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IN VIVO ANTIOXIDANT ACTIVITY EVALUATION OF PEPTIDES PRODUCED DURING 
THE FERMENTATION OF YOGHOURT-LIKE DAIRY PRODUCTS
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Abstract

ALEKSANDROVA, V., G. CHIKOV, G. VELIKOVA, M. DIMITROV and S. G. DIMOV, 2013. In vivo antioxidant activity 
evaluation of peptides produced during the fermentation of yoghourt-like dairy products. Bulg. J. Agric. Sci., Supplement 2, 
19: 90–100

A collection of few dozens Lactobacillus strains belonging to different species was previously screened for proteolytic 
activity by polyacrylamide gel electrophoresis during cultivation in skim milk (data not shown). Four Lb. delbrueckii strains 
were selected based on their good proteolytic activity. They all belonged to the subspecies bulgaricus and lactis, and were used 
in combination with the commercial yoghourt starter LBB BY D4 (“LB Bulgaricum” PLC, Sofi a, Bulgaria) for the production 
of yoghourt-like dairy products, which were further analyzed for in vivo antioxidant activity caused by the peptides obtained 
during the fermentation of the milk proteins. It was found that the concentration of the reactive oxygen species (ROS) within 
living yeast cells (used as indicator for the test) was lower when treated with samples obtained by the combined starters in 
comparison with the commercial starter only. Differences between the strains were also observed, thus suggesting that different 
strains possess different levels of probiotic antioxidant properties in vivo. To the authors knowledge this is the fi rst study of the 
antioxidant activity of the fermented milk protein using an in vivo testing system.
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Introduction

Bulgarian yoghourts are famous worldwide for their good 
quality and to be benefi cial properties for the human health, 
the last being reported from many years (Metchnikov, 1907; 
Grigorov, 1905). Their probotic properties are extensively 
investigated, and they are mainly attributed to colonization 
of the human gastrointestinal tract by benefi cial lactobacilli 
(Frese, 2012), and to the consumption of peptides produced 
during the fermentation of the milk proteins. Their advan-
tages as nutrients in comparison of the crude milk proteins 
are mainly due to the facilitated assimilation and the reduced 
immunogenicity (Chen, 2012). The consumption of yoghurts 
is also one of the few choices for people with lactose intoler-
ance to use milk as food (de Vrese, 2003).

Traditional Bulgarian yoghurts are produced by the si-

multaneous fermentation of the milk by two bacterial species 
– Streptococcus thermophlus and Lactobacillus delbrueckii, 
the second one belonging most often to the subspecies bul-
garicus. In this research, the aim was focused on the inves-
tigation of the probiotic role of Lactobacillus delbrueckii 
as a key factor in the generation of peptides with potential 
anticarcinogenic properties due to expressed antioxidant 
activities. Although similar studies are previously reported 
(Parella, 2012), to our knowledge this study is the fi rs one 
where in vivo test for ROS levels determination is used.

Materials and Methods

Lactobacillus delbrueckii subsp. delbrueckii 286 and 
287, and Lactobacillus delbrueckii subsp. lactis 1012 and 
3559 were obtained from the National Bank of Industrial 
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Microorganisms and Cell Cultures (nbimcc.org, Sofi a, Bul-
garia), and cultivated on MRS broth – liquid or 1.5% agar 
media at 37°C without agitation. Saccharomyces cervisiae 
551 was kindly provided by the Laboratory of Microbial ge-
netics (Sofi a University “St. Kliment Ohridski”, Faculty of 
Biology), and cultivated at 30°C on YPD broth – 1.5% agar 
or liquid media (when cultivated on liquid media 200 rpm 
agitation was applied for aeration).

Yoghourt-like products were produced as follows: 45 ml 
10% sterile skim milk were inoculated with 5 ml of D4 LBB 
BY lyophilized starter (“LB Bulgaricum” PLC, Sofi a, Bul-
garia) resuspended in sterile microbial saline at concentra-
tion 25 grams/liter, or with 2.5 ml resuspended starter and 
2.5 ml 24 hours liquid culture of the investigated Lactoba-
cillus delbrueckii strain grown on MRS broth, followed by 
fermentation for 6–10 hours at 42°C until cagulation. The 
obtained yoghurts were stored for several hours at 4°C until 
further analysis.

The fermented products were resuspended by vigorous 
vortexing, and whey samples were then prepared by centrif-
ugation for 5 min. at 12 000 x g of 1.5 ml of the resuspended 
product. The obtained whey supernatants were transferred 
in sterile 1.5 ml tubes, and protein content was evaluated by 
the method of Bradford (Bradford, 1976). All samples were 
used immediately for the ROS test or stored at –20°C for 
electrophoretical analysis. For the antioxidant test, fi ltration 
trough 0.2 μm bacterial fi lters sterilized them.

For the control studies, milk protein samples were pre-
pared by coagulation of 10% skim milk with 0.1N HCl add-
ed in small portions until a precipitate began forming. The 
pH of the non-fermented samples was corrected by neutral-
ization with 0.1 N NaOH until it reached 6.5–7.0.

Yoghurt and whey samples were subjected to electropho-
retical analyses on 8 x 10 x 0.1 cm gels using LKB Bromma 
2050 Midget unit (Pharmacia Amersham Co). They were 
analyzed by Tris-glycine PAGE using 15% separating gel ac-
cording to Laemmli (Laemmli, 1970). Whey samples were 
analyzed also on Tris-tricine PAGE using 16.5% separating 
gel (Shägger and Jagow, 1987). In all cases, 25 μg of total 
protein were applied for from the yoghurt samples and 5 μg 
of total protein were applied from the whey samples. Low 
Range Molecular Weight Standards (Bio-Rad) were used in 
both types of electrophoresis. Gels were visualized by stain-
ing with Coomassie (Sednak and Grossberg, 1977) or silver 
staining (Shevchenko et al., 1996).

Whey samples were subjected to in vivo antioxidant 
test, which was developed in the Department of Genetics, 
Sofi a University “St. Kliment Ohridski”, Faculty of Biology 
(Stoycheva et al. 2012). The indicator Saccharomyces cere-
visiae 551 was cultivated on liquid YPD broth at 30°C with 

aeration until it reached 5x107 cfu/ml, which was determined 
spectrophotometrically. For each measurement and the two 
controls, positive and negative, cells from 6 ml culture were 
separated from the broth by centrifugation for 3 min. at 6000 
x g, and resuspended in the same volume of new YPD broth. 
300 μl of the whey samples, which play the role of ROS 
quenchers, were added to the resuspended yeast cells. After 1 
hour of incubation at 30°C with aeration ethylmethanesulfo-
nate (EMS) was added to the samples at fi nal concentration 
16 mM, and the cultures were incubated for another 30 min 
at the same conditions. Cells from the different samples were 
collected by centrifugation as described, and resuspended in 
6 ml phosphate buffered saline (PBS) pH 7.4. 100 μl of each 
sample were used for 10-fold dilutions to 10–4, and 100 μl of 
each dilution was plated on Petri dishes in order to evaluate 
the viability of the yeast cells. The positive control (K1) rep-
resented yeast cells, which were neither treated with whey 
or EMS, but only incubated for 30 min on liquid YPD broth 
as mentioned. The negative control, (K2) represented yeast 
cells, which were only treated with EMS for 30 min as indi-
cated, but not with whey samples as quenchers. Each experi-
ment was performed in four repeats for the different samples 
and the controls.

The ROS levels can be accounted for, by measuring the 
concentration of superoxide ions. We measured the levels of 
the O2

- groups by using the specifi c reaction of formation of 
colored formazans. For this purpose to the remaining parts of 
the samples 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide (XTT) was added to fi nal con-
centration 123 μM, and incubated with aeration for 6 hours 
at 30°C, the yeast cells were removed by centrifugation as 
indicated, and the OD470 was measured. The levels of formed 
formazans were plotted to the living cells evaluated by the 
number of the colonies obtained.

Results and Discussion

In order to evaluate the proteolysis of the milk proteins, 
samples of yoghurt-like products and their whey proteins 
were subjected fi rst to Tris-glycine PAGE (Figure 1). This 
clearly showed that protein profi le of the milk changes with 
all starters used, the best proteolysis been present when 
both Lactobacillus delbrueckii subsp. bulgaricus 286 and 
287 were used as co-starters. This is best visualized by 
the decreasing intensity of the band corresponding to the 
β-lactoglobulin in the whey proteins samples. In all whey 
samples, a 21 kDa band is present which does not correspond 
to any of the milk proteins. We suggest that this 21 kDa pro-
tein is a product of the proteolysis of some of the caseins, 
because it is absent in the non-fermented milk control. It can-
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not be seen in the yoghurt samples, probably because it is 
masked by the higher protein content leading to interactions 
between the different proteins resulting in the formation of 
high molecular mass complexes.

In order to obtain better results, whey protein samples 
were subjected to Tris-tricine PAGE (Figure 2). In this case, 
the observed differences between the starter combinations 
and the commercial starter, were better expressed. Not sur-
prisingly, best proteolysis was observed in the samples co-
fermented with the two Lactobacillus delbrueckii subsp. 
bulgaricus strains. However, on the tricine electrophoresis a 
degradation of a protein with molecular weight of about 15 
kDa was also observed for the two subsp. bulgaricus strains. 
This activity can be attributed without doubt to these strains 
because the ~15 kDa band is observed in the samples from 
the commercial starter only and the combined starters with 
the two Lactobacillus delbrueckii subsp. lactis 1012 and 
3559.

Antioxidant properties of the fermented dairy products 
produced by strains, which present high proteolytic activi-

ties, could be a prerequisite for anticarcinogenic activity. The 
main advantage of our study is the use of an in vivo test. The 
indicator Saccharomyces cerevisiae 551 yeast strain possess 
the retrotransposon Ty1. Its transposition within the genome 
is induced by carcinogens, and leads to reorganizations com-
parable to these observed during carcinogenesis. The spe-
cifi c activation of Ty1 by carcinogens is believed to be due 
to the increased levels of ROS and DNA damages caused by 
the oxidative stress. A correlation exists between the aug-
mented ROS levels and the activation of the transposition 
of Ty1 (Stoycheva et al., 2012). ROS quenchers, such as the 
whey samples in our research, can decrease these increased 
ROS levels and transposition frequencies. 

In our experiments whey samples obtained from the com-
mercial starter only and the commercial starter combined 
with each of the four selected Lactobacillus delbrueckii 
strains were tested for ROS-quenching properties, and the 
quenching capacities of the different whey samples were 
quantifi ed as described in the “Materials and methods” sec-
tion. The results are summarized in Table 1.

From all whey samples highest viability of the indicator 
yeast cells were observed in the sample treated with whey 
proteins obtained from the commercial starter combined 
with Lactobacillus delbrueckii subsp. bulgaricus 286 and 
287, and Lactobacillus delbrueckii subsp. lactis 3559, which 
was more than 70%. The lowest viability of the indicator 
yeast cells was observed in the sole presence of the com-
mercial starter - about 15%. Nonetheless, the viability in this 
case is still higher than the non-treated with quencher control 
sample K2 , which was only 8%.

Concerning the intracellular ROS concentrations, they 
were lowest for the indicator cells treated with Lactoba-
cillus delbrueckii subsp. bulgaricus 286 and Lactobacillus 
delbrueckii subsp. lactis 1012. The highest concentration of 
ROS was observed in the sample treated with the commer-
cial starter only, which was slightly higher even than that of 

Fig. 1. Tris-glycine PAGE of the yoghurt-like products 
and their whey proteins

Fig. 2. Tris-tricine PAGE of the whey proteins samples

Table 1
Results from the ROS test
Sample [ROS], 

μM/ml
Viability, 

%
Intracellular 

concentration 
of ROS, pM

K1, non treated control 0.123 100% 0.010
K2, EMS treated control 0123 8% 0.260
D4 LBB BY 0.617 15% 0.363
D4 LBB BY + 286 0.185 74% 0.022
D4 LBB BY + 287 1.234 76% 0.145
D4 LBB BY + 1012 0.200 55% 0.032
D4 LBB BY + 3556 0.617 72% 0.076
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the control K2. This discrepancy however can be attributed 
to precision fl uctuations during the measurements. With ex-
ception of Lactobacillus delbrueckii subsp. bulgaricus 287, 
in the samples from the other combined starters the intracel-
lular ROS concentrations were at average of 5 to 10 times 
lower than the observed in the sample from commercial 
starter and the non-treated with quencher control K2.

If the viability results are considered together with those 
of the intracellular ROS concentrations, the most promis-
ing results were obtained from the Lactobacillus delbrueckii 
subsp. bulgaricus 286, which led to one of the highest vi-
abilities of the indicator, and in the same time to the lowest 
intracellular ROS concentration.

Conclusions

Our study confi rmed that antioxidant probiotic properties 
can be attributed to the Bulgarian yoghurts. Nevertheless, the 
potential anticarcinogenic effect is strongly dependent of the 
strains used for the fermentation. To the best of our knowl-
edge, this is the fi rst study in the fi eld where an in vivo test-
ing system is used. Thus, the results are promising for both 
further studies on the antioxidant properties of yoghurts, and 
the introduction on the market of yoghurts with proven ben-
efi cial antioxidant effect, in addition to the other probiotic 
properties of the traditional Bulgarian yoghurts.

References

Bradford, M., 1976. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of 
protein-dye binding. Anal. Biochem. 72: 248–254.

Chen, L., Song, P., Jia, F. and J. Wang, 2012. Reducing the Al-
lergenicity from Food by Microbial Fermentation, Advanced 
Materials Research, 524–527: 2302–2305.

Frese, S. A., Hutkins, R. W and J. Walter, 2012. Comparison of 
the Colonization Ability of Autochthonous and Allochthonous 
Strains of Lactobacilli in the Human Gastrointestinal Tract. Ad-
vances in Microbiology, 2: 399–409.

Grigorov, S., 1905. Étude sur un lait fermenté comestible. Le “Kis-
sélo mléko” de Bulgarie. Rev. Med. Suisse Rom., 25: 10–15.

Laemmli, U.K., 1970. Most commonly used discontinuous buffer 
system for SDS electrophoresis. Nature (London), 227: 680–
685.

Metchnikov, E., 1907. The Prolongation of Life. Optimistic stud-
ies. Heinemann, Ltd., London, 

Parrella, A., Caterino, E., Cangiano, M., Criscuolo, E., Russo, 
C., Lavorgna, M. and M. Isidori, 2012. Antioxidant proper-
ties of different milk fermented with lactic acid bacteria and 
yeast. Int. J. Food Sci. and Technol., 47: 2493–2502.

Sednak, J. and S. Grossberg, 1977. A rapid, sensitive and versatile 
assay for protein using Coomassie Brilliant Blue G 250. Anal. 
Biochem., 79: 544–552.

Shägger, H. and G. van Jagow, 1987. Tricine-sodium dodecyl-
sulfate-polyacrylamide gel electrophoresis for the separation of 
proteins in the range from 1 to 100 kDa. Anal. Biochem., 166: 
368–379.

Shevchenko, A., Wilm, M., Vorm O. and M. Mann, 1996. Mass 
spectrometric sequencing of proteins silver-stained polyacryla-
mide gels. Anal. Chem., 68: 850–858.

Stoycheva, T., Pesheva, M., Dimitrov, M. and P. Venkov, 2012. 
The Ty1 Retrotransposition Short-Term Test for Selective De-
tection of Carcinogenic Genotoxins, Carcinogen, InTech Ri-
jeka, Croatia

de Vrese, M., Stegelmann, A., Richter, B., Fenselau, S., Laue, 
C. and J. Schrezenmeir, 2001. Probiotics - Compensation for 
Lactase Insuffi ciency. Am. J. Clin. Nutr., 73 (suppl.): 421S-
429S.



<<
  /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


