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THERMAL AND VISCOELASTIC PROPERTIES OF XANTHAN
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The viscoelasticity and thermal properties of aqueous solutions of blended xanthan gum (XA) with chitosan were investigated in or-
der to study the electrostatic interaction established between two polysaccharides. Storage modulus G’, loss modulus G” and zero
shear rate viscosity Mo attain a maximum at a chitosan concentration Cy,,x. The above results indicate that the junction between XA
and chitosan is formed in a concentration range lower than C,,,,x and the viscoelasticity of systems increases with increasing concen-
tration. In a concentration range higher than C,,, junction formation may not occur effectively since the excess amount of chitosan
completely screens anions of XA. The chain rigidity of XA decreases by the screening of the repulsive interaction between anions
on XA chains. The ineffective junction formation and the decrease of XA chain rigidity may cause the decrease of viscoelasticity of
systems with increasing concentration. The value of Cy,,x decreases with increasing molecular mass of chitosan. From melting
enthalpy of the above system measured by DSC, the amount of non-freezing water (W,;) was evaluated. s shows a minimum at the
concentration Cy,y. This fact suggests that hydrophobic fields increased by junction structure formation through ion-complexation
between XA and chitosan molecules.
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Introduction

OH CH,OH
Xanthan gum (XA) (Fig. 1) is a water soluble 10 o ] O
polysaccharide produced by Bacterium Xanthomonas COONa CHzo% ? H/
Canpestris. XA takes a double helix conformation - 0\ on OH OH n
with the persistence length 120 nm at room tempera- S N Q HO 0
ture [1-4]. XA is an anionic polymer, since carbon- HO 0 0 o on CH,
ium ions in the side chain are dissociated in aqueous COONa !
solution. Physical properties of XA aqueous solu- Se—§

tions have been widely investigated by many re- 0
searchers [1-11]. The ability of XA to form Fig. 1 Chemical structure of XA
hydrogels is very low, and therefore XA was consid-

ered to be a non-gelling polysaccharide. We found Chitosan is a polysaccharide obtained by deace-

that aqueous solutions of XA form hydrogels by cool-
ing after annealing at a temperature slightly higher
than the gel—sol transition temperature (annealing in-
duced gelation) [12-14]. It is thought that
hydrogelation of XA occurs via hydrogen bonding in
the annealing induced gelation. The experimental evi-
dence suggested that the XA molecules do not easily
form hydrogels in ordinary conditions. On this ac-
count, XA is usually used as a viscosity controller in
food industries due to its high viscosity in aqueous
media. Chemical modification of XA was introduced
in order to improve the solubility and flocculation
characteristics of XA [15-17].
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tylation of chitin. Chitin is contained in the shells of var-
ious shellfish and also in insects; therefore it is an abun-
dant biomass obtainable from nature. Chitosan is insol-
uble in water, but soluble in acid solution when molecu-
lar mass is high, although oligomeric chitosan is water
soluble. Chitosan having amino groups behaves as a
cationic polymer as shown in Fig. 2 [18]. Solubility of
chitosan in acid solutions depends on pH, ionic strength
and the degree of acetylation (DA). Many researchers
have investigated the molecular conformation of
chitosan chain depending on the factors described above
[19-22]. Chemical modification of chitosan was also
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carried out to improve the solubility [23-26]. Chitosan
has excellent characteristics, such as antibacterial na-
ture, detoxification, anticancer nature and so on, and has
received attention in the medical field, as well as in
food, textile, and cosmetics industries and so on.

CH,OH
NH,
o \\ o HO 5
O
i \ 5
NH, CH,OH n

Fig. 2 Chemical structure of chitosan

Biopolymer blends have recently been investi-
gated [27-33], especially in the field of foods science,
since various kinds of biopolymers, such as starch,
XA and amylose are contained in foods. Biopolymer
blends composed of the above polysaccharides have
been investigated [29, 31], since they are important in
the food industry. In the plastic industry, polyvinyl
alcohol blends with agar and hydroxyethylcellulose
were investigated in order to improve the mechanical
properties of biodegradable films [27].

It is known that various interactions, such as
electrostatic interaction, hydrogen bonding, hydro-
phobic interaction, are established between
biopolymers. In order to clarify the association of
biopolymers through structure formation, it is impor-
tant to study molecular interactions of different kinds
of biopolymers. It is thought that the structural for-
mation of biopolymer blends is an important subject
from both industrial and scientific view points.

The aim of this study is to investigate XA and
chitosan blends by thermal analysis and rheological
measurement in order to clarify electrostatic interac-
tion between the above biopolymers. Maurstad et al.
investigated XA/chitosan blends prepared in acid so-
lutions [28, 30, 32]. In this investigation, thermal and
viscoelastic properties were measured in pure water
by removing acetic acid in solutions utilizing dialysis
technique.

Experimental
Sample preparation

XA from Mitsubishi Rayon Co. Ltd. and two kinds of
chitosans, chitosan 10 and chitosan 100, from Wako
Pure Chemical Industries, Ltd. were used. Numerals
attached to chitosans indicated the values of viscosity
at 20°C of solution with concentration 5 g L. Aque-
ous solutions of XA/chitosan were prepared by the
process described below. XA aqueous solution and
0.3 mol L™ acetic acid solution of chitosan were pre-
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pared by stirring for 3 days at room temperature. By
mixing two solutions 1.5 mol L™ acetic acid solution
of XA/chitosan was obtained. The solution immedi-
ately after mixing was not homogeneous and con-
tained suspended particles composed of XA and
chitosan. Further stirring dissolved the suspending
particles and homogenized the solution. From the so-
lution thus obtained, acetic acid was removed by dial-
ysis for about 1 day. The concentration of solutions
was controlled by vaporization of water in a vacuum
oven at 40°C. Concentration of XA in solutions used
for rheological measurements was 1 mass%. The con-
centration of chitosan was calculated based on the
mass of XA.

Viscoelastic measurements

Viscoelastic properties were measured using a
cone-plate type rheometer (NRM2000 Nihon Rheol-
ogy KIKI Inc.). The diameter and slope of the cone
was 3.1 cm and 3.0°, respectively. Measured fre-
quency- and shear rate ranges were 10°—10 Hz and
10°-100 s '. Temperature of the sample was detected
by a thermocouple inserted in the shaft of the cone
and controlled within +0.1°C by a box type controler
utilizing a Peltier device. The controler surrounds the
cone and plate and stabilizes the air in it. In order to
avoid the temperature inhomogeneity of the sample,
measurements were carried out for 10 min after which
the temperature indicated on the controler was stabi-
lized.

Theramal analysis

Thermal analysis was carried out using two kinds of
differential scanning calorimeters DSC200 and
DSC6200 (SII Nano Technology Inc.) for samples
with various water contents and chitosan concentra-
tions. 3~5 mg of the sample was placed in an Al open
pan. The sample pan mounted on the DSC was
cooled to —150°C and maintained at that temperature
for 10 min. DSC curves were obtained in the subse-
quent heating process from —150 to 90°C. The heating
and cooling rate in the forgoing processes is
10°C min™".

After the measurement was carried out, the sam-
ple mass was determined by weighing the sample pan.
Then, a small pinhole was made on the cover of the
sample pan. The sample in the pierced pan was dried
in a vacuum oven at 120°C. Water content (W) of the
sample was defined by

mass of water contained in sample

W, = (1)

mass of dry sample

J. Therm. Anal. Cal., 85, 2006
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Results and discussion

Figure 3 shows frequency dependency of storage
modulus G’ and loss modulus G”of aqueous solutions
of XA and XA/chitosan 10 with chitosan concentra-
tion 0.3 mass%. It is clearly seen that both G’ and G”
increases with increasing frequency. G’ is larger than
loss modulus G” in the whole frequency range.
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Fig. 3 Frequency dependence of storage modulus G and loss
modulus G~ for XA aqueous solution (¢ -G, v —-G”)
and 0.3 mass% XA/chitosan 10 aqueous solution
(e-G',m-G")

Figure 4 shows shear rate dependences of vis-
cosity m of XA and XA/chitosan 10 with chitosan
concentration 0.3 mass%. Newtonian behaviour is
observable in a very narrow shear rate range,
¥<0.05s'. At a shear rate range larger than 0.05 s,
linearly decreases with increasing y. Since the slopes
of G’ and G” vs. frequency are positive, the systems
measured here are considered to be elastic liquids
showing gel-like characteristics.

Figure 5 shows the relationship between G and
chitosan concentration measured at frequency 0.5 Hz.
With the increase of chitosan concentration, G’ in-
creased initially and then decreased after reaching a
maximum value. The concentration where G’ maxi-
mum was observed was designated as Ciay.

Figure 6 shows relationships between G” and
concentration measured at frequency 0.5 Hz, and
Fig. 7 shows relationships between zero shear rate
viscosity 1 and concentration. Both G”” and 1y show
a maximum at the same concentration C,,,x where G’
maximum was observed. The above experimental re-
sults indicate that the junction between XA and
chitosan is formed in a concentration range lower
than Cp.x. The fact that viscoelasticity of systems in-
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Fig. 4 Shear rate dependence of viscosity 1 for ¢ — XA aque-
ous solution and ® — 0.3 mass% XA/chitosan 10 aque-
ous solution
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Fig. 5 Chitosan concentration dependence of G’ for ¢ — XA
aqueous solution and 0.3 mass% XA/chitosan aqueous so-
lutions including ® — chitosan 10 and B — chitosan 100

creases suggests that link formation is enhanced with
increasing concentration. In a concentration range
higher than C,,,, an excess amount of chitosan com-
pletely screens anions of XA, and therefore junction
formation may not occur effectively. Further, it is
considered that chain rigidity of XA decreased since
the repulsive interaction between anions attached to
XA chains decreased by the screening. The ineffec-
tive junction formation and the decrease of XA chain
rigidity may cause a decrease in the viscoelasticity of
systems with increasing concentration. Among vari-
ous kinds of molecular interaction to stabilize the
biopolymers including DNA and enzymes, the elec-
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Fig. 6 Chitosan concentration dependence of G for ¢ — XA
aqueous solution and 0.3 mass% XA/chitosan aqueous so-
lutions including ® — chitosan 10 and B — chitosan 100

trostatic interaction is the strongest and is reported to
relate closely with chromosomal packing of DNA.
Maurstad et al. observed a similar compaction for
XA/chitosan systems [28, 30, 32].

The value of C,. for lower molecular mass
chitosan 10 was higher than that of chitosan 100. The
values of C,,y are observed at 0.3 mass% for chitosan
10 systems and at 0.15 mass% for chitosan 100 systems,
respectively. The above results indicate that one bond
is electrostatically formed per 125 repeating units of XA
in XA/chitosan 10 systems and one bond is formed 250
repeating of XA in XA/chitosan 100 systems. In fact,
the number of repeating units between cross-linking
points for XA chains is considerably larger. When the
molecular chains of chitosan are long, the probability
that a chitosan molecule bridges different XA chains in-
creases. In contrast, chitosan chains with low molecular
mass form molecular assembly with the same XA chain
without bridging other XA chains. This fact indicates
that the size of chitosan affects the screening of anions.
It was found that anions in XA/Chitosan 100 systems
were screened at a concentration lower than in
XA/chitosan 10 systems.

Figure 8 shows representative DSC curves mea-
sured in heating process. The endothermic peak at
around 0°C is due to the melting of water in the sys-
tem. The melting enthalpy, AH,,, of water per 1 g of
water contained in the sample is calculated from the
peak area divided by the mass of water contained in
the sample. The amount of non-freezing water (W)
contained in 1 g of the sample was calculated by the
following equation.
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Fig. 7 Chitosan concentration dependence of zero shear rate
viscosity 1o for ¢ — XA aqueous solution and
0.3 mass% XA/chitosan aqueous solutions including
@ — chitosan 10 and B — chitosan 100
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Figure 9 shows the relationship between
chitosan concentration and the amount of non-freez-
ing water W contained in XA/chitosan systems with
water content W, = 4. W,r shows the minimum at the
concentration C,y.

Figure 10 shows the relationship between G’ and
Wa. G decreases with increasing W, This fact
shows that the junction structure formed through

<—Endo

-120 -80 40 0 40
Temperature/°C

Fig. 8 Representative DSC heating curve measured for
0.3 mass% XA/chitosan system with W =3
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Fig. 9 Chitosan concentration dependence of the amount of
non-frezing water W, contained in 1 g of the sample
with water content W.=4 ¢ — XA @ — XA/chitosan 10
and M — XA/chitosan 100

ion-complexation between XA and chitosan mole-
cules forms hydrophobic fields. In a concentration
range lower than C,,, The amount of non-freezing
water bound to XA chains decreases according to the
increase of junction points with increasing chitosan
concentration. In a concentration range higher than
Cmax the amount of non-freezing water bound to
chitosan chains increases with the increase of
chitosan concentration.

The above results obtained by viscoelastic mea-
surements and differential scanning calorimetry, indi-
cate that XA-chitosan systems form inter-molecular
linking via electrostatic interaction. The concentra-
tion required to form linking is limited to a narrow
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Fig. 10 Relationship between G’ and W, ® — chitosan 10 and
W — chitosan 100
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range, however, the molecular properties are markedly
influenced by loose loop formed between XA and
chitosan.

Acknowledgements

This work was supported by Grant-in-Aid for 21% Century
COE Program by the Ministry of Education,Culture, Sports,
Science, and Technology.

References

—

T. Sato, T. Norisue and H. Fujita, Macromolecules,

17 (1984) 2696.

T. Sato, T. Norisue and H. Fujita, Polym. J., 16 (1984) 341.

T. Sato, T. Norisue and H. Fuyjita, Polym. J., 16 (1984) 423.

M. Nakasagu and T. Norisue, Polym. J., 20 (1988) 939.

S. B. Ross-Murphy, V. J. Morris and E. R. Morris, Faraday

Symposia of the Chemical Society, 18 (1983) 115.

6 G. Cuveir and B. Launary, Carbohydr. Polym.,
6 (1986) 321.

7 R. K. Richardson and S. B. Ross-Murphy, Int. J. Biol.
Macromol., 9 (1987) 257.

8 M. Milas, M. Rinaudo, M. Knipper and J. L. Schuppiser,
Macromolecules, 23 (1990) 2506.

9 P. A. Williams, S. M. Clegg, D. H. Day, G. O. Phillips and
K. Nishinari, Food Polymers, Gels and Colloids,
E. Dickinson, Ed., RSC Publication, Cambridge 1991
pp- 339-348.

10 P. A. Williams, D. H. Day, K. Nishinari and G. O. Phillips,
Food Hydrocolloids, 4 (1991) 489.

11 P. A. Williams, P. Annable, G. O. Phillips and K. Nishinari,
Food Hydrocolloids, K. Nishinari and E. Doi, Eds., Plenum
Press, New York 1994, pp. 435-449.

12 T. Yoshida, M. Takahashi, T. Hatakeyama and
H. Hatakeyama, Polymer, 39 (1997) 1119.

13 J. Fujiwara, T. Iwanami, M. Takahashi, R. Tanaka,

T. Hatakeyama and H. Hatakeyama, Thermochim. Acta,
352-353 (2000) 241.

14 T. Iseki, M. Takahashi, H. Hattori, T. Hatakeyama and
H. Hatakeyama, Food Hydrocolloids, 15 (2001) 503.

15 S. Ungeheur, H. W. Bewersdroftf and R. P. Singh, J. Appl.
Polym. Sci., 37 (1989) 2933.

16 L. Su, W. K. Ji, W. Z. Lan and X. Q. Dong, Carbohydr.
Polym., 53 (2003) 497.

17 P. Adhikary and R. P. Singh, J. Appl. Polym. Sci.,

94 (2004) 1411.

18 S. Tokura, Cellulosics Utilization, H. Inagaki and
G. O. Philips, Eds., Elsevier Applied Science, (1989),
pp. 63.

19 M. Rinaudo, M. Milas and P. Le Dung, Int.. J. Biol.
Macromol., 15 (1993) 281.

20 K. Mazeau, S. Perez and M. Rinaudo, J. Carbohydr.
Chem., 9 (2000) 1269.

21 G. Berth and H. Dautzenberg, Carbohydr. Polym.,

47 (2002) 39.
22 V.. Pedroni, P. C. Schults, M. E. Gschaider and
N. Andreucetti, Colloid Polym. Sci., 282 (2003) 100.

WA W

673



TAKAHASHI et al.

23 T. San-nan, K. Kurita and Y. Iwakura, Makromol.
Chemie, 176 (1975) 1191.

24 K. Kurita, Y. Koyama, S. Nishimura and M. Kamiya,
Chem. Lett., 1989 (1989) 1597.

24 K. Kurita, Y. Koyama and S. Nishimura, Carbohydr.
Polym., 16 (1991) 83.

25 K. Kurita, A. Yoshida and Y. Koyama, Macromolecules,
1988, 21, 1579-1583.

26 S. Hirano, Y. Yamaguchi and M. Kamiya, Carbohydr.
Polym., 48 (2002) 203.

27 B. Immirzi, M. Malinconico, G. Romano, R. Russo and
G. Santagata, J. Mater. Sci. Lett., 22 (2003) 1389.

28 G. Maurstad, S. Danielsen and B. T. Stokke, J. Phys.
Chem. B, 107 (2003) 8172.

674

29 Mandara, C. Michon and B. Launay, Carbohydr. Polym.,
58 (2002) 285.

30 G. Maurstad and B. T. Stokke, Biopolymers, 74 (2004) 199.

31 M. Chaisawang and M. Suphantharika, Carbohydr.
Polym., 61 (2005) 288.

32 G. Maurstad, A. R. Bausch, P. Sikorski and B. T. Stokke,
Macromol. Symp., 227 (2005) 161.

33 A. C. Wali, B. V. K. Naidu, N. N. Mallikarjuna,
S. R. Sainkar, S. B. Halligudi and T. M. Aminabhavi,
J. Appl. Polym. Sci., 96 (2005) 1996.

DOI: 10.1007/s10973-006-7648-5

J. Therm. Anal. Cal., 85, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


