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Abstract

Hristev, H., Ivanova, R., & Georgovska, Z. (2019). Study of changes in total proteins, hemoglobine, oxygen capac-
ity (O2CT) and total carbon dioxide (TCO2) in cows of different motor activity and physiological condition, Bulgar-
ian Journal of. Agricultural Science, 25(Suppl 1), 58–61

The purpose of this study is to monitor changes in total protein, hemoglobin and oxygen capacity (O2CT), and total carbon 
dioxide (TCO2) levels in free-range cows during their dry period and depending on the degree of their phisical activity, and 
physiological state. The study was conducted with three groups of cows from the breed Bulgarian Black and White cattle.

Animals from the control group were kept free-ranged in indoor building sand were fed inside the building. They were also 
given access to a yard for a walk. Animals from the fi rst experimental group were grown in the same way with an additional 
daily 2 km walk, and those from the second experimental group - under the same conditions with an additional daily walk of 
4 km. All groups were grown in the same building. Blood samples were taken in dynamics form 5 cows from each group: - on 
their dry period, 7-5 days before calving and 5-7 days after calving. Blood samples were taken from the same animals during 
the different periods.

It was found that the total protein increased with pregnancy and it slightly decreased before birth. Excessive physical exer-
cise (over 4 km) kept the protein synthesis. Hemoglobinleves also increased with pregnancy until the time of delivery, and then 
slightly decreased. Moderate physical exercise (up to 2 km) stimulated hematopoiesis. The level of total carbon dioxide in the 
blood remains in its physiological range regardless of the physiological state of the cows and their physical exercise. Oxygen 
capacity of the blood in animals with moderate exercise is increased with pregnancy and postpartum.
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Introduction

Blood is one of the most important systems of the ani-
mal organism. It performs an intimate, mediating role be-
tween different tissues and organs and refl ects all chang-
es, both physiological and pathological (Moscovina et al, 
2011; Shaposhnikova, 2009). With extreme physiological 
stress, such as lactation and pregnancy, changes in blood 
are almost pathological. According to Naneashev et al 

(2008) this is an obstacle for gathering accurate conclu-
sions.

The lactation period of cows corresponds with different 
stages of fetal development. The lactation and development 
of the fetus overloads all organs and systems, making ani-
mals susceptible to any change in diet, breeding, and exploi-
tation. All of this causes changes in the metabolism and im-
munological resistance of the animals, meaning - disorders 
of the mechanisms ensuring the homeostatic equilibrium of 



59Study of changes in total proteins, hemoglobin, oxygen capacity (O2CT) and total carbon dioxide (TCO2)...

the “mother-fetus” system (Gergovska et al., 2001; Danilov, 
2010, Yudin, 2001, Safonov et al., 2008). The major cause 
of impaired metabolism of proteins, fats, carbohydrates and 
minerals is the change in the alkaline-acid balance of the 
body, which may cause more or less serious illnesses (Jean-
Luc Riond, 2001).

The importance of active movement for industrially 
grown animals is generally known. Forced movement, how-
ever, further exhaust the cow‘s organism, which leads to 
changes in the gas exchange. According to Petritza (1974), 
the ventilation of the lung depends on the speed of move-
ment, the most sensitive changes occur in the fi rst 30 minutes 
of the active load. Increased ventilation of the lung in physi-
cal exercise is mainly due to the higher frequency of respira-
tory movements, which are about 23-25% deeper than those 
in a calm state.

Taking all this into account, we have set ourselves the 
goal of monitoring the changes in total protein, hemoglo-
bin and oxygen capacity (O2CT), and total carbon dioxide 
(TCO2) levels in free-range cows during their dry period and 
depending on the degree of their phisical activity, and physi-
ological state.

Materials and Methods

For the purpose of this study we monitored three groups 
of cows of the breed Bulgarian Black-Whait Cattle. Animals 
from the control group were kept free-ranged in indoor build-
ings and were fed inside the building. They were also given 
access to a yard for a walk. Animals from the fi rst experi-
mental group were grown in the same way with an additional 
daily 2 km walk, and those from the second experimental 
group -under the same conditions with an additional daily 
walk of 4 km. All groups were grown in the same building.

The active movement was organized in a special built-in 
circular track with maximum speed of 2-3 km/h. The feeding 
of all groups of cows was the same, both during lactation 
and during the dry period. The dry period coincided with the 
spring-summer season, and calving coincided with autumn 
season. The trial included animals with a dry period of no 
more than 70 and no less than 50 days.

Blood samples were taken in dynamics form 5 cows from 
each group: - on their dry period, 7-5 days before calving 
and 5-7 days after calving. Blood samples were taken from 
the same animals during the different periods. Hemoglobin 
(Hb) was determined by the cyanomethohemoglobin meth-
od, the common protein was determined using tests form the 
company Boehringer and blood sugar was determined by the 
orthotholoid method (Angelov et al., 1998). The blood was 
taken by puncture of V. jugularis in the morning, before feed-
ing. For the monitoring of oxygen capacity and total carbon 
dioxide we used an Astrup -ABL-3 (Radiometer) apparatus.

The results were statistically processed with the Statistica 
for Windows (1994) program.

Results and Discussion

Proteins in the mother’s organism are used not only for 
building material, but also for the conception and formation 
of all organs and systems of the fetus, as well as in its feeding 
and breathing (Vasilenko et al, 2011).

The results of our experiment show (Table 1) that the 
common protein in blood serum, at the end of the lacta-
tion period, in the control and in the second experimental 
group exceeds the acceptable reference values (Angelov et 
al., 1998). Vassilenko et al. (2011) and Semerunchik (2013) 
suggest that the progression of pregnancy, the accelerated vi-
tal processes of the body and the processes in the mammary 
gland are the cause for an increased protein and overall me-
tabolism. The calving time of our cows has lowered the pro-
tein level by about 12-14 g/l in the control and by about 30 
g/l in the second test group. This state was maintained dur-
ing the fi rst days after birth in the two groups with different 
physical activity, while in the control group the total protein 
increased during the same period. Chilov et al. (1959) be-
lieve that this increase is a result of the increased synthesis of 
globulins. Therefore, we assume that the additional physical 
activity negatively affects the synthesis of common proteins, 
including globules.

Blood proteins maintain the persistence of pH in the blood 
(buffer substances) as well as the level of cations by the for-
mation of non-diffusible compounds (Chilov et al., 1959). Into 

Table 1. Level of total protein depending on the mode of movement of the Black-and-White type cows(g/L)
Groups Number 

of animals
n

Рhysiological periods
Drying

(7 months pregnant)
x ± Sx

8 months 
pregnancy

x ± Sx

5-7 days before 
calving
x±Sx

5-7 days after 
calving
x±Sx

Control group 5 90.8±2.2 86.5±4..0 77.9±2.2 82.8±3.6
Group I 5 86.8±4.0 94.3±4.1 82.5±5.4 78.2±1.7
Group IІ 5 113.6±4.1 96.4±3.8 83.6±4.7 80.2±4.9
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the venous portion of the capillaries, sodium is released from 
the sodium salts of the proteins to bind with the cellular acid 
metabolites, especially carbonic acid, and in the capillaries of 
the lungs, sodium is again combined with the proteins.

The total protein level increased with pregnancy and it 
slightly decreased before birth (Table 2). The ongoing ac-
tive metabolism carried out in the mother and in the fetus, 
is accompanied by the release of all toxic products from the 
metabolism. The amount of these products increases in par-
allel with the physical activity, which in its turn leads to an 
increase in lung ventilation, respiratory rate, pulse rate (Pe-
tritza, 1974), erythrocyte count and hemoglobin content. The 
increase in physical activity in the second group of animals 
(with a walk of up to 4 km) does not lead to an increase in 
Hb, on the contrary, its content slightly decreases. We and 
Nachev et al. (1963) assume that this is due to the increased 
erythrocyte biconcavity (increase in their active surface). In 
the event of forced short-term or prolonged muscular activ-
ity the available reserves are released from the blood depots 
and not only the erythrocytes and Hb increase, but also the 
volume of the circulating blood.

As pregnancy progresses, the hemoglobin content in-
creases and, in parallel, the total amount of oxygen in the 
blood, presented as dissolved oxygen and as oxyhemoglo-
bin, also increases (Table 3). After birth the oxygen capac-
ity in the control group gradually returned to the baseline of 
non-pregnant animals. In the case of animals with physical 
activity, the oxygen capacity increases even after birth, espe-
cially in animals with a daily walk of 2 km. However, the ex-
cessive increase in animal activity reduces the absorption of 
oxygen and reduces its capacity (Petritza, 1974). According 
to the same author, the maximum ventilation of the lung and 
the absorption of oxygen occur not at the end of the physical 
activity, but after 30 - 60 minutes from its beginning.

Physical activity leads to the exchange of K, PO4 and Ca 
from the muscles to the blood and connective tissue, and ex-
change of Na and Cl from the blood to the muscles. The loss 
of K from the tired muscle hinders the glycogen resynthesis 
and restricts the muscle from supply material use for energy 
(Chilov et al., 1959). Therefore, the problem of muscle fa-
tigue should not be accepted as a disrupted general nutrient 
exchange but as a result of disrupted mineral exchange.

Table 2. Hemoglobin level in Black-and-White type cows depending on the mode of movement and their physiological 
state (g L)
Groups Number 

of animals 
n

Рhysiological periods
Drying

(7 months pregnant)
х±Sх

8 months 
pregnancy

x ± Sx

5-7 days before 
calving
x±Sx

5-7 days after 
calving
x±Sx

Control group 5 139.6±2.3 144.8±1.6 150.2±4.8 141.0±5.5
Group I 5 140.2±5.7 152.3±9.2 156.2±5.8 146.2±3.5
Group IІ 5 133.0±4.3 143.2±4.8 148.6±10.4 143.0±6.4

Table 3. Level of O2CT (oxygen capacity) depending on the mode of movement of Black-and-White type cows( mmol/L)
Groups Number 

of animals 
n

Рhysiological periods
Drying

(7 months pregnant)
x±Sx

8 months 
pregnancy

x ± Sx

5-7 days before 
calving
x±Sx

5-7 days after 
calving
x±Sx

Control group 5
9.04±0.67

11.42±0.68 15.10±0.56 12.10±0.99
Group I 5 12.03±1.44 13.62±0.66 14.68±0.86
Group IІ 5 11.48±0.78 12.77±1.34 12.27±0.66

Table 4. Level of TCO2 (Total CO2) depending on the mode of movement and physiological state in Black-and-White 
type cows (mmol/L)
Groups Number 

of animals
n

Рhysiological periods
Drying

(7 months pregnant)
x±Sx

8 months 
pregnancy

x ± Sx

5-7 days before 
calving
x±Sx

5-7 days after 
calving
x±Sx

 Control group 5
27.71±0.46

30.16±1.20 27.12±1.14 29.63±0.82
Group I 5 27.30±1.33 30.76±0.32 30.04±1.59
Group IІ 5 30.86±1.27 27.47±1.18 30.30±0.85
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Animals from the test and control groups, with different 
physiological status and physical activity, retained the level 
of total carbon dioxide within the range of the physiological 
rate (Table 4).

Conclusions

The total protein level increases with pregnancy and it 
slightly decreases before birth. Excessive physical activity 
(over 4 km) keeps protein synthesis.

Hemoglobin level increases with pregnancy and it slight-
ly decreases after birth. Moderate physical activity (up to 2 
km) stimulates hematopoiesis.

The level of total carbon dioxide in the blood remains in 
its physiological range regardless of the physiological state 
of the cows and their physical activity.

Oxygen capacity of the blood in animals with moderate 
activity increases with pregnancy and postpartum.

References

Angelov, G., Ibrishimov, N., & Milashki, St. (1998). Clinical 
laboratory methods in veterinary medicine, pp 360 (Bg).

Chilov, K., Beloev, Y., Vasilev, M., & Vladimiro, Vl. (1959). Clin-
ical laboratory tests and their practical signifi cance. Ed prof. M. 
Rashev, Meditsina i fi zkultura, pp 800 (Bg).

Danilov, M. S. (2010). Some biochemical blood parameters of 
cows in the stall period (Nekotorue biohimicheskie pokazateli 
krovi korov v stoylovuy period). Veterinaria, www.rusnauka.
com (Ru).

Gergovska, Zh., Atanasov, V., Mitev, Yu., & Sabev, S. (2001). 
Comparative study of serum electrolyte values in cows depend-
ing on the distance of movement before calving, Zhivotnovadni 
nauki, 3-4, 36-38 (Bg).

Jean-Luc Riond, 2001, Animal nutrition and acid-base balance. 
Eur. J. Nutr. 40, 245–254.

Moskvina, A. S., & Maksimov, V. I. (2011). Morphophysiological 
indicators of blood in cows during the vaccination (Morfofi zio-
logicheskie pokazateli krovi glubokoctelnah korov pri vaksina-
cii), Vestnik Orel GAU., 6(33), 65-67 (Ru).

Nachev, B., Nikov, Sv. Lalov, Hr. (1963). Clinical - laboratory di-
agnosis in veterinary medicine. Zemizdat, pp. 408 (Bg).

Nenashev, I. V., & Bikteev, Sh. M. (2008). The morphological 
composition of the blood of cows in the shelves in various 
places is given to stall maintenance. (Morfologicheskiy sos-
tsv krovi glubokoctelnah korov v raznae periday stoilovogo 
soderzhaniy), Izvestiy ОGАU, 4(20-1), 183-185 (Ru).

Petrica, V. А. (1974). Effect of exercise on gas exchange in cows. 
(Vliyanie mociona na gazoobmen u karov). Veterinariya, 12, 
18-19 (Ru).

Safonov, V. A., Nezhdanov, A. G., Retskiy, M. I., & Shush-
lebin, V. I. (2008). Changes in biochemically blood param-
eters in high-yield cows in second part of pregnancy and 
postpartum period. (Izmenenia biohimicheskih pokazate-
ley krovi u vusokoproduktivnuh korov vo vtoroy polovine 
beremennosti i v poslerodovoy period). Vestnik Rossiyskoy 
akademii selyskohozyaystvennыh nauk, 3, 74-76 (Ru).

Semerunchik, А. D. (2013). The peculiarities of the content of the 
protein fraction in the blood in the blood of deep-shelled cows 
of different ages. (Osobenosti soderzhaniya belkovaih frakcii 
v saivorotke krovi glubokoctelnah korov raznogo vozrasta). 
Aktualnae problemai gumanitarnaih I estestvenaih nauk, 7-2, 
212-214 (Ru).

Shaposhnikova, L. V. (2009). Physiological state of cows in early 
pregnancy , PhD thesis (Fiziologicheskoe sostoyanie korov na 
rannih srokah stelnosti: avtoref. dis. kand. biol. nauk: 03.00.13 
/ - Ryazan, 2009), 25 (Ru).

Vasilenko, Т. F., Mongalev, N. P., & Chuvturova, N. I. (2011). 
Physiology of estrous cyclicity in the reproductive function 
of cows (Fiziologiya estralnoy ciklichnosti v reproduktivnoy 
funkcii korov), Ekaterinburg: UrORAN, s. 176.

Yudin, M. F. (2001). The physiological state of the body of cows 
in different seasons of the year (Fiziologicheskoe sostoyanie 
organizma korov v raznue sezonu goda). Veterinaria, 2, 38-
41.



<<
  /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


