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Pomegranate peel natural dye solution was prepared and used to dye wool fabrics. The effects of mordant type, concentration, and
chemical post-treatment on color yield and fastness properties were investigated. The naturally dyed fabrics had between 6.63-23.05
(K/S) color strength, and the color fastness results of the dyed fabrics were moderate/high level. The selected dyed fiber sample surfaces
were observed using a scanning electron microscope. The SEM images of the dyed fabrics demonstrated a smooth surface profile. The
experimental study showed that waste pomegranate peel extract was suitable for the natural dyeing of wool fabrics.
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OZET

Nar kabugu boya ¢ozeltisi hazirlanarak yiinli kumas boyamasinda kullanilmistir. Renk ve hasliklar tizerine mordan tipi,
konsantrasyonu, kimyasal ard islemin etkisi incelenmistir. Boyali kumaglar 6.63-23.05 arasinda renk verimine, orta/yiiksek seviyede
renk hasliklarina sahiptir. Segilen lif 6rnek yiizeyleri electron mikroskobu ile gdzlemlenmistir. Boyali kumaslarin SEM fotograflarindaki
lifler diizgiin yiizeye sahiptir. Deneysel ¢alisma atik nar kabugu ekstraktinin yiin kumasi dogal olarak boyanmasi i¢in uygun oldugunu

gostermistir.

Anahtar Kelimeler: Dogal boya, Yiin, Boyama, Haslik, Punica granatum.

Corresponding Author: Mustafa Tutak, mtutak@erciyes.edu.tr, Tel: +90 352 207 66 66

1. INTRODUCTION

Natural dyes have been widely used in the coloring of
various materials and natural fibers including wool, silk,
cotton and leather since ancient times (1). Natural dyes are
non-allergenic, and non-toxic to the human body and the
environment in comparison to synthetic dyes; hence the
usage of natural dyes in textile dyeing is increasing day by
day (2-5). The dyeing of textile natural fibers with plant
extracts is generally carried out by using different parts of
the plant such as the peel, flowers, leaves and seed. The
peel is preferred in dyeing because of its high percentage of
coloring agent but removal of the peel from the plant can
threaten the life of the plant. Hence the waste parts of
pomegranate peel extract can be used as a natural dye for
wool textile fabrics. Pomegranate (Punica granatum), which
belongs to the family Punicaceae, is one of the most
frequently consumed fruits in many regions across the
World. Pomegranate fruit and juice exhibit medical
properties such as antioxidant activity and antibacterial
properties, and are beneficial to those with diabetes, heart
disease, and cancer. Only the inside part of the
pomegranate fruit is used for juice while the peel is waste. In
this study, the unused parts of the pomegranate peel were
used as a natural dyeing agent for wool fabric coloration.
The chemical structure of the dye in pomegranate peel is
shown Figure 1(6).
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Figure 1. The chemical structure of the main components of
pomegranate peel extract, (a)tannic acid, (b)juglone, and
(c)gallic acid.

According to the literature survey, there are various studies
on pomegranate fruit and peel. Al-Rawahi et al. studied the
thermal characteristics of the water soluble extract of
pomegranate peel. Their study demonstrated that there is a
relationship among the freezing curve, glass transition line,
and ultimate maximal-freeze-concentration conditions (7).
Gaula investigated the ultrasound-assisted extraction of
pomegranate seeds, according to seed particle size,
extraction temperature, solvent/solid ratio, amplitude level,
and pulse duration/pulse interval ratio (8). Dkhil studied
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methanolic extract of Punica granatum peel in vivo for its
pharmacological, antioxidant and anti-coccidial properties
and in vitro for its anthelmintic activity. The study revealed
that pomegranate as a natural product has protective effects
against E. papillata-induced coccidiosis as well as
possessing anthelmintic activity (9). Devatkal et al
demonstrated the antibacterial activity of pomegranate peel
against bacteria isolated from poultry meat. Their results
showed the potential application of pomegranate peel
extract as an antibacterial agent against P. stutzeri (10).
Altunkaya et al. investigated the antioxidant capacity of
pomegranate peel powder, a by-product of the pomegranate
juice industry rich in polyphenols, for use in bread
production, due to its potential health effects (11). Saad et
al. studied the phenolic extractives of pomegranate peels;
their analysis shows fluctuating rates of total polyphenols,
and condensed and hydrolysable tannins between the
different cultivars (12). Nuamsetti et al. investigated the in
vitro antibacterial activities of different extracts of
pomegranate fruit peels and arils (with seeds) by the agar-
well diffusion and broth dilution methods against different
bacteria (13). Young et al. investigated the antibacterial
functionality of natural colorant extracts, five kinds of natural
dying aqueous solutions were obtained by extraction from
peony, pomegranate, clove, coptis chinensis and gallnut
(14). Eun et al. studied dyeing and deodorizing properties
of natural colorant extracts that were obtained by extraction
from gardenia, coffee sludge, and pomegranate. Their
experimental results show that dyeing, color fastness, and
deodorizing properties were significantly dependent on the
concentration of extracts, the structure of colorant, and the
kind of fabrics (15). There are limited studies related to the
dyeing properties of pomegranate peel dye. Therefore, in
the present study, its usage in the dyeing of wool fabric was
investigated in terms of utilization of pomegranate fruit peel
waste (16).

2. MATERIAL AND METHOD
2.1. Fabric

The wool fabric was supplied ready for dyeing by Yinsa
Textile Company (Turkey). The characteristics of the fabric
were as follows: woven twill 1/1, 155 g/mz. The warp and
weft yarns density of these fabric were 32 and 35 threads
per cm, respectively.

2.2. Pomegranate peel dye extraction and wool
fabric mordanting

Waste pomegranate fruit peel was used as a natural dye
source in the present study; this was supplied from AKDEM
herbal firm (Yalova/Turkey). The raw materials were kept in
boiled distilled water (the rate of dry natural dye source to
distilled water was 1:20) for the purpose of extraction. The
obtained colored solutions were filtered and used in the
dyeing process.

The metal salt iron sulfate was used as mordant (M1); (MO)
denoted no-mordant application. The dyeing procedure of
the textile fabrics using a pre-mordanting technique is
shown in Figure 2.

2.3. Dyeing and post-treatment

All of the dyeing processes were carried out in a laboratory
dyeing machine (Termal, Turkey) at a liquor ratio of 1/20
according to the exhaustion technique. The dyeing and

post-treatment diagram is shown in Figure 2. The dyeing
process was started at 25 °C. The fabric, mordant and
natural dye were added respectively, and the temperature
was then raised to 90 °C. Dyeing continued at this
temperature for a further 45 min. After dyeing, the selected
dyed fabrics were ftreated with tannic acid at different
concentrations and then further washing of the dyed fabric
was carried out in cold, boiled, boiled with non-ionic
detergents and cold rinsing. It was reported in the literature
(17-18) that color fastness could be developed with the use
of tannic acid. In this study, it was aimed to obtain high color

fastnesses by the use of tannic acid in different
concentrations.
T (cY)
90 _
i A:Fabric
i B Mordant
i C: Natural dye
I D: Post-treatment
i E: Washing
25 \ i \ E
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Figure 2. Mordanting, natural dyeing, and post-treatment diagram
2.4. Determination of color performance

The spectral reflectance measurements of the naturally
dyed fabrics were determined using a Konica Minolta 3600d
spectrophotometer. Color strength was expressed as K/S
values of the dyed samples. The light fastness of the
naturally dyed fabrics was determined according to the TSE
1008 EN ISO 105-B02 standard. Irradiation of the dyed
fabrics was carried out using a Xenotest 150S+ light
fastness test instrument (Atlas). The washing and rubbing
fastnesses of the naturally dyed samples were determined
according to TS EN I1SO 105-C06, and TS 717 EN ISO 105-
X12 standards, respectively. The dyed samples were
conditioned at 25 ° C and a relative humidity of 60 % for 4 h
before testing.

2.5. SEM analysis

A scanning electron microscope (SEM) ZEISS EVO LS10
was used to characterize the surface morphology of the
wool fibers after the dyeing process. The fiber sample
surfaces were analyzed at Erciyes  University
Nanotechnology Research Center.

3. RESULTS AND DISCUSSION
3.1. Color and fastness properties

Table 1 shows the color properties of the selected naturally
dyed fabrics in which there was no-mordant application
depending on the dyeing conditions.

The selected dyeing results of the no-mordant wool fabric
are given in Table 1. Light brown colors were obtained with
direct application (no-mordant) of the colored solution to the
wool fabric. The K/S color strength values increased as the
pomegranate peel amount increased. The D2 and D3 K/S
values are higher than D1. When the fastness results were
examined, it was found that light, rubbing, and washing
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fastness had the same level in general. Tannic acid post-

treatment had no positive/negative effect on no-mordant

Table 1. Color properties of dyed wool fabrics with no-mordant (MO) application

dyeing according to the color strength and fastness levels.

Post CIE color coordinates
Sample Mordant and Pom. peel treatment . K/S color
) Obtained color
number concentration amountl type and strength R . R
concentration L a b
D1 MO 50 10.01 63.7 2.01 29.11
D2 MO 100 3% tannic 16.74 59.8 5.92 33.14
acid
D3 MO 100 5% tannic 15.74 59.37 5.95 32.13
acid
Table 2. Color properties of dyed wool fabrics subjected to iron sulfate-mordant (M1) application
Pom. peel Post- CIE color coordinates
Sample Mordant and -P treatment . K/S color
) amount Obtained color
number concentration (%) type and strength R . .
° concentration L a b
D4 M1 2% 5 - 6,63 42.48 2.97 8.79
D5 M1 5% 10 - 10,13 35.91 2.69 7.5
D6 M1 5% 100 Tannie acid 21,04 24.01 3.55 4.43
D7 M1 10% 50 - 17,95 27.95 2.93 5.25
D8 M1 10% 100 - 23,05 19.54 1.15 1.55
D9 M1 20% 100 - 18,24 26.42 2.26 4.11
D10 M1 20% 100 Ta”gif/o acid 20,11 25.22 2.27 4.36
D11 M1 30% 100 - 22,60 20.88 0.89 2.59
D12 M1 30% 100 Tantie acid 21,84 22.97 1.29 4.01
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Table 3. Light, rubbing, and washing fastness levels of naturally dyed

fabrics

Sample | Light Rubbing fastness Washing fastness

number | fastness | dry wet staining | changing
D1 3/4 5 4/5 5 5
D2 4 5 4/5 5 5
D3 4 5 4/5 5 5
D4 5 5 4/5 5 4/5
D5 5 5 4/5 5 4/5
D6 6 4 3/4 5 4
D7 6 4/5 4 5 4
D8 5 4 3/4 4/5 5
D9 5 4/5 3/4 5 5
D10 5 5 4/5 5 4/5
D11 5/6 5 4 5 5
D12 6 4/5 3/4 5 5

3.2. Naturally dyed wool fiber surface analysis

The SEM images (Figure 3, a-d) show no distinguishable
physical modification of the dyed fiber. The surface of the
dyed wool fiber is smooth and undamaged. There are
mineral deposits on the surface of the wool fibers (3b, 3c,
3d) depending on the usage of the M1 mordant but there
are no mineral deposits on the wool fiber surface (4a) using
the no-mordant application.

2 pm* EHT =20.87 kv
WD =12.0 mm

Signal A = VPSE G3
Mag= 5.00KX

Date :5 Sep 2013
Time :16:35:49

4. CONCLUSION

The waste parts of pomegranate peel were used as a natural
dyeing agent for wool fabric natural coloration. For this purpose,
iron sulfate mordant was used at different concentrations and
tannic acid post-treatment was conducted. Pomegranate peel
natural dye solutions were extracted and applied to 100% wool
fabrics. The natural dyeing performances of these fabrics were
determined considering color strength (K/S), SEM analysis and
color fastness properties. The color strenght of the natural dye
on the wool fabric was found to be highly dependent of the
pomegranate peel amount (%) and mordant concentration. Un-
mordanted dyed samples had good properties of rubbing and
washing fastness. Mordant iron sulfate was found to give good
light fastness (rating 5-6). The 5000X magnification SEM image
of the treated with iron sulfate mordant showed formation
mineral deposits on the surface of the dyed wool fiber.
According to the experimental results waste pomegranate peel
extract dye is appropriate for wool fabric natural dyeing in term
of sufficient color and fastness properties.
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Figure 3. Selected SEM images at 5000X magnification of naturally dyed fibers (a:non-mordant D2, b:5% mordant D5, ¢:10 % mordant D8,

d: 20% mordant, D10)

84

TEKSTIL ve KONFEKSIYON 24(1), 2014



REFERENCES

16.
17.
18.

20.

Bechtold, T., Mussak, R., 2009, “Historical Aspect”, Handbook of Natural Colorants, Wiley, Belgium, pp:3-17.

Hou, X.L., Chen, X.Z., Cheng, Y.X., Xu, H.L., Chen, L.F., Yang, Y.Q., 2013, “Dyeing and UV-protection properties of water extracts from orange peel”,
Journal of Cleaner Production, 52, pp:410-419.

Shahid, M., Shahid-ul-Islam, M., F., 2013, “Recent advancements in natural dye applications: a review”, Journal of Cleaner Production, 53, pp: 310-331.

Boga, C., Delpivo, C., Ballarin, B., Morigi, M., Galli, S., Micheletti, G., Tozzi, S., 2013, “Investigation on the dyeing power of some organic natural
compounds for a green approach to hair dyeing”, Dyes and Pigments, 97, pp:9-18.

Tutak, M., Korkmaz, N.E., 2012, “Environmentally Friendly Natural Dyeing of Organic Cotton”, Journal of Natural Fibers, 9, pp:51-59.

Ghaheh, F.S., Nateri, A.S., Mortazavi, S.M., Abedi, D., Mokhtari, J., 2012, “The effect of mordant salts on antibacterial activity of wool fabric dyed with
pomegranate and walnut shell extracts”, Coloration Technology, 128, pp:473-47.

Al-Rawahi, A., Rahman, M.S., Waly, M., Guillemin, G.J., 2013, “Thermal characteristics of a water soluble extract obtained from pomegranate skin:
Developing a state diagram for determining stability”, Industrial Crops and Products, 48, pp: 198-204.

Goula, A.M., 2013, “Ultrasound-assisted extraction of pomegranate seed oil - Kinetic modeling”, Journal of Food Engineering, 117, pp:492-498.

Dkhil, M.A., 2013, “Anti-coccidial, anthelmintic and antioxidant activities of pomegranate (Punica granatum) peel extract’, Parasitology Research, 112,
pp:2639-2646.

Devatkal, S.K., Jaiswal, P., Jha, S.N., Bharadwaj, R., Viswas, K.N., 2013, “Antibacterial activity of aqueous extract of pomegranate peel against
Pseudomonas stutzeri isolated from poultry meat”, Journal of Food Science and Technology-Mysore, 50, pp:555-560.

Altunkaya, A., Hedegaard, R.V., Brimer, L., Gokmen, V., Skibsted, L.H., 2013, “Antioxidant capacity versus chemical safety of wheat bread enriched with
pomegranate peel powder”, Food & Function, 4, pp:722-727.

Saad, H., Charrier-El, B.F., Pizzi, A., Rode, K., Charrier, B., Ayed, N., 2012, “Characterization of pomegranate peels tannin extractives”, Industrial Crops
and Products, 40, pp:239-246.

Nuamsetti, T., Dechayuenyong, P., Tantipaibulvut, S., 2012, “Antibacterial activity of pomegranate fruit peels and arils”, Scienceasia, 38, pp:319-322.

Young, H.L., Eun, K.H., Han, D.K., 2009, “Colorimetric Assay and Antibacterial Activity of Cotton, Silk, and Wool Fabrics Dyed with Peony, Pomegranate,
Clove, Coptis chinenis and Gallnut Extracts”, Materials, 2, pp: 10-21.

Eun, K.H., Young, H.L., Han, D.K., 2008, “Dyeing, fastness, and deodorizing properties of cotton, silk, and wool fabrics dyed with gardenia, coffee sludge,
Cassia tora. L., and pomegranate extracts”, Fibres and Polymers, 9, pp:334-340.

Acar, G., 2013, “Developing of natural dyed fabric friendly with nature and human health”, M.Sc. Dissertation, Erciyes University, Kayseri/Turkey.
Burkinshaw, S.M., Kumar, N., 2008, “A tannic acid/ferrous sulfate aftertreatment for dyed nylon 6,6”, Dyes and Pigments, 79, pp: 48-53.

Sheikh, M.R.K, Farouqui, A.N., Yahya, R., Hassan, A., 2011, “Effect of Acid Modification on Dyeing Properties of Rajshahi Silk Fabric with Different Dye
Classes”, Fibres and Polymers, 12, pp:642-647.

Guesmi, A., Ben Hamadi, N., Ladhari, N., Sakli, F., 2012, “Dyeing properties and colour fastness of wool dyed with indicaxanthin natural dye”, Industrial
Crops and Products, 37, pp:493-499.

Lee, Y.H., Kim, H.D., 2004, “Dyeing properties and colour fastness of cotton and silk fabrics dyed with Cassia tora L. extract’, Fibers and Polymers, 5,
pp:303-308.

TEKSTIL ve KONFEKSIYON 24(1), 2014 85




<<
  /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


