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Abstract

The purpose of this study was to determine intestinal digestibility of residual components of cassava
pulp solid state fermentation by Saccharomyces cerevisiae for animal feed. Three ruminally cannu-
lated Holstein cows were used to determine the in sitfu degradability of cassava pulp solid state
fermentation by Saccharomyces cerevisiae. Thirty-six sample bags of fermented cassava pulp were
incubated in the rumen for 16 h to determine the in vitro intestinal digestibility. The results of the
chemical analysis indicated that fermentation was slightly improved ruminal undegradable protein
(RUP) of cassava pulp. The highest value of RUP was significantly differ (p<0.05) after 5 days of
fermentation period. Ruminal undegradable protein content increased (p<0.05) with the addition of
Saccharomyces cerevisiae in cassava pulp. The present results indicate that fermented cassava pulp
can improved, protein content and ruminal undegradable protein content.
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Introduction

One of the most important problems in animal
husbandry is that the animals could not be fed
adequately (Saricicek and Kilic, 2004). Cassava
or tapioca (Manihot esculenta, Crantz), a root
crop is one of the major crop grown, especially
in northeast of Thailand. In Thailand, cassava

pulp is always sold as a cheap animal feed
material in substitution of urea, yeast and other.
Therefore, through the solid state fermentation,
protein content in the cassava pulp can be
increased that can lower the cost of animal
feed. Cassava pulp is fermented with yeast

T This paper was presented at 2" SUT-Graduate Conference 2009

' School of Animal Production Technology, Institution of Agricultural Technology, Suranaree University of
Technology, Muang, Nakhon Ratchasima, 30000, Thailand, E-mail: kaewwongsa @ hotmail.com

2 Department of Animal Science, Faculty of Agricultural, Khon Kaen University, 40002, Thailand

3 Department of Animal Science, Faculty of Natural Resources, Rajamangala University of Technology Isan,
Sakon Nakhon Campus, Phangkhon, Sakon Nakhon 47160, Thailand

* Corresponding author

Suranaree J. Sci. Technol. 16(4):291-296



292 Intestinal Digestibility of the Residual Components of Cassava Pulp Solid State Fermentation

(Saccharomyces cerevisiae) for protein enrich-
ment before it is used as the high quality animal
feed material (Oboh and Akindahunsi, 2005;
Srinorakutara et al., 2006; Ubalua, 2007).
Estimations of intestinal digestibility of rumen
undegraded protein of feeds are critical in the
application of protein evaluation systems for
ruminants (Faria-Marmol et al., 2002). The rate
and extent of protein degradation in the rumen is
very crucial, as it determines the availability of
nitrogen to microorganisms and amino acids
in the small intestine to the host animals. The
protein consumed by the ruminant should be
partly degradable in the rumen, into peptides,
amino acids and NH;-N derived from proteolysis
to be used in microbial protein synthesis and to
impove rumen ecology. It is, therefore, very
important to determine the degradability and
digestion of different feed ingredients which
are grown and used in different locations.
Incubation of feeds in nylon bags in the rumen
of cannulated ruminants have been used to
determine the extent of rumen degradation of
the feed protein (Jrskov and McDonald, 1979;
Rao and Prasad, 1989; Islam et al., 2002). The
feed N which escapes rumen degradation
and digestibility can be further measured by a
three-step in vitro procedure (Calsamiglia and
Stern, 1995; Kamalak er al., 2005). Therefore, the
objective of this study was to contribute to the
knowledge of degradation characteristics and
lower-gut digestibility of different protein
sources from cassava pulp fermentation by
S.cerevisiae in ruminants fed by low quality
roughages, since most of ruminant production
in the tropics was based on low quality rough-
ages.

Materials and Methods

Sample Preparation

Cassava pulp was collected from the
factory of cassava starch production in Nakhon
Ratchasima province, Thailand. It was dried in
hot air oven at 60°C for 48 h or until it was dried
completely before performing the experiment. The
yeast culture used in this experiment contains as

the effective agent living non-pathogenic yeast
of the S. cerevisiae species, strain SC-47 (NCYC)
in the minimum amount of 1 x 10> CFU/1 g.

About 1 kg of cassava pulp is used for
fermentation. The moisture content of cassava
pulp was adjusted to 50% by adding 10% urea,
1.25% molasses. Three samples were prepared
by mixing cassava pulp with 0, 0.5, 2.5, and 5%
of S. cerevisiae. A control sample contained no
S. cerevisiae. The samples were incubated
for 1, 3 and 5 days, dried, grounded and
subsequently analyzed.

Animals and Ruminal Degradability Study

Three, ruminally fistulated Holstein Frisian
dairy cows with an average weigh of 320 £15 kg
and 4-5 years old were used to determine
ruminally degradability and intestinal digestibility
of cassava pulp fermented yeast.

Invitro Pepsin-Pancreatin Digestion Procedure

Samples of the feed residue from nylon
bags at 16 h incubation time, the bags were
removed from the rumen and were immediately
washed with cold tap water until clear, and dried
in a forced air oven at 60°C for 72 h, after
determining N content, were put into a 50 ml
centrifugation tube in quantities equivalent to
15mg of N. 10mlof a0.1 N HCl solution (pH 1.9),
containing 1 g/litre of pepsin (sigma P-7012,
Sigma) were added and the samples incubated
for 1 hin a 38°C shaker water bath. After incuba-
tion, 0.5 ml of a 1 N NaOH solution and 13.5 ml
of a pancreatin solution (0.5 M KH,PO, buffer
standardized at pH 7.8 containing 50 ppm of
thymol and 3 g/litre of pancreatin [Sigma P-7545,
Sigma]) were added. The samples were incubated
at 38°C for 24 h in a shaker water bath, and mixed
(magnetic stirrer) every 8 h. After incubation,
3 ml of a 100% (wt/vol) solution of TCA were
added to the tubes to stop enzymatic action and
to precipitate undigested proteins. All tubes were
mixed and allowed to stand for 15 min. The
samples were centrifuged at 10000 X g for 15 min
and the supernatant was analyzed for soluble
N by the Kjeldahl method (AOAC 1990). Pepsin-
pancreatin digestion of protein was calculated
as TCA-soluble N divided by amount of sample
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N (Nylon bag residue) used in the assay
(Calsamiglia and Stern 1995)

Sample Analysis

The nutritional composition of S. cerevisiae
fermented cassava pulp product was evaluated
using the protein content of crude protein (CP),
non-protein nitrogen (NPN), true protein and feed
residues from bags after the 16 h incubation
using Kjeldahl method (AOAC, 1990). The
supernatant was analysed for soluble N by
Kjeldahl method (AOAC, 1990).

Data Analysis

Calculations as described by Subuh ez al.
(1996) were used for ruminal, post-ruminal and
total tract protein disappearance using the
nylon bag technique. Data of three step proce-
dure were calculated as described by Calsamiglia
and Stern (1995). Crude protein degradability
was calculated as a percent of total CP:

%CP degradability = [(initial CP - post
incubate CP)/initial CP] x 100.

Statistical Analysis

Data of in vitro three-step procedure was
calculated as described by McNiven et al. (2002).
Data were analyzed by SAS (1998). The statistical
analysis of data three-step in vitro procedure
was made according to the following model:

Yij =u+ Sij + 8ij

where, Yj;= the criteria under study; i = overall
mean; §; = feed source effect (or treatment of
roughage diet); &;-residual.

Results and Discussion

The chemical composition of the cassava pulp
fermented yeast studied is presented in Table 1.
The CP content of the cassava pulp fermented
by yeast products showed the concentrations
of true protein and NPN were numerically lower
than in soybean meal (Borucki Castro et al., 2007).
Cassava waste from starch industry utilized as

Table 1. The chemical composition of cassava pulp of fermented by S. cerevisiae

Yeast Fermentationtime  Crudeprotein  Trueprotein  Non protein nitrogen
(%) (days) (%DM) (%DM) (%DM)

0 1 14.64% 13.01 1.63

3 19.39° 17.80 1.59

5 13.13¢ 11.11 2.02

05 1 16.07% 14.06 2.01

3 20.38" 1841 1.97

5 21.50°¢ 19.55 195

25 1 18.14° 1649 1.65

3 19.98 % 1832 1.66

5 21.66° 19.88 1.78

50 1 21.46° 19.72 1.74

3 21.20° 19.57 1.63

5 26.3449 24.74 1.60

SEM 0.716 0.726 0.048

Main effect Yeast * ns ns
Day * ns ns
Yeast x day * ns ns

Different letters within the same column mean values with different significance.

'p<0.05, ns: non significant difference.
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animal feed fermentation with Rhizopus and
Rhizopus sp. 26R. The protein was enriched to
24% after the fermentation (Putipipatkajon and
Srinophakun, 1999).

The protein content gradually augmented
with time because the yeast converts nitrogen
source to protein. The highest of crude protein
and true protein were 26.34 and 24.74%DM
respectively in the fermented cassava pulp with
5% S. cerevisiae at 5 day period.

The rumen undegradable protein (RUDP)
was determined by the in vitro nylon bag
technique. Table 2 showed the in vitro intestinal
digestion of feeds. Rumen undegradable protein
increased with the increased the incubation time
for all treatments.

Incubation of bags in the rumen before
insertion into the duodenum increased intestinal
undegradable CP (de Boer et al., 1987; Stern
etal., 1997). In the in vitro enzymatic technique
or three step technique, there were also numerous
factors influencing the value, e.g. the time
of incubation (Cone et al., 2002), group of

Table 2. In vitro intestinal digestion of feeds

feedstuffs (Tomankova, and Kopecny, 1995),
variety of enzyme (Roe et al., 1991), pH of buffer
and enzyme concentration (Licitra ez al., 1999).

Conclusions

The results obtained from this experiment could
have a great impact on animal feed especially
using local resources-based diets. The present
results indicate that fermentation of cassava pulp
by yeast can improve CP content and rumen
undegradable protein. The further investigations
are now undertaken in the same laboratory to
confirm the above postulation. This method
could be more useful for routine feed evaluation
without the need for a rumen fistulated animal.
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Yeast Fermentation time Intestinal digestibility = Rumen undegradable protein
(%) (days) (%) (%)
0 1 43.55%® 7645
3 4372 78.35¢%
5 44.01% 79.45%®
05 1 43.26%® 80.13%
3 42.10* 78.78*
5 42.50% 77.92*%
25 1 42.95° 79.67%
3 44.18° 82.34°
5 44.88° 80.98 %
50 1 42.52* 82.55°
3 41.94* 83.89%
5 4597° 84.78°¢
SEM 0.208 0.142
Main effect Yeast ns *
Day ® ®
Yeast x day ns *

Different letters within the same column mean indicate significant difference (p<0.05)

*p<0.05, ns: non significant difference.



Suranaree J. Sci. Technol. Vol. 16 No. 4; October - December 2009

295

References

Association of Official Analysis Chemists. (1990).
Official method of analysis. 15" ed. AOAC,
Washington, DC.

Borucki Castro, S.I., Phillip, L.E., Lapierre, H.,
Jardon, P.W., and Berthiaume, R. (2007).
Ruminal degradability and intestinal
digestibility of protein and amino acids in
treated soybean meal products. J. Dairy
Sci., 90:810-822

Calsamiglia, S., and. Stern, M.D. (1995). A three-
step in vitro procedure for estimating
intestinal digestion of protein in ruminant.
J. Anim. Sci., 73:1,459-1,465.

Cone, J.W., Kamman, A.A., Van Gelder, A.H., and
Hindle, V.A. (2002). Rumen escape protein
in concentrate ingredients determined with
the nylon bag and enzymatic techniques.
Anim. Feed Sci. Technol., 97: 247-254.

de Boer, G., Murphy, J.J., and Kennelly, J.J. (1987).
Mobile nylon bag for estimating intestinal
availability of rumen undegradable protein.
J. Dairy Sci., 70:977-982.

Faria-Marmol J., Gonzalez J., Rodriguez C.A., and
Alvir M.R. (2002). Effect of diet forage
ratio on rumen degradability and post-
ruminal availability of protein from fresh
and dried lucerne. Anim. Sci., 74:337-345.

Islam, M.R., Ishida, M. and Nishida, T. (2002). In
situ dry matter, nitrogen and phosphorous
disappearance of different feeds for rumi-
nants. Asian-AustJ. Anim. Sci. 15:793-799.

Kamalak, A., Canbolat, O., Gurbuz, Y., Ozkan, C.
0., and Kizilsimsek , M. (2005). Determina-
tion of nutritive value of wild mustard,
sinapsis arvensis harvested at different
maturity stages using in situ and in vitro
measurements. Asian-Aust. J. Anim. Sci.,
18:1,249-1,254.

Licitra, G., Van Soest, P.J., Schadt, I, Carpino, S.,
and Sniffen, C.J. (1999). Influence of the
concentration of the protease from
Streptomysis griseus relative to ruminal
protein degradability. Anim. Feed Sci.
Technol., 77:99-113.

McNiven, M.A., Prestlokken, E., Mydland, L.T.,
and Mitchell, A.W. (2002). Laboratory

procedure to determine protein digesti-
bility of heat-treated feedstuffs for dairy
cattle. Anim. Feed Sci. Technol., 96:1-13.

Oboh, G. and Akindahunsi, A.A. (2003). Biochemi-
cal changes in cassava products (flour &
gari) subjected to Saccharomyces
cerevisae solid media fermentation. Food
Chem., 82:599-602.

@rskov, E.R. and McDonald, 1. (1979). The
estimation of protein degradability in the
rumen from incubation measurements
weighted according to rate of passage.
J. Agric. Sci., 92:499-503.

Putipipatkajon, A. and Srinophakun, P. (1999).
The possibility of using fermented cassava
waste in animal feed. Eng. J. KU. 37:41-46.

Rao,Z.P. and Prasad, D.A. (1989). A comparative
study of three different models that
estimate protein degradability of feedstuffs
by nylon-bag technique. Indian J. Anim.
Sci., 59:1,144-1,149.

Roe, M.B., Chase, L.E., and Sniffen, C.J. (1991).
Comparison of in vitro technique to the
in situ technique for estimation of ruminal
degradation of protein. J. Dairy Sci.,
74:1,632-1,640.

SAS. (1998). User’s guide: Statistic, version 5.
Edition SAS. Inst. Cary, NC.

Saricicek, B.Z., and Kilic, U. (2004). An investi-
gation on determining the nutritive value
of oak nuts. Czech J. Anim. Sci., 49:211-
219.

Srinorakutara, T., Kaewvimol, L., and Saengow,
L. (2006). Approach of cassava waste
pretreatments for fuel ethanol production
in Thailand. J. Sci. Res. Chula. Univ., 31:77-
&4.

Stern, M.D., Bach, A., and Calsamiglia S. (1997).
Alternative techniques for measuring
nutrient digestion in ruminants. J. Anim.
Sci., 75:2,256-2,276.

Subuh, A.M.H., Rowan, T.G., and Lawrence, T.L.J.
(1996). Effect of heat or formaldehyde
treatment on the rumen degradability of
protein in soy-bean meal and in rapeseed
meals of different glucosinolate content.
Anim. Feed Sci. Technol., 57:139-152.

Srinorakutara, T., Kaewvimol, L., and Saengow,



296 Intestinal Digestibility of the Residual Components of Cassava Pulp Solid State Fermentation

L. (2006). Approach of cassava waste with bromelain. Anim. Feed Sci. Technol.,

pretreatments for fuel ethanol production 53:71-80.

in Thailand. J. Sci. Res. Chula., 31:77-84.  Ubalua, A.O. (2007). Cassava wastes: Treatment
Tomankova, O., and Kopecny, J. (1995). Predic- options and value addition alternatives.

tion of feed protein degradation in rumen Afr. J. Biotechnol., 6:2,065-2,073.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 (Color Management Off)
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


