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Abstract

The study was conducted to investigate the influence of supplemental dietary chromium
(Cr3+) on diminution of adverse effects of stress evoked by transport in calves. Twenty eight 14
days old calves housed in the barn were included in the experiment. Animals were divided into four
groups (7 calves in each group): two experimental groups and two control groups, one of which
was fed with milk replacer containing | ppm of chromium for one kg of dry weight (K-Cr and D-
Cr), and the other control groups fed the same food without supplementation (K and D). Groups
D-Cr and D were transported at the distance of | km (from barn to calf barn, ca. 30 min.). Groups
K-Cr and K were left in the barn. Chromium (“Biopleks chromowy” — Alltech USA) was
supplemented for 10 days: 5 days before transportation and 5 days after. The jugular vein blood
was collected before and immediately after the transport and then in 24™ and 72™ hour and later
on in: 7", 14™ and 21* day after the day of the transport. In blood samplings the levels of cortisol,
glucose, cholesterol were measured and distribution of lymphocytes subsets: CD4, CD8 and CD21
were determined. It was showed that chromium supplementation had no effect on the level of
cortisol in transported calves. On the other hand, the level of the glucose decreased immediately
after the transport in calves fed with chromium supplement. Also the levels of cholesterol were low
in blood of calves during the chromium supplementation. The percentage of CD4 lymphocytes
increased in transported calves in group D 24 h after the transport. In groups K, K-Cr and D-Cr no
significant changes in CD4 lymphocytes distribution were observed. In transported calves without
Cr supplementation in the diet, the percentage of CD8 lymphocytes increased in 72™ hour after
the transport. In calves with Cr supplementation there were no changes in CD8 lymphocytes
distribution in comparison with calves that weren't transported. In group D and K the increase in
percentage of CD21| lymphocytes was observed after the transport. Presented data showed how
the Cr supplementation modulated the metabolic and immune response evoked by elevated level
of cortisol in stressed calves.

INTRODUCTION

Calves mortality and morbidity caused by respiratory and digestive tract diseases are
important problem in intensively managed cattle production. Intensity and frequency of these
diseases are markedly influenced by stress inducing management practices applied during the first
few months of calves life. Among them weaning, isolation, transport, commingling and exposition to
new antigens are the most common. Simultaneously decreasing of lactogenic immunity increases
susceptibility of animals to infectious diseases caused by opportunistic microorganisms. Improving
of immune response (immunocompetance) of young animals by using of immunomodulatory agents
is one of the way of reducing and prevention of calves losses. Trivalent chromium naturally occurs
as compound of Cr(lll) and nicotine acid stabilized by some amino acids, chromium picolinate or
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inorganic trivalent chromium ware showed as potent immunomodulator in humans and farm
animals [I, 5, 6, 8]. It was noticed also by Burton [7], Barton at al [5]. And Chang et al. [8, 9] that
food supplementation with organic and inorganic trivalent chromium improved performance and
immune status of stressed feeder calves. Furthermore, involvement of chromium in metabolism of
glucose, lipids and cholesterol is indicated as beneficial for growth and health status of food
producing animals [3, | 1]. The aim of the study was to investigate the influence of supplemental
dietary chromium on diminution of adverse effects of transport-induced stress in calves.

MATERIALS AND METHOD

Twenty eight crossbred black and white (25%) + fresian holstain (75%) 14 days old calves
were used in the experiment. Animals were fed whole milk and milk replacer (Mlekotek R 266).
Calves were randomly assigned to four groups (7 calves in each group): group K — calves stayed in
the barn (in the place of birth), fed a milk diet without chromium supplementation, group K-Cr —
calves stayed in the barn (in the place of birth), fed a milk diet with chromium supplementation,
group D - calves transported to calf pen for 30 minutes, fed a milk diet without chromium
supplementation, group D-Cr- calves transported to calf pen for 30 minutes, fed a milk diet with
chromium supplementation. Calves from group K-Cr and D-Cr were fed a milk supplemented |
ppm of Cr per kg of dry matter for |0 days (5 days before and 5 days after transport). Chromium
was supplied from “biopleks chromu” (Alltech USA). Blood, via jugular venipuncture, was collected
from calves 5 days before transport and then on the day of transport immediately before and after
transport and then 24 and 72 hours and on day 7,14 and 21 after transport. At the same time blood
was sampled from calves which remained in the barn (group K and K-Cr) at intervals. Samples of
sera were analyzed for the level of cortisol (RIA method), glucose and cholesterol (enzymatic
method). Subsets of lymphocytes CD4, CD8 and CD2| were analyzed by flow cytometry analysis
(FACS Calibur, Becton Dickinson).

RESULTS AND DISCUSSION

Serum cortisol level increased in both transported groups of calves (i.e. D and D-Cr)
immediately after transport (p<0,01) and then decreased within 24 hours (p<0,01). The highest
level of cortisol equal to 14,57ng/ml was observed in group D. Cortisol level remained stable in
group K and K-Cr, although in group K-Cr insignificant increasing of its level was observed during
time of transport of calves from group D-Cr (Table I). It was showed that chromium reduced
cortisol level in stressed feeder calves [8, 9, 15, 16]. In our experiment we did not observe the
lowering of serum cortisol level associated with Cr supplementation. However, in groups D-Cr and
K-Cr we observed significant decreasing of glucose concentration after the transport. The level of
glucose increased in both groups of calves within 24 hours after the transport, in group K-Cr it was
significantly higher in comparison wth group D-Cr (Table 2). Similar observations were showed by
Baldi et al. [2] in weaning-stressed piglets where Cr supplementation did not reduce stress (cortisol
level) but improved peripheral glucose utilisation. It was shown that chromium as a component of
glucose tolerance factor (GTF) facilitated interaction between insulin and insulin receptors and
improved glucose transport into the cells [10, |1, 12]. On the other hand, cortisol inhibits
peripheral utilization of glucose. Thus, it seems that chromium supplementation supported glucose
metabolism at periphery in examined calves under stress conditions. There were no significant
differences in glucose concentration in serum of calves from groups K and D.
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In the beginning of the experiment cholesterol concentration in group K and D (without
chromium supplementation) and K-Cr and D-Cr (with chromium supplementation) was
differentiated. However, in group D significant increase of the cholesterol level was observed on
the day of the transport. In group K the level of this agent systematically increased till the end of the
experiment. On the other hand in both groups supplemented with chromium the cholesterol
concentration remained unchanged till 72" hour after the transport (Table 3). Stable and
considerably low level of cholesterol in groups K-Cr and D-Cr may be attributed to Cr
supplementation as was showed in other experiments carried on calves and sheep and pigs [4, |3,
17].

Marked differences in percentage of lymphocytes subpopulations among individual animals
and examined groups of calves were observed. However, in group D and K (without Cr
supplementation) we observed marked differences in lymphocytes distribution which followed
transport: the percentage of CD4 lymphocytes in group D increased significantly (p<0,01) 24 hours
after transport (Table 4), CD8 lymphocytes subpopulation decreased on the day of transport and
increased 72 hours later (Table 5). The percentage of CD2| lymphocytes increased 24 hours in D
groups and 72 hours in K groups after transport (Table 6). Contrary to these observations in group
of calves supplemented with Cr, no marked changes in lymphocytes subpopulations distribution
were observed as a result of transportation. Although, it is generally accepted that stress inhibits
immune response, it was also observed that in rats mild shocks with handling caused significantly
increased immune reactions (IL-2 synthesis, PHA proliferative response, NK cells activity) [14].
Therefore we may conclude that half an hour transport is rather moderate stressor in the context
of lymphocytes subpopulation distribution. Under these conditions Cr supplementation restrained
increasing of CD4, CD8 and CD21| lymphocytes subpopulations in blood.

In conclusion it may be stated that Cr supplementation is beneficial for stressed calves as we
consider modulation of immune response and peripheral glucose utilization.

Table I. Mean concentrations of cortisol (ng/ml) in serum of 14 days old calves.

Group of Sampling
calves direct before direct after 24 h after 72 h after
transport transport transport transport
D 4,54+2,79 14,57+8,61 1,81+2,34 1,43+0,81
K 6,06+2,77 5,03+4,72 4,00+2,48 2,14+1,21
D-Cr 3,07+£2,99 12,28+4,67 3,57+2,00 4,17+2,71
K-Cr 2,23+1,43 5,06+2,24 1,40+0,65 2,77+2,32

Table 2. Mean concentrations of glucose (mmol/l) in serum of 14 days old calves.

Sampling
Group of direct
calves |5 days before|direct before| after |24 h after | 72 h after | |week after | 2 weeks after | 3 weeks after
transport | transport |transport | transport | transport | transport transport transport

D 5,64+0,76 | 5,46+0,87 |5,14%1,27|5,22+1,09|5,75+£0,86| 4,97+0,78 4,29+0,83 4,57+0,70
K 5,72+0,78 | 5,85+0,97 |6,08+1,00|5,92+1,47|5,63+1,28| 5,14+0,57 5,35+£0,76 5,09+0,87
D-Cr | 4,89+£0,70 | 5,01+0,73 |3,58+0,71|4,48+0,29 4,70+0,73| 4,91+0,66 4,32+0,39 4,71+0,82
K-Cr 5,35£0,81 | 4,78+1,12 |4,1440,96|6,03£1,21|5,72£1,39| 5,89+1,24 5,42+1,34 5,62+0,89
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Table 3. Mean concentrations of cholesterol (mg/dl) in serum of 14 days old calves.

Sampling
Group of 5 days direct
calves before before (direct after| 24 h after | 72 h after | 7 days after |14 days after|2| days after
transport | transport | transport | Transport | transport | transport | transport | transport
D X| 91,71 148,44 133,54 110,44 112,26 105,60 97,03 101,64
S| 32,02 55,14 19,38 33,19 16,58 53,94 15,68 36,46
K X| 81,21 92,57 107,42 102,09 107,60 121,04 133,07 174,37
S| 2724 36,40 37,06 48,46 44,86 31,66 39,37 31,25
D-Cr |X| 60,13 62,37 63,22 66,11 78,82 90,23 80,82 72,16
S| 2247 23,11 15,42 20,07 19,12 22,53 16,46 I5,15
K-Cr |X| 58,85 56,16 56,00 67,63 77,40 109,26 134,31 123,23
S| 1571 16,67 17,61 13,88 19,58 18,60 22,65 12,33
Table 4. Mean percentage of lymphocytes CD4 in blood of 14 days old calves
Group of Sampling
Caves |5 days before|direct before| direct after | 24 h after | 72 h after |7 days after| 14 days after| 2 days after
transport | transport | transport | transport | transport | transport | transport transport
D 34,06+12,20 | 34,29+15,08 | 30,93+15,08 | 48,46+21,68 | 41,56+17,44 | 29,09+6,75 | 19,9818,13 21,6314,39
K nd 27,06+£6,40 | 27,22+6,64 | 29,61+3,49 | 29,61+£3,49 |29,58+15,08 | 21,50£11,59 | 25,44+11,06
D-Cr 13,79+8,66 7,25+6,77 | 12,17+11,70 | 11,08+7,53 | 10,36+4,92 |16,22+10,06 | 14,46+7,44 12,98+10,83
K-Cr 6,48+3,73 13,5345,72 | 13,47£7,53 | 14,3548,54 | 14,95£7,64 | 9,4149,32 8,17+6,07 15,5349,77

nd — not determined

Table 5. Mean percentage of lymphocytes CD8 in blood of 14 days old calves

Group of Sampling
calves |5 days before |direct before | direct after | 24 h aftrer | 72 h aftrer |7 days after | 14 days after |21 days after
transport transport transport | transport | transport | transport | transport transport
D 20,34+8,16 | 20,67+8,24 |16,22+10,04|16,96+7,06 |26,18+13,83|15,75+9,04| 9,31+2,42 | 10,2545,63
K nd 10,75£7,47 | 11,19+2,92 |10,65+5,60| 7,18+3,86 |10,18+5,83 | 15,59+£9,27 | 15,9845,63
D-Cr 12,02+£3,54 | 11,42+1,94 | 11,43+£6,39 |10,65+2,50| 10,45+4,47 |13,83£5,33| 10,12+3,02 | 9,50+2,11
K-Cr 9,87+3,47 7,60+1,89 | 8,65+3,05 | 6,14+£3,02 | 5,92+531 | 4,20+0,93 | 7,18+1,23 | 11,66+2,98

nd — not determined

Table 6. Mean percentage of lymphocytes CD2 1 in blood of 14 days old calves

Group of Sampling
calves |5 days before |direct before| direct after | 24 h after | 72 h after |7 days after |14 days after |21 days after
transport transport | transport | transport | transport | transport | transport | transport
D 11,65+591 | 12,13+5,35 | 13,43+8,82 |20,14+18,72| 19,81+8,09 |12,60+7,11| 7,20+1,64 | 6,06*1,26
K nd 12,03£11,7 [12,19£11,15| 10,77£5,41 |25,28+14,10| 6,70+2,82 | 8,35+2,74 | 11,8748,31
D-Cr | 15,63£10,65 | 13,6618,65 | 15,35+9,78 | 14,9318,62 | 14,47+£9,30 |12,62+8,91| 11,21+5,42 |17,54£12,08
K-Cr | 11,93+6,77 | 11,76+7,58 | 10,56+6,08 | 11,69+5,10 | 10,24+4,43 |12,60+6,27| 17,14+7,24 | 15,61+9,41

nd — not determined




ISAH 2003, Mexico

REFERENCES

Anderson R.A. Stress effects on chromium nutrition of humans and farm animals. Biotechnology in the
feed industry: Proc. Alltech’s Tenth Ann. Symp. [ed: Lyons T.P., Jacques K.A.]. 1994, 267-274;
Loughborough, UK; Nottingham University Press.

Baldi A., Bontempo V., Dell'Orto V., Cheli F., Fantuz F., Savoni G.: Effects of dietary chromium-
yeast in weaning-stressed piglets. Can. J. Anim. Sci. 1999, 79(3), 369-373.

Borgs P, Mallard BA.: Inmune-endocrine interactions in agricultural species: chromium and its effect
on health and performance. Domest Anim Endocrinol 1998,15(5), 431-438.

Bunting L.D., Fernandez .M., Thompson D.L.Jr, Southern L.l.: Influence of chromium piclinate on
glucose usage and metabolic criteria in growing Holstein calves. J.Anim.Sci. 1994, 72(6), 1591-1599.
Burton ].L., Mallard B.A., Mowat D.N.: Effect of supplemental chromium on immune response of
periparturient and early lactation dairy cows. J.Anim.Sci. 1993, 71, 6, 1532-1539.

Burton ).L., Nonnecke B.)., Elsasser T.H., Mallard B.A., Yang W.Z.,, Mowat D.N.:
Immunomodulatory activity of blood serum from chromium-supplemented periparturient dairy cows.
Vet. Immunol. Immunopathol. 1995, 49, 1-2, 29-38.

Burton ].L.: Supplemental chromium: its benefits to the bovine immune system. Anim. Fed Sci.Technol.
1995, 53,2, 117-133.

Chang X., Mowat D.N., Mallard B.A.: Supplemental chromium and niacin for stressed feeder calves.
Can.).Anim.Sci. 1995, 75, 3, 351-358.

Chang X., Mowat D.N.: Supplemental chromium for stressed and growing feeder calves. |.Anim.Sci.
1992, 70, 2, 559-565.

. Davis C. M., Royer A., Vincent ].B.: Synthetic Multinuclear Chromium Assembly Activates Insulin

Receptor Kinase Activity: Functional Model for Low-Molecular-Weight Chromium-Binding Substance.
Inorg. Chem. 1997, 36, 5316-5320.

. Galuszka G., Cieslak-Golonka M.: Around the biological importance of chromium (pol.) Wiadomosci

Chemiczne. 1999, 53, 5-6, 279-399.

. Grela Ugeniusz R., Studzinski T., Rabos A.: Role of chromium in human and animal nutrition. (pol).

Med. Wet. 1997, 53 (6), 312-315.

. Lien T.F.,, Wu C.P., Wang B.]., Shaio M.s., Shiao T.Y., Lin B.H., Lu }.J.,, Hu C.Y.: Effect of

supplemental levels of chromium picolinate on the growth performance, serum traits and carcass
characteristics and lipid metabolism of growing pigs. Anim. Sci. 2001, 72(2), 289-296.

. McEwen, Bruces S., Biron Christine A., Brunson Kenneth W., Bulloch K., Chambers W.H et

al.: The role of adrenocorticoids as modulators of immune function in health and disease: neural,
endocrine and immune interactions. Brain Res. Rev. 1997, 23, 79-133.

. Moonsie-Shageer S, Mowat D.N.: Effect of level supplemental chromium on performance, serum

constituens, and immune status of stressed calves. 1993. |. Anim. Sci. 71, 232-238.

. Mowat D.N., Chang X., Yang W.Z.: Chelated chromium for stressed feeder calves. 1993, Can. |.

Anim. Sci. 73, 49.

. Uyanik F.: The effects of dietary chromium supplementation on same blood parameters in sheep. Biol.

Trace Element Reserch. 2001, 84, 1-3, 92-102.




<<
  /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


