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in heated ammonia solutions of organic solvents

Natalia Szmyr, Sławomir Wybraniec
Cracow University of Technology, Department of Analytical Chemistry,
Faculty of Chemical Engineering and Technology, 
Warszawska 24, 31-155 Cracow, Poland
e-mail: nszmyr@chemia.pk.edu.pl

In this report, the influence of ammonia on dehydrogenation of gomphrenin pigment, isolated from purple inflorescences of Gomphrena globosa L.,
in selected organic solvents (methanol, ethanol, acetone and acetonitrile) at 40°C is presented. Betacyanins are water-soluble, vacuolar plant pigments.
Due to their numerous pro-health properties, they can be applied in the pharmaceutical industry and as food colorants. However, as most of natural
products, they are less stable than synthetic dyes, therefore, further studies need to be carried out on their stability, but also on determination of their
degradation products as well as degradation mechanisms. For the experiments of the ammonia treatment, prolonged isolation of gomphrenin from
the plant material including extraction, preliminary purification, preparative HPLC fractionation, concentration and liofilization were performed.
The tested pigment dissolved in organic solvents was treated by ammonia and the samples for analysis were taken during and after reaction.
For identification of obtained derivatives of gomphrenin, high-performance liquid chromatography with diode-array and mass spectrometric detection
(LC-DAD-ESI-MS) was performed. 
As a result of heat processing, the mixture of decarboxylated and dehydrogenated gomphrenin derivatives was detected. 
Based on the experimental results, it can be stated that gomphrenin is characterized by the greatest stability in methanolic solutions while it is the
most labile in the acetonitrilic ones.
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Introduction

Betalains are hydrophilic, vacuolar plant pigments oc cur -
ring in most families of Caryophyllales order. Violet be   tacyanins
and yellow betaxanthins are two groups of betalains formed
in similar biosynthetic pathways. Betacyanins are O-gly -
coside betanidin derivatives. This substitution can occur at
the C-5 or C-6 position. While betacyanins with C-5
substitution are common compounds, betacyanins with C-
6 substitution have been discovered only in Gomphrena
globosa, Basella rubra and Bougainvillea glabra species [1].

Due to their numerous health benefits (such as anti -
cancer properties, antimicrobial activity, antilipidemic
effects), they can be used as food colorants and in the
pharmaceutical industry [2-4]. However, as most of natural
products, they are less stable than synthetic dyes, therefore,
determination of the factors causing their degradation is of
great importance. Decarboxylated and dehydrogenated
betacyanins are formed as a result of their degradation, e.g.,
under the influence of thermal treatment and oxidation [5]. 

Temperature is the most important factor affecting
betalains stability during storage and food processing.
While heating, betanin decay as a result of isomerisation,
decarboxylation as well as hydrolysis, which eventually lead
to occurrence of bright brown colour. Betanin can be
recreated from its main degradation products while extracts

are kept in the low temperature below 10°C. Betanin
regeneration concerns the condensation of amine moiety
forming a part of cyclo-DOPA-5-O-glucoside and an
aldehyde moiety of betalamic acid [6]. After prolonged heat
processing of betalains solutions, a huge variety of degra -
dation products is generated for example, mono-, bi- and
tri-decarboxylated compounds and as a final result,
mixtures of dehydrogenated and decarboxylated products
are generated. Such complicated profiles were detected in
purified extracts obtained from red beet root and violet
pitaya [5, 7]. Despite yellow colour, neobetacyanins (14,15-
dehydrobetacyanins) structurally are similar to betacyanins,
therefore, dehydrogenation of betacyanins and its me cha -
nism is of our interest [5]. In food industry, it is well
re cog nized that products which are not obtained from
natural sources are less demanded by the customers,
therefore, searching for dyes which are received from na -
tural sources increases. Additionally, studies concerning
improvement of their chemical stability are carried out.  

Organic solvents are commonly used for extraction of
betacyanins from the plants, therefore, it is essential to
determine and understand how these solvents influence on
betalains stability. In this study, we determined the effect
of the solvents and ammonia addition on stability of
gomphrenin.
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Materials and Methods

Plant material
Dried, violet inflorescences of Gomphrena globosa L. were
purchased from China market. 

Extract preparation and purification
Extract preparation for the experiments included the fol -
lowing stages. In order to obtain gomphrenin pigments, 
1 kg of dried, violet Gomphrena globosa L. inflorescences
was extracted in 1% aqueous solution of formic acid (v/v)
and filtered due to high turbidity of the obtained extract.
For this purpose, a Buchner funnel with a paper filter and
a 3 cm layer of a silica gel was used. Column filled with 
a bed of strong anion exchanger SepraTM ZT-SAX with 
a 30 μm pore size (Phenomenex, USA) was used for further
extract purification and concentration. Adsorbed com -
pounds were eluted using 5% formic acid and 50% acetone
solution (v/v/v). Obtained eluate was concentrated in 
a rotary evaporator under reduced pressure.  

Semipreparative HPLC fractionation
In order to pigment isolation from the obtained extract, 
a semipreparative HPLC system with UV-Vis detector was
used. The column filled with a Bischoff C18 stationary
phase (Bischoff Chromatography, Germany), 250 mm 
x 30 mm, 10 mm, with a 10 mm x 10 mm guard column
(Phenomenex, USA) was used. The following gradient
system was used: 80% A in B at 0 min; gradient to 75% 
A in B at 20 min, gradient to 70% A in B at 30 min,
gradient to 65% A in B at 40 min (A – 1% HCOOH in
H2O (v/v), B – acetone). The injection volume was 15 ml.
The detection of signal was carried out at 505 nm.

Purified gomphrenin I pigment was obtained using
preparative HPLC system: 92% A in B at 0 min, gradient
to 90% A in B at 20 min, gradient to 88% A in B at 30 min,
gradient to 86% A in B at 40 min (A – 1% HCOOH in
H2O (v/v), B – acetone). The injection volume was 25 ml. 

Obtained fractions were concentrated under reduced
pressure and subjected to freeze-drying.

LC-DAD-ESI-MS analysis
The collected fractions after semipreparative separations as
well as after thermal treatment experiments in organic
solvents, were analyzed by an LCMS-8030 mass spectro -
metric system (Shimadzu, Japan) coupled to a liquid chro  -
matograph composed of autosampler (SIL-20ACXR), two
pumps (LC-20ADXR) and detector with photo-diode
array model (SPD-M20A). The MS system equipped with
an electrospray ion source was working in positive ion
mode (ESI+) at an electrospray voltage 4.5 kV. The column
was a Kinetex C18 150 mm x 4,6 mm, 5 mm, and the
sample solutions were separated in the column under the
following gradient system: 95% A in B at 0 min; gradient
to 70% A in B at 5 min, gradient to 55% A in B at 12 min,
gradient to 5% A in B at 15 min (A – 2% HCOOH in
H2O (v/v), B – pure methanol). The column was ther mo -
stated at 40 0C. The injection volume was 20 ml. The
de t ection was performed in the full PDA range and at
selected wavelengths (540, 505, 480, 440 and 400 nm).
The LC-MS system was controlled with LabSolutions
software (Shimadzu) which recorded total ion chroma -
tograms and mass spectra.

Experiments on dehydrogenation of gomphrenin
Gomphrenin samples were dissolved in methanolic, etha -
nolic, acetonic and acetonitrilic aqueous solutions (90:10,
v/v). To each sample, 50 μl of ammonia was added in order
to increase pH value. The samples were heated for 5, 10
and 30 min at 40 0C, respectively. Immediately after
sampling of the mixtures, the formic acid was added to
neutralize the ammonia in the taken samples. All of the
samples were concentrated to 50-100 μl and diluted with
water to 500 μl. Afterwards, they were analyzed by LC-
DAD-ESI-MS. 

Results and Discussion

As a result of performed experiments, a mixture of decarbo -
xylated and dehydrogenated gomphrenin derivatives was
obtained. Their chemical structures are shown in Figure 1.

Figure 1. Chemical structures of gomphrenin and decarboxylated and dehydrogenated gomphrenin derivatives
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According to previous studies, dehydrogenation can occur
at carbons C-14,15 which results in formation of  pyridinic
system but also C-2,3 creating additional dehydrogenated
derivatives, while decarboxylation can take place starting
from carbons C-2,17 [8]. 

Thermal degradation of gomphrenin pigment 
in methanolic (MeOH) ammonia solution
In Table 1, normalized concentrations of gomphrenin de -
rivatives were shown which were formed as a result of
gomphrenin heating in ammonia solution of methanol. 

The absolute signal values for generated derivatives
during the thermal treatment are presented in Figure 2.
Based on the results, it can be observed that the highest
signal intensities were obtained for gomphrenin derivatives
after 10 min of heating (Table 1). Among all of formed
dehydrogenated and decarboxylated compounds, 17-
decarboxy-gomphrenin (m/z 507) is observed in the largest
amounts in each sample. However, its content in the samples
plummets with the increase of heating time. After 30 min
of thermal treatment, only a half content of 17-decarboxy-
gomphrenin remains in relation to its content obtained after

5 min of heating. In each sample, the lowest quantities of
17-decarboxy-neogomphrenin (m/z 505) are formed. Neo -
gomphrenin (m/z 549) is present at low levels as well,
however, its content grows slightly during the heating. 

Worth noting is that the prolonged heating causes
formation of derivatives, which had been tetradehy dro -
genated, i.e., dehydrogenated neogomphrenin (m/z 415) as
well as 2,17-bidecarboxy-2,3-dehydro-neogomphrenin
(m/z 459). 

Thermal degradation of gomphrenin pigment in ethanolic 
(EtOH) ammonia solution
The normalized concentrations of gomphrenin derivatives,
which were formed as a result of gomphrenin heating in
ethanolic ammonia solution were shown in Table 2. 

The absolute signal values for generated derivatives
during the thermal treatment were presented in Figure 3.
As a result of gomphrenin heating in ethanolic solution,
the greatest amounts of degradation products were ob -
tained after 5 min (Table 2). In this case, the lowest content
of 17-decarboxy-gomphrenin (m/z 507) is observed only
after 5 min of heating. During the thermal treatment, its
content declines significantly and after 30 min of heating,
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Table 1. Normalized concentration [%] and the total peak
area of gomphrenin derivatives in the samples after heat-
ing experiments in methanol

Figure 2. Betacyanins profiles in the samples submitted to
heating at 40°C in MeOH

Table 2. Normalized concentration [%] and the total peak
area of gomphrenin derivatives in the samples after heat-
ing experiments in ethanol

Figure 3. Betacyanins profiles in the samples submitted to
heating at 40°C in EtOH
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merely about one third of 17-decarboxy-gomphrenin
remains in relation to its content obtained after 5 min of
heating. Based on Table 2, it can be noticed that neogo -
mphrenin (m/z 549) arises slowly. Interestingly, normalized
concentrations of decarboxylated gomphrenin derivatives
(m/z 461 and m/z 417) reach the highest levels after 10 min
of heating, but concentrations of their corresponding
dehydrogenated derivatives (m/z 459 and m/z 415, res -
pectively) increase constantly during the heating time. 

In reference to foregoing observation it can be stated
that gomphrenin shows lower stability in ammonia solu -
tion of ethanol than in the methanol solution.

Thermal degradation of gomphrenin pigment in acetonic 
(Ac) ammonia solution
In Table 3, normalized concentrations of gomphrenin de -
rivatives were depicted, which were formed as a result of
gomphrenin heating in acetonic ammonia solution. 

The absolute signal values for generated derivatives du -
ring the thermal treatment were presented in Figure 4.
Performed analysis proved that after 5 min heating of
gomphrenin in the acetonic solutions the highest levels of

derivatives are obtained, which is very similar to the results
obtained for ethanol. Surprisingly, 2,15,17-tridecarboxy-
neogomphrenin (m/z 417) is observed in the largest
amounts, reaching the highest level after 10 min of heating
(Table 3). Another derivative present in the large amounts
is 17-decarboxy-neogomphrenin (m/z 505). In each sam -
ple, neogomphrenin (m/z 549) levels remain steady during
the increase of heating time. Worth noting is that derivative
concentrations after 10 and 30 min are very similar for
most generated compounds. The only exception is observed
for 2,15-bidecarboxy-neogomphrenin (m/z 461) whose
content rises slowly during the heating.

In the light of the obtained results, it can be stated that
the solvent causes gomphrenin degradation in higher extent
resulting in generation of large amounts of tridecarboxy-
derivatives at the beginning of the heating experiment.  

Thermal degradation of gomphrenin pigment 
in acetonitrilic (ACN) ammonia solution
In Table 4, the normalized concentrations of gomphrenin
derivatives were shown, which were obtained as a result of
gomphrenin heating in acetonitrilic ammonia solution. 

The absolute signal values for generated derivatives du -
ring the thermal treatment were presented in Figure 5.
Heating of acetonitrilic solutions resulted in formation of
only four gomphrenin derivatives which are mono- and

Table 4. Normalized concentration [%] and the total peak
area of gomphrenin derivatives in the samples after heat-
ing experiments in acetonitrile

Figure 4. Betacyanins profiles in the samples submitted to 
heating at 40°C in Ac

Figure 5. Betacyanins profiles in the samples submitted to 
heating at 40°C in ACN

Table 3. Normalized concentration [%] and the total peak
area of gomphrenin derivatives in the samples after heat-
ing experiments in acetone
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tridecarboxylated compounds but no bidecarboxylated
compounds were observed. The compound detected in the
largest amount was 17-decarboxy-gomphrenin (m/z 507)
(Table 4). At the beginning of the heating test, significant
concentrations of monodecarboxylated gomphrenin deriva -
tives (m/z 507) with corresponding dehydrogenated
compound (m/z 505) were observed. During the prolonged
heating, the concentration of tridecarboxylated compounds
(m/z 415 and 417) increases slightly and for compound of
m/z 417 reaches the peak after 10 min of the test and then
declines fast.

It can be concluded, that among all used solvents,
acetonitrile degrades gomphrenin at the highest extent. The
least variety of formed derivatives is caused presumably by
quick conversion to the betacyanins final degradation
product – betalamic acid.

Conclusions

In all the tested solvents, the yields of generated 2,17-
bidecarboxy-gomphrenin (m/z 461) and 2,15,17-tri de-
 carboxy-gomphrenin (m/z 417) as well as their corres -
ponding dehydrogenated derivatives are increased during
the heating of the ammonia solutions. At the same time,
the concentration levels of preliminarily formed mono decar -
boxylated derivatives are decreasing due to their fur ther
reactions. The highest and lowest dehydrogenation rates
were observed for acetonitrilic and methanolic solutions,
respectively. 

Acknowledgement

This research was financed by Polish National Science
Centre for years 2015-2018 (Project No. UMO-2014/13/
B/ST4/04854).

Bibliography

[1] Strack D., Vogt T., Schliemann W.: Recent advances in betalain
research, Phytochemistry, 62, pp. 247 – 269, 2003.

[2] Esatbeyoglu T., Wagner A. E., Motafakkerazad R., Nakajima
Y., Matsugo S., Rimbach R.: Free radical scavenging and an -
tioxidant activity of betanin: electron spin resonance spec tro scopy
studies and studies in cultured cells, Food Chemistry and
Toxicology, 73, pp. 119 – 126, 2014.

[3] Allegra M., Tesoriere L., Livrea M. A.: Betanin inhibits the
myeloperoxidase/nitrite-induced oxidation of humanlow-den -
sity lipoproteins, Free Radical Research, 41, pp. 335-341, 2009.

[4] Čanadanović-Brunet J. M., Savatović S. S., Ćetković G. S.,
Vulic J. J., Djilas S. M., Markov S. L.: Antioxidant and
antimicrobial activities of beet root pomace extracts, Czech
Journal of Food Science, 29, pp. 575 – 585, 2011.

[5] Herbach K. M., Stintzing F. C., Carle R.: Betalain stability and
degradation – structural and chromatic aspects, Journal of Food
Science, 71, pp. 41-50, 2006.

[6] Azeredo Henriette M. C.: Betalains: properties, sources,
applications, and stability – a review, International Journal of
Food Science and Technology, 44, pp. 2365–2376, 2009.

[7] Wybraniec S.: Formation of Decarboxylated Betacyanins in
Heated Purified Betacyanin Fractions from Red Beet Root
(Beta vulgaris L.) Monitored by LC-MS/MS, Journal of
Agricultural and Food Chemistry, 53, pp. 3483-3487, 2005.

[8] Wybraniec S., Kumorkiewicz A.: Thermal Degradation of
Major Gomphrenin Pigments in the Fruit Juice of Basella alba
L. (Malabar Spinach),  Journal of Agricultural and Food
Chemistry, 65, pp. 7500-7508, 2017.

Natalia Szmyr, Sławomir WybraniecTytuł skrócony

12

2 Szmyr_Layout 1  2018-06-19  15:33  Strona 5



<<
  /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


