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Abstract Antioxidant and anti-adipogenic activities of water extract (WE) and methanol extract (ME)
of acorn shells (AS), from Quercus acutissima Carruth. grown in Korea, were investigated. At a
concentration of 50 pug/mL, the WE had a scavenging activity of 53.84% for the DPPH and 76.09% for

the ABTS radical, while the ME had corresponding scavenging activities of 29.09 and 48.43%. Total
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phenolic contents of WE and ME were 375.96 and 288.01 mg gallic acid equivalents/g of extracts,
respectively. Both extracts significantly inhibited 3T3-L1 adipogenesis in a dose-dependent manner,
and concomitantly decreased the size and number of intracellular lipid droplets. Furthermore, the anti-
adipogenic activities of WE and ME are largely limited in the pre- and early stages of adipogenesis. The
results suggest that AS may be a promising source of antioxidants and anti-obesity compounds.
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Introduction

Acorn is the fruit of the Quercus tree, belonging to the Fagaceae
family, and has been traditionally used as an astringent, antidiarrheal,
and antidote in Asian countries (1). It is mainly composed of
carbohydrates (2), and contains various phenolic compounds that
have shown beneficial properties such as antioxidant activity (3),
prevention of degenerative diseases (4), improvement of the lipid
profile in obese rats (5), and anti-diabetic activity (6-8). Although
there are many studies in which the physiological activities of acorn
have been reported, most of these studies were focused on the
edible parts of the acorn kernel. In Korea, acorn has been widely
consumed in the form of jelly, using its starch, and the acorn shell is
generated as byproducts after processing at an industrial scale. These
byproducts comprise approximately 20% (w/w) acorn, and are either
discarded or underutilized. In this study, we evaluated the potential
of AS as a source of high-value antioxidants and anti-obesity materials.
We performed this study to explore the total phenolic and tannin
contents and ability to scavenge DPPH and ABTS radicals, and
evaluated anti-adipogenic activity in 3T3-L1 cells.

Materials and Methods

Reagents Folin-Ciocalteu reagent was purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Dulbecco’s Modified Eagle’s

Medium, penicillin-streptomycin, and bovine calf serum were obtained

@ Springer

from Welgene Inc. (Daegu, Korea). Fetal bovine serum was purchased
from GE Healthcare Bio-Sciences Co. (Piscataway, NJ, USA). Other
reagents were obtained from Sigma-Aldrich Co. (St. Louis, MO, USA).

Preparation of extracts Acorns of Quercus acutissima Carruth.
were purchased at local shop (Changwon, Korea) in November 2014,
and their shells were removed and collected. The acorn shells (AS)
were dessicated in a dry oven (Sangwoo Co., Incheon, Korea) at 50°C
for 12 h, and the shells were then ground using a blender (Samyang
Co., Gimpo, Korea). The resulting powder, with a particle diameter
smaller than 710 pum (25 mesh), was used in the following extraction
preparation. Water extract (WE) was prepared with deionized water
(1 g/100 mL) at 100°C for 30 min, and methanol extract (ME) was
made with methanol (1 g/100 mL) at 25°C for 12 h according to the
method described by Ishida et al. (9). Three different extraction
processes were carried out, and the extracts were combined. Average
extraction yields of WE and ME were 11.6 and 6.8% (w/w powder),
respectively. The extracts were then dissolved in dimethlsulfoxide
(DMSO0) and stored in a deep freezer (Operon Co., Seoul, Korea) at
—70°C for further experiments.

DPPH and ABTS radical scavenging activity (RSA) and ABTS RSA
The DPPH and ABTS RSAs of the extracts were determined by the
methods of Lee et al. (10) and Re et al. (11), respectively. Ascorbic
acid was used as a positive control and all tests were carried out in
triplicate.
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Total phenolic content (TPC) and tannin content (TC) TPC in the
extracts were determined according to the method of Gutfinger (12),
and TC of dried AS was determined according to the method of
Yonemori et al. (13). TPC and TC were expressed as g gallic acid
equivalents (GAE).

Cell culture and adipocyte differentiation The second day after
confluency was designated as Day 0. 3T3-L1 preadipocytes were
treated with 10, 50, 100, and 200 pg/mL of the WE and ME during
Day —2 to Day 6. 3T3-L1 cell culture and adipocyte differentiation was
conducted according to our previously reported method (14).

Oil Red O (ORO) staining ORO staining was performed according
to our previously reported method (14). The ORO-stained cells were
photomicrographed (KI2000; Korea Lab Tech, Seongnam, Korea) at
maghnifications of 250x for image analysis.

Statistical analysis All data were expressed as mean#SD. Statistical
analysis was performed using SPSS software (SPSS Inc., Chicago, IL,
USA) and the significance of differences between the groups was
verified using a one-way analysis of variance (ANOVA) followed by
either a Duncan’s or Student’s t-test (p-value <0.05).

Results and Discussions

Antioxidant activity Antioxidant activity of AS was evaluated by
determining its scavenging activity against DPPH and ABTS radicals.
Figure 1A shows DPPH RSA of the extracts prepared from AS at 50,
100, 150, 200, and 250 pg/mL concentrations. The WE showed
stronger DPPH scavenging activity (53.84%) than that shown by ME
(29.09%) at 50 pg/mL. The scavenging activity of ascorbic acid, the
positive control, was 56.71% (40 pg/mL). DPPH RSA of the ME of
Serbian acorn kernels has been reported as 94.29-94.97% at a
concentration of 50 pg/mL (15), although the Quercus species and
extraction method used were different from those in our study.
DPPH RSA of WE and ME (40 pg/mL) from shells of Japanese Quercus
acta was reported as approximately 50 and 60%, respectively (9).
As shown in Fig. 1B, WE showed consistently higher ABTS RSA
than ME. At 50 pug/mL, WE and ME scavenged 76.09 and 48.43% of
ABTS radicals, respectively. The ABTS RSA of 20 pg/mL ascorbic acid
was 70.94%. RSA for ABTS was stronger in both extracts than for
DPPH. This resulted from the capacity of ABTS to determine both
hydrophilic and hydrophobic antioxidant substances, while DPPH can
only be used to measure hydrophobic antioxidant substances (16).
The TPC of WE and ME was determined to be 375.96 and 288.01
mg GAE/g, respectively. The higher phenolic contents of WE may
have contributed to its comparatively higher antioxidant activity. The
difference in the TPC of WE and ME may be explained in two ways.
Firstly, WE was prepared at a higher temperature (100°C) than ME
(25°C). Bio-materials are easily extractable at high temperatures.
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Fig. 1. (A) DPPH and (B) ABTS radical scavenging activities (RSAs) of

water extract (WE) and methanol extract (ME). Values with different

letters on the bars in each figure are significantly different by Duncan’s

test at p<0.05. WE, water extract of acorn shells; ME, methanol extract
of acorn shells

Secondly, water-soluble phenolics are more prevalent than methanol-
soluble ones in the AS. On the other hand, WE and ME prepared by
the same method with this study using AS of Japanese Quercus acta
showed a different antioxidant trend, where ME showed higher
activity (9). Thus, different oak species show different antioxidant
activity and TPC. Gallic acid, in its free or esterified form, has been
reported as the main phenolic compound in acorn and its shells
(4,9,17). Meanwhile, ME of acorn kernels of Quercus suber showed
higher antioxidant activity than that shown by WE (4).

Tannins, which are found in various plant-based foods, are
potentially important biological antioxidants (18). We found that
dried AS contained 128.99 and 73.97 mg/g (w/w) soluble and
insoluble tannins, respectively, and TC of AS was calculated as 205.96
mg/g. It is difficult to determine individual TC of WE and ME because
of methodological problems.

Anti-adipogenic activity To test whether WE and ME treatments
can suppress 3T3-L1 adipogenesis, 3T3-L1 cells were exposed to 10,
50, 100, and 200 pg/mL WE and ME from Day -2 to Day 6 (Fig. 2A).
The lipid accumulation of 3T3-L1 adipocytes was dose-dependently
and significantly (p<0.05) inhibited by 70.16, 96.03, 97.79, and 100%
in WE and 28.72, 55.34, 84.51, and 100% in ME treatments at 10, 50,
100, and 200 pg/mL from Day —2 to Day 6, respectively (Fig. 2B). This
result correlated with decreased intracellular lipid droplets in 3T3-L1
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Fig. 2. Anti-adipogenic activities of WE and ME (A) Scheme of 3T3-L1 differentiation. (B) Anti-adipogenic activities of WE and ME. (C)
Photomicrographs of decreased lipid droplets. Corresponding letters indicate significant differences based on Student’s t-test (**p<0.01, and
**%p<0.001). WE, water extract of acorn shells; ME, methanol extract of acorn shells; Pre, preadipocytes; Adi, adipocytes

cells as shown in Fig. 2C. Adipogenesis occurs progressively throughout
life in humans (19). Thus, to inhibit adipogenesis is crucial for the
prevention of obesity (20). In line with the results regarding antioxidant
activity, anti-adipogenic activity of WE was stronger than that of ME,
suggesting that phenolic compounds, mainly gallic acid, were a
pivotal factor in antioxidant and anti-adipogenic activities of AS.

To investigate the adipogenesis stage responsible for mediating
the anti-adipogenic activities of WE and ME, 3T3-L1 cells were
treated with 200 pg/mL WE and ME at various stages of adipogensis
including pre- (A), early (B), intermediate (C), and terminal (D) stages
as shown in Fig. 3A. Lipid accumulation in WE- and ME-treated 3T3-
L1 cells during the A, B, C, and D stages was inhibited by 68.77, 74.73,
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Fig. 3. Inhibitory effects of WE and ME in the various stages of 3T3-L1 adipogenesis. (A) Scheme of 3T3-L1 differentiation. The letter of A, B, C, D in
arrow indicate the ME- and WE-treated stages (pre-, early, intermediate, and terminal stages) in 3T3-L1 adipogenesis (B) Lipid droplets were
quantified at a wavelength of 510 nm. (C) The decreased lipid droplets were visualized using ORO staining. Corresponding letters indicate
significant differences based on Student’s t-test (*p<0.05, **p<0.01, and ***p<0.001). WE, water extract of acorn shells; ME, methanol extract of
acorn shells; Pre, preadipocytes; Adi, adipocytes

39.07, and 9.85% in WE and 63.84, 63.07, 35.92, and 0% in ME  was observed than during treatments in C and D stages. Similarly, a
treatment, respectively (Fig. 3B). In WE and ME treatment (200 ug/  dramatic decrease in lipid droplets was observed, particularly in A
mL) during A and B stages, stronger inhibition of lipid accumulation  and B stages (Fig. 3C). Together, these results suggest that inhibitory
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action of WE and ME was largely limited to the pre and early stages
of adipogenesis. Adipogenesis is dependent on coordinated regulation
of hormones, adipokines, nutrients and transcriptional factors. Here,
we observed that WE and ME are strong regulators of adipogenesis
although direct molecular targets are still unclear. However, a partial
explanation is that WE and ME could be acting as regulators in pre
and early stages of adipogenesis, since it was recently reported that
the resveratrol inhibited adipogenesis through modulation of mitotic
clonal expansion by suppression of the cell cycle entry in the early
stage of adipogenesis (21). In addition, inhibition of preadipocytes
into G2/M phase in the early stage requires phosphorylation of the
insulin receptor, insulin receptor substrate-1, and the Akt pathway
(22). Therefore, we speculated that inhibitory activities of WE and
ME, particularly the gallic acid abundant in AS, is mediated by
regulation of the cell cycle and insulin signaling in the early stage of
adipogenesis. In conclusion, our evidence supports the potential of
AS as natural antioxidant and anti-adipogenic materials for the
development of functional foods.

Acknowledgment This work was supported by Kyungnam University
Foundation Grant, 2015.

Disclosure The authors declare no conflict of interest.

References

1. Kim BN. A study on the literature review of acorn in Korea. Korean J. Food
Cook. Sci. 11: 158-163 (1995)

2. Shim TH, Jin YS, Sa JH, Shin IC, Heo SI, Wang MH. Studies for component
analysis and antioxidative evaluation in acorn powders. Korean J. Food Sci.
Technol. 36: 800-803 (2004)

3. Raki¢ S, Povrenovi¢ D, TeSevi¢ V, Simi¢ M. Maleti¢ R. Oak acorn, polyphenols
and antioxidant activity in functional food. J. Food Eng. 74: 416-423 (2006)

4. Custodio L, Patarra J, Albericio F, da Rosa Neng N, Nogueira JMF, Romano A.
Phenolic composition, antioxidant potential and in vitro inhibitory activity of
leaves and acorns of Quercus suber on key enzymes relevant for hyperglycemia
and Alzheimer’s disease. Ind. Crop. Prod. 64: 45-51 (2015)

10.

11.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Antioxidant activity of acorn shells 1187

. Kang MH, Lee JH, Lee JS, Kim JH, Chung HK. Effects of acorn supplementation

on lipid profiles and antioxidant enzyme activities in high fat diet-induced
obese rats. Korean J. Nutr. 37: 169-175 (2004)

. Dogan A, Celik |, Kaya MS. Antidiabetic properties of lyophilized extract of

acorn (Quercus brantii Lindl.) on experimentally STZ-induced diabetic rats. J.
Ethnopharmacol. 176: 243-251 (2015)

. Tadayoni M, Sheikh-Zeinoddin M, Soleimanian-Zad S. Isolation of bioactive

polysaccharide from acorn and evaluation of its functional properties. Int. J.
Biol. Macromol. 72: 179-184 (2015)

. Toori MA, Mirzaei M, Mirzaei N, Lamrood P, Mirzaei A. Antioxidant and

hepatoprotective effects of the internal layer of oak fruit (Jaft). J. Med. Plants
Res. 7: 24-28 (2013)

. Ishida Y, Hirota T, Sato S, Kamegai M, Kim SK, Park SY, Koo DH, Shon MS, Kim

GN, Park HR, Lee SC. Discriminative analysis of free and esterified gallic acids
in acorn shells by thermochemolysis-gas chromatography/mass spectrometry
in the presence of organic alkalis. J. Anal. Appl. Pyrol. 116: 114-119 (2015)
Lee SC, Kim JH, Jeong SM, Kim DR, Ha JU, Nam KC, Ahn DU. Effect of far-
infrared radiation on the antioxidant activity of rice hulls. J. Agr. Food Chem.
51: 4400-4403 (2003)

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evan C. Antioxidant
activity applying improved ABTS radical cation decolorization assay. Free
Radical Bio. Med. 26: 1231-1237 (1999)

. Gutfinger T. Polyphenols in olive oil. J. Am. Oil Chem. Soc. 58: 966-968 (1981)
. Yonemori K, Oshida M, Sugiura A. On the nature of coagulated tannins in

astringent-type persimmon fruit after an artificial treatment of astringency
removal. Postharvest Biol. Tec. 8: 317-327 (1996)

Shon MS, Kim SK, Song JH, Lee SC, Kim GN. Anti-adipogenic activity of blue
mussel (Mytilus edulis) extract by regulation of 3T3-L1 adipogenesis through
Wnt/B-catenin signaling pathway. Food Sci. Biotechnol. 24: 315-321 (2015)
Raki¢ S, Petrovi¢ S, Kuki¢ J, Jadranin M, Te$evié V, Povrenovi¢ D, Siler-
Marinkovi¢ S. Influence of thermal treatment on phenolic compounds and
antioxidant properties of oak acorns from Serbia. Food Chem. 1042: 830-834
(2007)

Floegel A, Kim DO, Chung SJ, Koo SI, Chun OK. Comparison of ABTS/DPPH
assays to measure antioxidant capacity in popular antioxidant-rich US foods. J.
Food Compos. Anal. 24: 1043-1048 (2011)

Lee MH, Jeong JH, Oh MJ. Antioxidative activity of gallic acid in acorn extract.
J. Korean Soc. Food Nutr. 21: 693-700 (1992)

Hagerman AE, Riedl KM, Jones GA, Sovik KN, Ritchard NT, Hartzfeld PW,
Riechel TL. High molecular weight plant polyphenolics (tannins) as biological
antioxidants. J. Agr. Food Chem. 46: 1887-1892 (1998)

Grepoire FM, Smas CM, Sul HS. Understanding adipocyte differentiation.
Physiol. Rev. 78: 783-809 (1998)

Hwang JT, Park 1J, Shin JI, Lee YK, Lee SK, Baik HW, Ha J, Park OJ. Genistein,
EGCG, and capsaicin inhibit adipocyte differentiation process via activating
AMP-activated protein kinase. Biochem. Bioph. Res. Co. 338: 694-699 (2005)
Kwon JY, Seo SG, Yue S, Cheng JX, Lee KW, Kim KH. An inhibitory effect of
resveratrol in the mitotic clonal expansion and insulin signaling pathway in the
early phase of adipogenesis. Nutr. Res. 32: 607-616 (2012)

Kwon JY, Seo SG, Heo YS, Yue S, Chen JX, Lee KW, Kim KH. Piceatannol, natural
polyphenlic stilbene, inhibits adipogenesis via modulation of mitotic clonal
expansion and insulin receptor-dependent insulin signaling in early phase of
differentiation. J. Biol. Chem. 287: 11566-11578 (2012)

August 2016 | Vol. 25 | No. 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [2834.646 2834.646]
>> setpagedevice


