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Abstract Fat fractions composed by different proportions

of low (LMT) or high (HMT) melting temperature triacyl-

glycerols were used, alone or in mixture with a-tocopherol

for the preparation of oil-in-water protein stabilised nano-

emulsions. Addition of a-tocopherol to the LMT or HMT fat

fractions was accompanied by different changes in the

emulsion characteristics such as fat droplet size distribu-

tions, under-cooling and polymorphic transitions, in parallel

with different extent of a-tocopherol degradation reactions.

Our results showed higher immobilisation pattern of

a-tocopherol molecules and higher protection against deg-

radation when incorporated in higher size fat droplets, which

presented 2La ? 2Lb0 polymorphic transitions under cool-

ing and re-heating cycles.
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Introduction

Lipid oxidation reactions cause the reduction of products

shelf-life in terms of nutritive value and sensory quality [1].

Their inhibition or retardation in lipid-based foods and par-

ticularly in those containing polyunsaturated fats may be

obtained by prevention of food contact with oxygen, use of

low temperature and appropriate packaging, and also addi-

tion of antioxidants. Phenolic compounds play a role in the

body for control of chronic and age-related disorders and

they are also used for their antioxidant activity in lipid-based

foods to prevent their oxidation [2]. Vitamin E (aD-tocoph-

erol) is a lipid compound which has received a great attention

as an antioxidant acting agent to prevent free radical damage

in tissues [3]. A high-dose of vitamin E supplementation is

part of the therapy of those people who suffer from abeta-

lipoproteinemia, due to extremely low levels of plasma

cholesterol and triglycerides causing defective absorption of

vitamin [4].

Research studies indicated that lipophilic bioactive

molecules presenting low oral delivery, inability to cross

cell membranes or low stability in gastrointestinal tract led

to divergent results observed between antioxidant activities

as evaluated either through in vitro or in vivo tests [5].

And, recently studies showed that emulsions containing

lipid droplets may be used as drug matrix carriers with

enhanced oral absorption and delivery properties to target

sites [6, 7]. Among factors that appear to be critical

determinants for the bioavailability and delivery properties

to various sites, there are the particle size and carrier matrix

type characteristics, in addition to triggering effects of

environmental and storage conditions (pH, metal ions,

oxygen or heat exposure or heat) on the drug release

properties. Numerous studies that were performed on bio-

medical and pharmaceutical applications have highlighted

the dramatically altered physicochemical properties and

biological activity of sub-micron or nanoparticles, but there

is still a much less emphasis on micro or nano-encapsula-

tion technology in food applications such as protection of
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oxygen or heat-sensitive food molecules against damages

[8–10].

Emulsification procedure and ingredients complexity

have a dominant role in characteristics of fat droplets, such

as particle average diameters and size distributions, com-

position and physical properties of surrounding surface

layers, and also crystalline fat content and polymorphism

[11–19]. Studies performed on fat thermal transitions,

showed that crystallization temperature of dispersed fat

droplets is lowered, compared to bulk fat, and the degree of

super cooling temperature (needed to initiate fat crystalli-

zation in globules) was shown to differ depending on tri-

acylglycerol (TAG) composition, mean droplet size and

lipophilic or hydrophilic nature of emulsifiers. Those

emulsifier’s molecules are capable of partitioning between

hydrophilic phases (continuous aqueous phase) or hydro-

phobic (interior of dispersed fat droplets) or interface and

they have effects not only on the initial temperature of

crystallization but also on the rise of solid fat content

[11, 17, 18] Recently [20], we showed that vitamin E was

protected against storage degradation when incorporated in

fat droplets, in which 2La ? 2Lb0 polymorphic transitions

were observed to be more impeded than in emulsions

without added vitamin. In the present study, we compared

the ability of fat droplets containing high melting temper-

ature triacylgycerols (HMT TAG) to those containing LMT

TAG for vitamin protection, taking into account the fat

composition, droplet size and thermal behaviour.

Experimental

Materials and samples

Vitamin E (DL-a-tocopherol) and chemicals were pur-

chased from Sigma Aldrich (Sfeinheim, Suisse). The

sodium caseinate and milk fat samples were provided by

Lactalis-France. We used two milk fat samples (HMT or

LMT), which were dry-fractionated from anhydrous milk

fat. Their melting temperatures and their composition in

the main saturated and unsaturated TAGs is reported in

Table 1.

Emulsions’ preparation

We prepared four emulsions, where the lipophilic phase

(40 wt%, relative to final emulsion) was composed either by

the HMT or LMT milk fat sample alone, or in presence of

a-tocopherol (4 wt%, relative to the total emulsion weight).

The aqueous phase was prepared by dispersing sodium

caseinate in phosphate buffered saline solution (50 mM

NaH2PO4 at pH = 6.6) at 3.6 wt% protein relative to final

emulsions. The lipid phases were melted at 65 �C, mixed to

the protein solution and pre-homogenized by using an ultra-

disperser (UltraTurrax, IKA- Staufen, Germany) at

10,000 rpm for 10 min. The coarse emulsions were then

passed six times through a high pressure homogeniser (APV

Gaulin, Lübeck, Germany) at 600 bar, and the resulting fine-

emulsions were cooled to 20 �C before characterisation.

The fat droplet size distributions in the emulsions were

evaluated using integrated light scattering measurements

(Malvern Mastersizer 2000 Instruments-Orsay-France)

after dilution in distilled water (22 �C) and gentle stirring

for 30 min before sampling.

Thermal analysis

Calorimetric parameters of fat droplet crystallisation and

melting in the emulsions were monitored using a DSC 7

Perkin-Elmer associated to Pyris software (Perkin-Elmer,

Norwalk, USA), as described in reference [14]. Fat poly-

morphism was monitored using X-ray scattering measure-

ments at small (SAXS) and wide angles (WAXS), using

MICROCALIX a lab-scale equipment developed by Dr Ol-

livon and his colleagues [20]. Microcalix is composed of a

long fine-focus sealed X-ray source (ENRAF NONIUS, CU

anode) a multilayer mirror (OSMIC), collimation slits and

two position-sensitive linear gas detectors (HECUS, Aus-

tria) working at 0 \ q \ 0.45 Å-1 (SAXS) and 1.1 \ q

\ 2.1 Å-1 (WAXS). For X-ray and DSC measurements we

used similar sample masses (around 30 lL), scanning mode

(0.5 �C min-1] and cooling temperature ranges at which the

emulsions aqueous phase did not crystallise [14, 20]. The

samples were loaded in stainless steel pans (DSC) or glass

capillaries (GLAS, Muller, Berlin, Germany for SAXS and

WAXS measurements), heated and cooled from 50 to

-7 �C. Crystallisation and fusion calorimetric parameters

(peak temperatures and enthalpy changes) were extracted

from exothermic and endothermic DSC traces, respectively

[14]. Short and long spacing were deduced from X-ray peaks

using Bragg’s equation [20–22]. To determine the variation

of the X-ray scattering peak’s area as a function of temper-

ature the X-ray scattering patterns were fitted by a Gauss-

Lorentz function using Peakfit Software (Jandel Scientific,

Erkrath, Germany).

Table 1 Fatty acid composition (wt%) of high-melting temperature

(HMT) and low-melting temperature (LMT) fat fractions used for the

emulsions’ preparation and their melting temperature as determined

by DSC (0.5 �C min-1)

Fat fraction C16:0 C18:0 C18:1 C18:2 Melting point (�C)

HMT 40 32 9 0.7 44.5 �C

LMT 23 9.5 28 2.1 7.9 �C
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Vitamin stability

Vitamin E assay was conducted by UV-spectrophotometry

and spectrofluorimetry as described elsewhere [20].

Briefly, the vitamin content in the emulsions’ lipid phases

was extracted after dispersion in ethanol (5% vol), vortex

shaking (10 min) and centrifugation (15,000 rpm for 7 min

at 25 �C). The vitamin content in the resulting supernatant

was determined by spectrofluorimetry at 290 and 327 nm

for excitation and emission maximum wavelengths,

respectively, by using a calibration curve (FI = 28,481 9

[Vitamine], R2 = 0.9987) obtained from freshly prepared

solution of vitamin E in ethanol at concentrations ranging

from 0.01 to 0.25 weight ratio of vitamin-to-ethanol).

Vitamin E content in bulk and emulsified fat systems

was determined just after preparation (t0), and after storage

at room temperature during 8 weeks followed by a heating

step (60 �C for 180 min). The analysis was repeated three

times for each emulsion.

Results and discussion

Effect of vitamin on fat droplet size characteristics

Partial replacement of fat fraction by vitamin E had higher

effects on the fat droplet size distribution in the HMT

emulsion than in LMT one, as shown in the curves reported

in Fig. 1. The volume average median diameter (D50) and

the percentage of fat droplets higher than 200 nm, %D

([200 nm) and lower than 1 lm, %D (\1 lm) are pre-

sented in Table 2. It is seen that addition of vitamin was

accompanied by changes in the fat droplet size character-

istics for HMT emulsion, whereas both D50, %D (\200 nm)

and %D (\1 lm) where hardly affected upon addition of

vitamin for LMT emulsion.

Fat crystallisation and melting behavior

Examples of DSC curves observed from the HMT in the

absence or presence of vitamin are shown in Fig. 2. DT

values, calculated from differences between the tempera-

ture of initial fat crystallization (Tonset) and melting com-

pletion (Tend) were used for evaluation of under cooling

(DT = Tend - Tonset). They correspond to the decrease in

the temperature needed for formation of fat crystals upon

cooling from melted fat samples. Due to the higher pro-

portion of polyunsaturated TAG in LMT, the DSC signals

observed from LMT emulsions were weak (not shown),

however they indicated clearly that addition of vitamin was

accompanied by a decrease in peak temperatures and an

Fig. 1 Fat droplet size

distributions observed from

emulsions containing HMT

(high-melting temperature) and

LMT (low-melting

temperature), without and with

added a-tocopherol (VE)

Table 2 Fat droplet size characteristics observed from emulsions

without and with a- tocopherol (vitamin E), after dilution in distilled

water

Emulsions D50 in nm %D (\200) %D (\1 lm)

HMT fat 255 ± 1 27 100

HMT fat ? a-tocopherol 416 ± 14 13 71

LMT fat 304 ± 3 18 100

LMT fat ? a-tocopherol 293 ± 8 22 96

D50 is the volume average median diameter; % (D \ 200 nm) and %

D(\ 1 lm) are the percentage of droplets with size lower than

200 nm, or higher than 1 lm

Factors affecting vitamin degradation in oil-in-water nano-emulsions 15

123



increase in under-cooling, as shown in Fig. 3a. Enthalpy

changes of fat crystallization and fusion (Fig. 3b) were also

affected by vitamin incorporation, but with a higher extent

for the melting reaction of HMT fat globules, where

DfusionH decreased by approx 25%, instead of 10% due to

partial replacement of crystalline fat by vitamin. Physical

state transformations (crystallization, melting and poly-

morphisms) in fat samples are accompanied by energy

release or absorption at different temperatures, depending

on factors such as fat composition (TAG chain length,

saturation/unsaturation degree), fat droplet size and

adsorbed additives [11–19]. Following the hypothesis of

heterogeneous nucleation [23], larger droplets containing a

higher number of catalytic impurities are assumed to crys-

tallize first and, as crystallization proceeds smaller droplets

containing fewer impurities could crystallize at lower tem-

peratures. In our experimental conditions, 100% fat droplets

were lower than 1 lm in HMT and LMT emulsions without

added vitamin, and slightly less in LMT emulsions in the

presence of added vitamin; but in HMT emulsion addition of

vitamin was accompanied by formation of a approx 30%

fat droplets higher than 1 lm (%D ([1 lm)) * 30%),

(Table 2). In addition, results in Fig. 3a and b showed a

larger decrease in crystallisation peak temperature, under-

cooling and melting energy in HMT emulsion than in LMT

emulsion. Thus addition of vitamin, a guest lipophilic mol-

ecule, inside HMT fat droplets seemed to counterbalance

effects of high size fat droplets on the calorimetric parame-

ters of fat crystallisation and re-fusion.

The curves in Fig. 4 show SAXS and WAXS patterns

recorded on HMT emulsion in the absence of vitamin,

using MICROCALIX which also recorded the DSC signals

(midled). It is seen that the cooling step was accompa-

nied by formation of an exothermic DSC single peak

(Tpeak * 13 �C) and a WAXS single peak observed at

wide (q = 1.4793 Å-1 or 4.24 Å) and SAXS single peak at

small (q = 0.1675 Å-1 or 38.1 Å) angles, respectively.

These results indicated that under cooling TAG molecules

crystallize in the 2La polymorphic form (a lateral packing

and 2L longitudinal stacking). After cooling up to -7 �C,

the re-heating cycle led to a broad DSC endothermic peak

lying from around 9 to 45 �C, and to SAXS and WAXS

patterns indicating the development of a newly formed

phase characterised by peaks located at 3.94 and 4.37 Å

(WAXS) and at 38.1 Å (SAXS). This behaviour is char-

acteristic of a heat-induced polymorphic transition from

2La ? 2Lb0 forms. Using integration of each single WAXS

and SAXS pattern, as functions of cooling and re-heating

temperatures we deduced the variation of the correspond-

ing peak intensity, as presented in Fig. 5a (SAXS) and b

(WAXS). SAXS and WAXS measurements on the other

emulsions indicated also the formation of 2La crystals upon

cooling, and presence of 2La ? 2Lb0 polymorphic transi-

tion upon re-heating, but their corresponding DRX/DSC

signals were less intense, indicating more impeded poly-

morphic transitions in HMT emulsions containing vitamin.

In LMT emulsions we observed much weaker peak patterns

(not shown) corresponding to 2La crystals, but without

2La ? 2Lb0 transitions. All these results indicated that

addition of vitamin affects differently the fat droplet

characteristics depending on the TAG composition.

Fig. 2 Cooling and re-heating curves obtained by differential scan-

ning calorimetry (0.5 �C min-1) from HMT in the absence of added

a-tocopherol (a and b, respectively) or in the presence of added

a-tocopherol (a0 and b0, respectively)

Fig. 3 a Values of

crystallisation peak

temperatures (white color) and

under-cooling (dark colour)

observed from HMT and LMT

emulsions without and with

added a-tocopherol (VE). b
Values of melting and

crystallisation reactions

observed from HMT and LMT

emulsions without and with

added a-tocopherol (VE)
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On the ability of protein-stabilised nanoemulsions

for vitamin protection

Mixture samples of vitamin and fat samples in bulk phase,

or emulsions containing vitamin were submitted to evalu-

ation of their vitamin content, just after their preparation

and after storage during 8 weeks at room temperature. The

results reported in Table 3 indicated around 60% and 80%

loss of vitamin in HMT and LMT bulk fat/vitamin samples,

just after their preparation, but similar tests performed

indicated less than 25% and more than 50% loss of vitamin

in HMT and LMT emulsions after storage and light

exposure at 22 �C for 8 weeks, and around 50% and 70%

loss of vitamin after storage and light exposure at 22 �C for

8 weeks followed by heating at 60 �C for 180 min. It is

noteworthy to indicate that around 50% of fat globules in

Fig. 4 DSC curves (middle)

and X-ray diffraction patterns

observed with small- (SAXS)

and wide- (WAXS) from HMT

emulsion, during cooling and

re-heating (0.5 �C min-1)

Fig. 5 Variation of X-ray

diffraction intensity recorded at

small- (SAXS) angles (a) and

wide- (WAXS) angles (b) from

emulsions without (bold curves)

and with (thin curves)

a-tocopherol, as function of

temperatures during the cooling

and re-heating cycles

(0.5 �C min-1)

Table 3 Variation of a-tocopherol content in the bulk and emulsified

samples, as evaluated from the specified conditions (see text)

Sample Storage

conditions

Fluorescence

intensity (u.a)

% tocopherol

Bulk sample

HMT 25 �C, t0 5.7 ± 0.6

60 �C (3 h), t0 2.2 ± 1.0 39

LMT 25 �C, t0 5.7 ± 0.5

?60 �C (3 h) 1.3 ± 0.4 22

Emulsion sample

HMT 25 �C, t0 5.2 ± 0.6

25 �C, 8 weeks 3.6 ± 0.5 77

?60 �C (3 h) 2.4 ± 0.1 47

LMT 25 �C, t0 5.1 ± 0.8

25 �C, 8 weeks 2.8 ± 0.5 46

?60 �C (3 h) 1.7 ± 0.1 27
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the HMT emulsion, which seemed to be the most efficient

for vitamin protection are higher than 1 lm, whereas more

than 20% fat droplets were lower than 200 nm in the LMT

emulsion where loss of vitamin was much higher.

Conclusions

Thus, addition of vitamin, a guest lipophilic molecule,

inside HMT fat droplets seemed to counterbalance effects

of high size fat droplets on heat-induced calorimetric

parameters and X-ray scattering parameters upon fat

crystallisation and re-fusion. In addition, our results

showed that protein-stabilised nanoemulsion containing fat

droplets with a higher size seemed to be more able to

protect vitamin against structure degradation throughout

8 weeks light exposure and heating. These results indicated

that the degree to which lipid nanoparticles are able to

protect bioactive molecules are more affected by their TAG

composition, crystalline fat content and polymorphisms,

rather than by their size. The increase in fat droplet size in

HMT emulsion containing vitamin, as evaluated by laser

light scattering measurements, could be due to interfacial

bridging of HMT fat crystals leading to more crystalliza-

tion-induced fat droplet aggregation/coalescence contrary

to LMT emulsion. To confirm or infirm this hypothesis,

further studies on emulsions containing HMT or LMT fat

samples and presenting similar fat globule size distribu-

tions are carried on in our laboratory.

Acknowledgements Dr Claudie Bourgaux (UMR CNRS 8612) is

acknowledged for fruitful discussion.

References

1. Pokorny J, Yanishlieva N, Gordon M. Antioxidants in foods,

practical applications. Cambridge: Woodhead; 2001.

2. Willcox JK, Ash SL, Catignani GL. Antioxidants and prevention

of chronic disease. Crit Rev Food Sci Nutr. 2004;44:275–95.

3. Wang X, Quinn PJ. The structure and phase behaviour of

a-tocopherol-rich domains in 1-palmitoyl-2-oleoyl-phosphatidy-

lethanolamine. Biochimie. 2006;88:1883–8.

4. Yokogawa K, Shima Y, Hashimoto T, Hiyajyo M, et al. High-bio-

availability of a-tocopherol loaded into poly (DL-lactic-co-glycolic

acid) microspheres in apolipoprotein B knockout mice. Pharm Res.

2003;20:1846–50.

5. Hugues GA. Nanostructure-mediated drug delivery. Nanomedi-

cine. 2005;1:22–30.

6. Gursoy RN, Benita S. Self-emulsifying drug delivery systems

(SEDDS) for improved oral delivery of lipophilic drugs. Biomed

Pharmacother. 2004;58:173–82.

7. Park GY, Mun S, Park Y, et al. Influence of encapsulation of

emulsified lipids with chitosan on their in vivo digestibility. Food

Chem. 2007;104:761–7.

8. Hu M, McClements J, Decker EA. Lipid oxidation in corn oil-in-

water emulsions stabilized by casein, whey protein isolate, and

soy protein isolate. J Agric Food Chem. 2003;51:1696–700.

9. Chau CF, Wu SH, Yen GC. The development of regulations for

food nanotechnology. Trends Food Sci Technol. 2007;18:269–80.

10. Sanguansri P, Augustin MA. Nanoscale materials development—

a food industry perspective. Trends Food Sci Technol. 2006;17:

547–56.

11. Coupland J. Crystallization in emulsions. J Curr Opin Colloid

Interface Sci. 2002;7:445–50.

12. McClements DJ, Dungan SR, German JB, Simoneau C, Kinsella

JE. Droplet size and emulsifier type affect crystallization and

melting of hydrocarbon-in-water emulsion. J Food Sci. 1993;58:

1148–51.

13. Kaneko N, Horie T, Ueno S, Yano J, Katsuragi T, Sato K.

Impurity effects on crystallization rates of n-hexane in oil-in-

water emulsions. J Cryst Growth. 1999;197:263–70.

14. Relkin P, Sourdet S, Fosseux P-Y. Fat crystallization in complex

food emulsions: effects of adsorbed milk proteins and of a

whipping process. J Therm Anal Calorim. 2003;71:187–95.

15. Relkin P, Ait-Talleb, Sourdet S. Thermal behavior of fat droplets

as related to adsorbed milk proteins in complex food emulsions.

A DSC study. J Am Oil Chem Soc. 2003;80:741–6.

16. Tangsuphoom N, Coupland JN. Effect of heating and homoge-

nization on the stability of coconut milk emulsions. J Food Sci.

2005;70:E466–70.

17. Relkin P, Sourdet S. Factors affecting fat droplet aggregation in

whipped frozen protein-stabilized emulsions. Food Hydrocol-

loids. 2005;19:503–11.

18. Arima S, Ueji T, Ueno S, Ogawa A, Sato K. Retardation of

crystallization-induced destabilization of PMF-in-water emulsion

with emulsifier additives. Colloid Surf B. 2007;55:98–106.

19. Hartel RW, Kaylegian KE. Advances in milk fat fractionation.

Technology and Applications. In: Garti N, Sato K, editors. Crys-

tallization process in fats and lipid systems. NY: Marcel Dekker;

2001. p. 381–427.

20. Relkin P, Jung JM, Kalnin D, Ollivon M. Structural behaviour of

lipid droplets in protein-stabilized nano-emulsions and stability of

alpha-tocopherol. Food Biophys. 2008;3:163–8.

21. http://www.umr-cnrs8612.u-psud.fr/umr-cnrs8612/Francais/pdf/

MICROCALIX.pdf.

22. Ollivon M, Keller G, Bourgaux C, Kalnin D, Villeneuve P,

Lesieur P. DSC and high resolution X-ray diffraction coupling.

J Therm Anal Calorim. 2006;83:219–24.

23. Hindle S, Povey MJW, Smith K. Kinetics of crystallization in

n-hexadecane and cocoa butter oil-in-water emulsions accounting

for droplet collision-mediated nucleation. J Colloid Interface Sci.

2000;232:370–80.

18 P. Relkin et al.

123

http://www.umr-cnrs8612.u-psud.fr/umr-cnrs8612/Francais/pdf/MICROCALIX.pdf
http://www.umr-cnrs8612.u-psud.fr/umr-cnrs8612/Francais/pdf/MICROCALIX.pdf

	Factors affecting vitamin degradation in oil-in-water �nano-emulsions
	Abstract
	Introduction
	Experimental
	Materials and samples
	Emulsions&rsquo; preparation
	Thermal analysis
	Vitamin stability

	Results and discussion
	Effect of vitamin on fat droplet size characteristics
	Fat crystallisation and melting behavior
	On the ability of protein-stabilised nanoemulsions �for vitamin protection

	Conclusions
	Acknowledgements
	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


