J Am Oil Chem Soc (2008) 85:755-760
DOI 10.1007/s11746-008-1242-x

ORIGINAL PAPER

Lipase-Catalyzed Synthesis of p-Psicose Fatty Acid Diesters

and their Emulsification Activities

Ghanwa Afach - Yasuhiro Kawanami -
Nopparat Cheetangdee - Kazuhiro Fukada -
Ken Izumori

Received: 14 December 2007 /Revised: 18 March 2008 / Accepted: 22 April 2008 / Published online: 6 June 2008

© AOCS 2008

Abstract The diesterification of b-psicose (the C-3 epimer
of p-fructose) with fatty acid vinyl esters of selected acyl
chain lengths (Cg, Co, and C,) was successfully carried out
using Candida antarctica lipase (Novozym 435) at 45 °C for
24 h to give the 1,6-diacyl-p-psicofuranoses with a high
regioselectivity in good yields (83-90%). These diesters of
D-psicose have hydrophilic-lipophilic balance (HLB)
values (6.5-8.2) similar to HLB values of monoglyceride
compounds which constitute the largest single type of
emulsifiers employed by the food industry. Ability of the
D-psicose diesters to stabilize oil-in-water emulsions and the
weight-averaged oil-droplet diameter in the emulsions was
evaluated in this study. Emulsion stability of oil droplets
stabilized by p-psicose dicaprylate (0.3%, w/v in oil phase)
was comparable to p-fructose dicaprylate (0.2%, w/v). It was
further confirmed that the p-psicose diesters exhibited an
emulsification activity depending on the chain length of fatty
acid; p-psicose dicaprate showed better emulsion stability
than the other diesters.
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Introduction

Recently, Ghoul et al. reported that fructose monoesters
and a blend of mono- and diesters was more efficient in
stabilizing oil-in-water (O/W) emulsions than commer-
cially available sucrose esters [1]. These fructose esters are
nonionic emulsifiers used as the ingredient of low-fat
spreads, sauces, ice creams, or mayonnaise [2] and have
many advantages such as being non-toxic and having
an excellent biodegradability. However, investigations of
sugar-ester type emulsifiers containing other kinds of
monosaccharides have not yet been adequately performed.
Matsuo et al. [3] reported that p-psicose (the C-3 epimer of
p-fructose) suppressed hepatic lipogenic enzyme activities
and reduced intraabdominal fat accumulation. In addition,
they described that p-psicose was a sweet monosaccharide
that does not provide any energy to growing rats [4],
inhibits intestinal «-glucosidase activity, and suppresses
the glycemic response after sucrose and maltose ingestion
[5]. Further, p-psicose added as a supplement was dem-
onstrated to decrease plasma glucose levels and reduce
body fat accumulation. Therefore, D-psicose might be
useful in preventing postprandial hyperglycemia in
diabetic patients [6]. Taking into account these biological
activities of D-psicose, many promising applications are
expected for fatty acid esters of D-psicose as functional
emulsifiers in food.

We have recently succeeded in carrying out regioselec-
tive esterification of another bioactive monosaccharide
p-allose (the C-3 epimer of p-glucose) [7] using a similar
lipase-catalyzed transesterification of ordinary monosac-
charides [8—10] and demonstrated that the growth inhibiting
activity of 6-O-capryloyl-p-allose on lettuce seedlings was
about 6-fold greater than the activity of p-allose [11]. These
results suggested that the hydrophilic-lipophilic balance
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(HLB) of sugar derivatives might be an important factor for
controlling their bioactivities. It is further expected that
esterification with fatty acids could improve or at least
maintain the activity of p-psicose after hydrolysis by lipases
in a cell.

In this paper, we describe enzymatic synthesis of
D-psicose fatty acid diesters with selected acyl chains (Cg,
Ci0, and C,) via lipase-catalyzed transesterification (see
Fig. 1) and the emulsification activity of the D-psicose
diesters.

Experimental Procedures
Enzymes and Chemicals

Candida antarctica lipase (Novozym 435) immobilized on
a macroporous acrylic resin was purchased from Novo
Nordisk (Bagsvaerd, Denmark). p-Psicose was provided by
the Rare Sugar Research Center at Kagawa University. The
vinyl fatty acids (caprylate, caprate, and laurate) esters,
acetone, acetonitrile, tetrahydrofuran (THF), and xylene
(mixture of o, m, p isomers) were purchased from Wako
Chemical Co. (Tokyo, Japan). Commercially available
corn oil of Ajinomoto Co. (Tokyo, Japan) was purchased
from a local supermarket. The water was purified by
passing through a Barnstead D3750 system. All other
reagents were purchased from the Wako Chemical Co.,
Tokyo, Japan.

General Procedure for Synthesis of p-Psicose Diesters

The reaction was performed by adding Novozym 435
(80 mg) to 8 ml of a solution of the acylating agent (vinyl
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Fig. 1 Lipase-catalyzed transesterification of p-psicose with selected
fatty acid vinyl esters
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caprylate, vinyl caprate, and vinyl laurate, 1.332 mmol)
and well- mashed p-psicose (80 mg, 0.444 mmol) in an
organic solvent (acetone, CH3CN, or THF). The reaction
mixture was stirred by a magnetic bar at 350 rpm in a test
tube flask (personal organic synthesizer, Chemi Station
PPS-2510, EYELA, Japan) at 45 °C. Time course of lipase-
catalyzed reaction was monitored by thin layer chroma-
tography (TLC) on silica gel 60 (Merck, 0.25 mm) using a
solvent mixture of ethyl acetate/hexane (4:1, v/v) as the
mobile phase. The TLC plates were inspected after dipping
in a molybdenum solution in ethanol followed by heating.
The Ry values for the p-psicose, monoacyl derivatives,
diacyl derivatives, and fatty acid vinyl esters were 0.0,
0.24, 0.79, and 0.81, respectively.

Purification of the Produced p-Psicose Diesters

After 24 h, the immobilized lipase was removed from the
reaction mixture via filtration through a column packed
with Celite. After extraction and evaporation under reduced
pressure, the crude mixtures were washed several times
with hexane in order to remove the excess fatty acid vinyl
esters as well as triesters. Further purification of the mono-
and diacyl psicoses was accomplished by column chro-
matography on silica gel. The diesters were eluted with a
mixture of ethyl acetate and hexane (4:1, v/v) as the mobile
phase and then elution of the monoesters was accomplished
using a mixture of ethyl acetate and methanol (80:1, v/v).

Characterization of p-Psicose Diesters

The optical rotation values of pD-psicose diesters in meth-
anol solution were obtained using a Jasco P-1010 optical
rotation polarimeter. The IR spectra were taken by a Jasco
A 302 FT-IR spectrometer, using KBr disk. The mass
spectra were recorded by a Jeol JMS-SX 102A mass
spectrometer. The 'H- and '*C-NMR spectra were deter-
mined at 400 and 100 MHz, respectively, by a Jeol JNM-
A400 spectrometer in CD;0D at room temperature using
tetramethylsilane (TMS) as the internal standard. The Bc.
NMR spectrum of the psicose monoacyl derivatives con-
tains six sets of signals corresponding to a mixture of the
o and f anomers of 1-acyl psicopyranose, 1-acyl psicof-
uranose, and 6-acyl psicofuranose. An additional two
o anomers of 1-acyl psicopyranose and psicofuranose were
observed when compared to acyl fructose [12]. The
BC-NMR spectra of the psicose 1,6-diacyl derivatives
contain signals corresponding to the « and f anomers in
proportions of approximately 3:1, and the spectral data of
the sugar region and carbonyl atom of the psicose diesters
are summarized in Table 1. The carbon atoms corre-
sponding to the acyl skeleton of the psicose dicapryloyl had
the following chemical shift values at 34.9, 32.9, 30.2,
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Table 1 '>*C-NMR chemical shift (ppm) of the three different synthesized diacyl p-psicoses

Position o-A p-A o-B p-B o-C p-C

C-1 66 66.9 66 66.9 66 66.9

C-2 103.2 106 103.1 106 103.1 106

C3 72.5 76.2 72.5 76.2 72.5 76.2

C-4 72.5 73.3 72.4 73.3 72.5 73.3

C-5 81.5 81.7 81.5 81.7 81.6 81.7

C-6 65.1 65.7 65.1 65.7 65.1 65.7

Cc=0 175.4, 175.1 175.4, 174.7 175.1, 174.7 175.4, 174.7 175.1, 175.4 175.4, 174.7

A, 1,6-dicapryloyl-p-psicofuranose; B, 1,6-dicaproyl-p-psicofuranose; C, 1,6-dilauroyl-p-psicofuranose

Table 2 Melting points, optical rotations, MS data, and IR data for p-psicose fatty acid diesters

D-psicose fatty acid diesters Mp (°C) []E

EIMS (30 eV) m/z

IRV (KBr) cm™!

1,6-Di-O-capryloyl-p-psicofuranose ~ 58-61 +10.0
1,6-Di-O-caproyl-p-psicofuranose 71-74 +4.0
1,6-Di-O-lauroyl-p-psicofuranose 80-82 +2.0

414 MT-H,0)
470 (MT-H,0)
526 (MT-H,0)

3,421, 2,956, 1,743, 1,704, 1,197, 1,112, 964, 613
3,418, 2,921, 1,745, 1,703, 1,469, 1,195, 1,114, 965, 721
3,336, 2,918, 1,725, 1,466, 1,183, 1,083, 949, 861, 720

30.1, 26.0, 23.7 ppm (—CH,— carbon atoms), and
14.4 ppm (—CHj carbon atom). p-Psicose dicaprate and
dilaurate had similar carbon spectra to that of dicaprylate
with the exception of the carbons corresponding to the
additional carbon atoms (30.4, 30.6, and 30.7 ppm).
Melting points, optical rotations, MS data, and IR data for
D-psicose fatty acid diesters are summarized in Table 2.

HLB of the Synthesized p-Psicose Diesters

Emulsifiers can be classified according to the HLB system
which was originally devised by Griffin and can be used to
predict the surface-active properties of a molecule [13].
The HLB value can be determined by the weight ratio of
the hydrophilic versus lipophilic portions in the molecule
using the following equation:

HLB — 20 x molecular mass (hydrophilic fraction)

molecular mass (whole molecule)

The HLB values of the p-psicose diesters (caprylic, capric,
and lauric) were 8.2, 7.3, and 6.5, respectively.

Interfacial Tension

Interfacial tension between pure water and xylene (or corn
oil) containing the sugar diester was measured by means
of drop volume method employing a computer-controlled
apparatus (DVS-2000, Yamashita Giken, Tokushima,
Japan) [14]. (All sugar diesters used in this study were
soluble in xylene or corn oil but not in water.) The appa-
ratus can automatically determine the oil-water interfacial

tension from the maximum volume of a pendant drop
detached from the glass syringe immersed in the oil.

Stability of Emulsion and Oil Droplet Size

The emulsion stability was assessed as follows. The sugar
diester solution in xylene (or corn oil) was prepared and
homogenized with pure water using a rotor-stator-type
homogenizer (Polytron PT10-35, Kinematica, Switzerland)
at room temperature for 5 min. The oil-to-water volume
ratio was 3:2. To estimate the oil droplet size distribution
after the homogenization, a part of the specimens was
immediately diluted by water for the optical microscopy
observation. The oil droplets were observed in transmitted
light with a microscope (Labophot-2, Nikon, Japan)
equipped with CCD camera (Moticam 2000, Shimadzu,
Japan), and the microscopic images were recorded on a PC.
The diameters of the droplets were measured (one by one)
from the recorded images using Image J software. The
weight-averaged mean diameter, d43 (Endi1Znd?, where
n; is the number of particles with diameter d;), was calcu-
lated from the size distribution histogram.

On the other hand, the emulsions without dilution was
transferred to a graduated cylinder and kept in a thermo-
stated water bath at 30 °C. The volume of separated oil
was measured as a function of time and the volume
percentage of the separated oil relative to the initially
added oil was used as a measure of the emulsion stability.
When no clear oil release was observed, the time course of
light transmittance at 500 nm (75,) for the turbid oil-in-
water emulsion was recorded. We can use 7509 as a
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measure of the emulsion stability since Tsq increases with
time for unstable emulsions in which coalescence steadily
occurs between the dispersed oil droplets to give larger
droplets. A spectrophotometer (UV-1600, Shimadzu,
Japan) and a 1-cm cell was employed for the transmittance
measurements.

Results and Discussion
Synthesis of p-Psicose Diesters

First, we investigated the transesterification reaction of
D-psicose with vinyl caprylate (3 equiv) using Candida
antarctica lipase and an evaluation of reaction solvent
revealed that tetrahydrofuran (THF) is the optimum solvent
for the selective production of psicose diesters, providing
the complete conversion to 1,6-di-O-capryl-p-psicose
diester in 83% yield at 45 °C for 24 h without the mono-
ester (Fig. 2). This solvent effect is consistent with
diacetylation of p-fructose using vinyl acetate by Antona
et al. [15]. This regioselective acylation at the two primary
hydroxyl groups of p-psicose suggested that the produced
monoesters are present in solution as a mixture of the
pyranose and furanose form and the equilibrium between
psicofuranose and psicopyranose monoester would be
continuously shifted toward the furanose isomer until
the complete conversion of D-psicose to the 1,6-diacyl
psicofuranose is achieved (Fig. 1).

Furthermore, p-psicose dicaprate and dilaurate were
obtained using THF at 45 °C for 48 h under similar reac-
tion conditions in 86 and 90% yields, respectively. This
increase in the yield of the psicose diesters with longer
alkyl chains (C;( and C,,) is mainly due to the decreasing
solubilities of the formed psicose diesters as the chain
length of the acyl moiety increases.

100

kO

40

Conversbn &)

0 | L ! ! |
0 5 10 15 =20 25 30 35 40 45
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Fig. 2 Reaction progress of lipase-catalyzed transesterification of

D-psicose with vinyl caprylate at 45 °C. Solvent; (filled circles): THF,
(filled squares): acetonitrile, (filled triangles): acetone
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Oil-Water Interfacial Tension

The oil-water interfacial tension for the solutions of
D-fructose dicaprylate, p-psicose dicaprylate, dicaprate, and
dilaurate in xylene (or corn oil) are summarized in Table 3.
We can see that dissolution of sugar diesters in xylene led
to a significant reduction of interfacial tension and the
lowest value (8.8 mN m_l) was obtained for p-fructose
dicaprylate at 0.3%. No clear acyl-chain length dependence
was confirmed for the interfacial tension of D-psicose
diesters. When corn oil was used as the oil phase, p-fruc-
tose dicaprylate was able to reduce interfacial tension more
than p-psicose dicaprylate.

Stability of the Emulsions

Oil droplet size in the emulsions prepared by mixing xylene
(or corn oil) and water was measured immediately after the
homogenization by optical microscopy (see Fig. 3). Fig-
ure 3a is the cumulative size distribution, Q, for the volume
of oil particles stabilized by p-fructose dicaprylate (A) and
D-psicose dicaprylate (B) at 0.3%. For both sugar diesters,
smaller-sized oil droplets were obtained for corn oil than
xylene. It is interesting that although the oil-water interfa-
cial tension for p-fructose dicaprylate was lower than
D-psicose dicaprylate, the former gave larger-sized droplets
than the latter. These results suggest the interfacial tension
did not control the droplet size for the present emulsion
systems. Figure 3b shows the weight-averaged mean
diameter of oil droplets stabilized by all types of the sugar
diesters studied. With the increase of acyl-chain length of
D-psicose diesters, the mean diameter of oil droplets became
larger for both xylene and corn oil emulsions.

Table 3 Interfacial tension (y) between water and xylene (or corn
oil) dissolved p-psicose dicaprylate, dicaprate, dilaurate, or p-fructose
dicaprylate at 25 °C

Oil Emulsifier Concentration Y
(%, WIV) (mNm™")
xylene - 0 36.9
D-Psicose dicaprylate 0.025 21.8
0.10 159
0.30 11.0
D-Psicose dicaprate 0.30 14.6
D-Psicose dilaurate 0.30 12.7
p-Fructose dicaprylate 0.025 22.2
0.10 15.4
0.30 8.8
corn oil - 0 20.4
D-Psicose dicaprylate 0.30 15.8
D-Fructose dicaprylate 0.30 14.5
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Fig. 3 Cumulative size distribution, @, for particle volume in
emulsions immediately after the homogenization. Broken (solid) line
indicates the distribution for xylene-in-water (corn oil-in-water)
emulsions stabilized by p-fructose dicaprylate and p-psicose dicap-
rylate. The weight-averaged mean diameter, d43, for oil droplets
stabilized by p-fructose dicaprylate (a), p-psicose dicaprylate (b),
D-psicose dicaprate (c¢), and D-psicose laurate (d), respectively
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Fig. 4 Stability of xylene-in-water emulsions at 30 °C using selected
concentrations of Dp-psicose dicaprylate. a Time dependence of oil
release. b Time dependence of transmittance at 500 nm. Concentra-
tion (%, w/v); (open circles): 0.025, (filled squares): 0.05, (open
squares): 0.1, (filled triangles): 0.2, (filled circles): 0.3

Figures 4 and 5 suggest stability of the emulsions
prepared by homogenizing xylene containing D-fructose
dicaprylate and D-psicose dicaprylate with pure water,
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Fig. 5 Stability of xylene-in-water emulsions at 30 °C using selected
concentrations of p-fructose dicaprylate. a Time dependence of oil
release. b Time dependence of transmittance at 500 nm. Concentra-
tion (%, w/v); (open circles): 0.025, (filled squares): 0.05, (open
squares): 0.1, (filled triangles): 0.2, (filled circles): 0.3
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Fig. 6 Time dependence of transmittance at 500 nm for the oil-in-
water emulsions stabilized by D-psicose dicaprylate (open circles),
dicaprate (filled circles), and dilaurate (open triangles) at 30 °C.
Concentration of emulsifiers was 0.3%, w/v. a xylene-in-water
emulsion. b corn oil-in-water emulsion

respectively. We were able to observe clear oil release
from the emulsions when the content of p-fructose dicap-
rylate and p-psicose dicaprylate was below 0.1 and 0.2% in
xylene, respectively. By increasing the sugar diester con-
centration, the clear oil separation could not be detected
within the measured time range and the gradual increase in
Ts00 was instead measured (see Figs. 4b, 5b). Comparing
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the increasing rates of T'soq for 0.3% samples, the emulsion
stability of p-fructose dicaprylate was better than p-psicose
dicaprylate although the initial droplet size was confirmed
to be larger (Fig. 3).

Figure 6 shows the stability of xylene (or corn oil)
droplets stabilized by three different p-psicose diesters
(0.3%, w/v). The most stable emulsion was the one pre-
pared with D-psicose dicaprate for both xylene and corn oil
emulsions, while p-psicose dilaurate gave a very unstable
emulsion.

We established a one-step process for lipase-catalyzed
diacylation of the primary hydroxyl groups (C-1 and C-6)
of p-psicose without protection by using fatty acid vinyl
esters with selected acyl chain lengths and the immobilized
lipase from Candida antarctica in a highly regioselective
manner with good yields (83-90%). The synthesized
D-psicose dicaprate showed a good emulsification activity
and, therefore, might be used as emulsifiers with biological
activities in functional foods.

Acknowledgments This study was supported in part by the grant
“Takamatsu Area Intellectual Cluster” from the Ministry of Educa-
tion, Culture, Sports, Science, and Technology, Japan.

References

1. Sultani S, Ognier S, Engasser J, Ghoul M (2003) Comparative
study of some surface active properties of fructose esters and
commercial sucrose esters. Colloids Surf A 227:35-44

2. Otto RT, Bornscheuer UT, Syldatk C, Schmid RD (1998) Lipase-
catalyzed synthesis of arylaliphatic esters of f-p(+)-glucose,
n-alkyl- and arylglucosides and characterization of their surfac-
tant properties. J Biotechnol 64:231-237

3. Matsuo T, Baba Y, Hashiguchi M, Takeshita K, Izumori K,
Suzuki H (2001) Supplement of p-sicose in the diet suppresses

&\ Springer ANOCS &

10.

12.

14.

15.

hepatic lipogenic enzyme activities. Asia Pac J Clin Nutr
10(3):233-237

. Matsuo T, Suzuki H, Hashiguchi M, Izumori K (2002) p-psicose

is a rare sugar that provides no energy to growing rats. J Nutr Sci
Vitaminol 48(1):77-80

. Matsuo T (2006) Inhibitory effects of p-Psicose on glycemic

response after oral carbohydrate tolerance test in rats. J Jpn Soc
Nutr Food Sci 59:119-121

. Matsuo T, Izumori K (2006) Effects of dietary p-psicose on

diurnal variation in plasma glucose and insulin concentrations of
rats. Biosci Biotechnol Biochem 70(9):2081-2085

. Afach G, Kawanami Y, Izumori K (2005) Synthesis of p-allose

fatty acid esters via lipase-catalyzed regioselective transesterifi-
cation. Biosci Biotechnol Biochem 69(4):833-835

. Acros JA, Bernabe M, Otero C (1998) Quantitative enzymatic

production of 6-0-acyl-glucose esters. Biotechnol Bioeng 57:505—
509

. Pulido R, Oritz FL, Gotor V (1992) Enzymatic regioselective

acylation of hexoses and pentoses using oxime esters. J Chem
Soc Perkin Trans 1:2891-2898

Wang Y-F, Lalonde JJ, Momongan M, Bergbreiter DE, Wong
C-H (1988) Lipase-catalyzed irreversible transesterification using
enol esters as acylating agents: preparative enantio- and regio-
selective synthesis of alcohols, glycerol derivatives sugars, and
organometallics. J] Am Chem Soc 110:7200-7205

. Afach G, Kawanami Y, Kato-noguchi H, Izumori K (2006)

Practical production of 6-O-octanoyl-p-allose and its biological
activity toward plant growth. Biosci Biotechnol Biochem
70(8):2010-2012

Arcos JA, Bernabe M, Otero C (1998) Quantitative enzymatic
production of 1,6-diacyl fructofuranoses. Enzym Micro Tech
22:27-35

. Griffin WC (1949) Classification of surface-active agents by

HLB. J Soc Cosmet Chem 1:311-326

Matsuki H, Yamanaka M, Yamashita Y, Kaneshina S (2006)
Adsorption-equilibrium surface tension of surfactant solutions;
examination by the drop volume method. Bull Chem Soc Jpn
79:1704-1710

Antona N, El-Idrissi M, Ittobane N, Nicolosi G (2005) Enzymatic
procedures in the preparation of regioprotected D-fructose
derivatives. Carbohydr Res 340:319-323



	Lipase-Catalyzed Synthesis of d-Psicose Fatty Acid Diesters �and their Emulsification Activities
	Abstract
	Introduction
	Experimental Procedures
	Enzymes and Chemicals
	General Procedure for Synthesis of d-Psicose Diesters
	Purification of the Produced d-Psicose Diesters
	Characterization of d-Psicose Diesters
	HLB of the Synthesized d-Psicose Diesters
	Interfacial Tension
	Stability of Emulsion and Oil Droplet Size

	Results and Discussion
	Synthesis of d-Psicose Diesters
	Oil-Water Interfacial Tension
	Stability of the Emulsions

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


