indicating the

orientation of patulin in the bound complex has a signifi-

cant influence over the electrostatic properties. Complexes

6a, 6b, 6d, 7a and 7b involve favorable intermolecular

hydrogen bond interactions between the primary hydroxyls

of b-cyclodextrin and patulin. It should be noted that

similar types of hydrogen bond schemes have been

observed experimentally in patulin-patulin dimers [9, 10].

Furthermore, molecular mechanics studies have found

hydrogen bonding and van der Waals interactions con-

tribute to the formation of bound complexes of patulin with

b-D-glucans [38]. Complexes 6a, 6d, and 7a exhibit

interactions between the hydroxyl of the hemiacetal moiety

of patulin and the primary hydroxyls of b-cyclodextrin.

Complexes 6b, 6c, and 7b possess interactions between the

primary hydroxyls of b-cyclodextrin and the carbonyl of

the lactone of patulin. Both types of interactions provide

favorable patulin:cyclodextrin complexes.

Summary and conclusion

This paper reports the synthesis and evaluation of water

insoluble cyclodextrin polymers to clean-up the mycotoxin

patulin from aqueous solutions. Polyurethane-b-cyclodex-

trin polymers were synthesized and possessed very small

surface areas by BET analysis. Polymers were suitable for

Freundlich isotherm analysis, and possessed populations of

binding sites. A polymer crosslinked with tolylene 2,4-

diisocyanate was capable of extraction and analysis of

patulin from apple juice. These materials show promise for

more broad use in mycotoxin detection.
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Fig. 4 Molecular models

representing patulin binding to

b-cyclodextrin in multiple

binding modes

Table 3 Calculated parameters for patulin:cyclodextrin interactions

Patulin:cyclodextrin complex DE (kcal. mol-1) l (Debye)

6a -13.02 1.68

6b -10.73 3.14

6c -7.04 3.93

6d -12.58 1.32

7a -11.68 1.86

7b -13.41 3.98

7c -9.98 2.54

Fig. 5 Molecular representation of patulin bound to polymer 5a
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38. Yiannikouris, A., André, G., Poughon, L., François, J., Dussap,

C.-G., Jeminet, G., Bertin, G., Jouany, J.-P.: Chemical and con-

formational study of the interactions involved in mycotoxin

complexation with b-D-glucans. Biomacromolecules 7, 1147–

1155 (2006)

122 J Incl Phenom Macrocycl Chem (2010) 68:117–122

123


	Synthesis and evaluation of cyclodextrin-based polymers for patulin extraction from aqueous solutions
	Abstract
	Introduction
	Experimental methods
	Reagents and materials
	Polymer synthesis
	Surface area analysis
	LC-analysis
	Rebinding experiments
	Solid phase extraction analysis
	Computational chemistry

	Results and discussion
	Summary and conclusion
	Acknowledgments
	References



<<
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


