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Anticariogenicity of Casein 
Phosphopeptide-amorphous Calcium 

Phosphate: A Review of the Literature

Aim: This review of the literature examines the role of the natural components of saliva in maintaining tooth
mineralization and the role of different casein phosphopeptide amorphous calcium phosphate-based (CPP-ACP) 
compounds in controlling demineralization/ remineralization and their clinical applications.

Background:  A group of peptides, known as CPP, have been shown to stabilize calcium and phosphate
preserving them in an amorphous or soluble form known as amorphous calcium phosphate (ACP). Calcium
and phosphate are essential components of enamel and dentine and form highly insoluble complexes, but in 
the presence of CPP they remain soluble and biologically available. This CPP-ACP complex applied to teeth by 
means of chewing-gum, toothpaste, lozenges, mouth rinses, or sprays is able to adhere to the dental biofilm and
enamel hydroxyapatite providing bioavailable calcium and phosphate ions.

Review Results:  Significantly high levels of calcium and phosphate have been found in both biofilm and 
subsurface incipient caries lesions and in lower level demineralization of enamel or dentine surfaces previously 
treated with CPP-ACP based compounds. When placed on the surface of a tooth with early carious lesions,
pastes with CPP-ACP complexes can prevent tooth demineralization and improve enamel remineralization and 
enhance fluoride activity.
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Introduction
Better understanding of the etiology and 
pathogenicity of caries and the decline of the
disease in recent years, especially in children
and adolescents, have led to the use of more
medical management and conservative measures
in accordance with minimally invasive intervention
criteria.1 However, several risk factors for dental
caries are still present and include:

• The frequent consumption of medicines 
effecting salivary flow, especially in older 
people, pose an added risk factor for the 
appearance of caries, especially root caries.2

• The public’s dietary habits which include 
high consumption of soft drinks, especially
among young people, has increased the
risk of erosive lesions of teeth produced by 
chemical processes which reduce enamel 
hardness and can even lead to its complete
disappearance.3

• Dietary disorders are also a high risk factor in
dental erosion.4

Prevention of dental caries by milk-derived
bioactive peptides is a complex physical and 
chemical sequence of cascading events. In 
general, bioactive peptides with anticariogenic
activity have multiple functions to prevent dental
lesions including bacterial inhibition, competitive
exclusion to enamel binding sites, improved 
buffering capacity in the pellicle surrounding 
teeth, reduced enamel demineralization, 
and improved enamel remineralization.
Anticariogenicity studies with dairy bioactive
peptides have been accomplished with a number 
of in vitro, in situ, and in vivo model systems.o 5

Through multiple phosphorylated residue,

CPP can free their own weight in calcium and
phosphate to form colloidal complexes which 
prevent calcium phosphate crystals from growing 
to the size required for precipitation.6

In this present work we review the role of the 
natural components in saliva in maintaining tooth
mineralization and the role of different CPP-ACP 
based compounds in controlling demineralization/
remineralization and the clinical applications.

Background
A literature review of casein phosphopeptide 
amorphous calcium phosphate (CPP-ACP) was
conducted. Papers were included for review from
Medline since 1995 using the following descriptors:

• Remineralization and CPP-ACP
• Demineralization and CPP-ACP
• Dental plaque and CPP-ACP
• Caries and CPP-ACP

Conclusion:  Remineralization of white spot lesions has been achieved clinically by applying pastes based on 
these compounds, and a similar effect to self-applied fluorides has been observed in reducing the appearance 
of new caries lesions in patients with xerostomia.

Clinical Significance:  Use of CPP-ACP based compounds offers a potential for use in the prevention of
dental caries.

Keywords:  Casein phosphopeptide, CPP, amorphous calcium phosphate, ACP, demineralization, 
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to calcium, enamel, and other apatite surfaces.
Its functions include the capacity to inhibit the 
precipitation and growth of calcium phosphate 
crystals. Many statherin properties are shared by
CPP.8 Proline-rich proteins function in a similar
manner to statherin and adhere to the surface 
of calcium phosphate crystals preventing their
growth. Together with citrate, these proteins 
adhere to a significant amount of the total calcium 
in saliva and help to maintain correct proportions
of ionic calcium and phosphate. These proline-
rich proteins are key components of biofilms and 
adhere strongly through their amino-terminal 
portion to the enamel. The carboxy-terminal
portion is the adhesion site for some bacteria in
the early stages of plaque formation and is also 
the adhesion site for dietary tannins.9

Other salivary factors involved in remineralization
are the salivary flow itself, which accelerates 
sugar clearance, buffer capacity, and saturation
level of mineral elements in the tooth, especially
calcium, phosphate, and fluoride.7

Role of Phosphopeptides in the Saliva and 
Dental Biofilm
Bovine milk is used to manufacture 
phosphopeptide based dental products for use in 
humans. There are three types of phosphopeptide 
based products: CPP, CPP-ACP, which contain 
18% calcium ion and 30% phosphate ion in
weight, and casein phosphopeptides with
amorphous calcium fluoride phosphate (CPP-
ACFP).5 The latter provides all the elements
necessary for dental remineralization (calcium, 
phosphate, fluoride, and water) on the tooth
surface and in the dental biofilm. Plaque enzymes 
such as phosphatases and peptidases partially
degrade CPP-based products, consequently 
increasing pH due to the production of ammonia. 
Adding fluoride to CPP limits phosphatase action 
by extending the action of molecular complexes.8

CPP-based products and particularly CPP-ACFP 
are the basis for the anticariogenicity of milk
derivates. The anticaries action of CPP derivates
has a topical effect based on the following: 
modulation of bioavailable calcium phosphate 
levels because they maintain ionic phosphate 
and calcium supersaturation; buffer effects on 
plaque; increased remineralization and reduction 

Out of a total of 50 publications identified, 31 
were selected for this review because they were 
in vitro and o in vivo studies on the role of CPP-o
ACP and subsequent revisions.

Review Results

Salivary Components in the Remineralization 
Process
Saliva contains a series of substances which
are involved in the remineralization process: 
inorganic compounds, mainly calcium, phosphate, 
and fluoride, and organic elements which help to 
maintain calcium and phosphate supersaturation.

Ionic calcium is particularly important as it helps
to maintain a balance between the calcium 
in the calcium phosphate in the tooth and the
surrounding fluids. Ionic calcium concentration in
saliva rises as salivary pH falls. Non ionic calcium
is found attached to phosphate, bicarbonate,
and other organic molecules. Ionic phosphate 
concentration is also determined by pH, between
10 and 25% of this compound is found in ionic
form, and the rest is attached to calcium or
proteins. The fluoride concentration in saliva
is largely determined by external contribution 
through topical or systemic products. After topical 
fluoride application, fluoride rapidly spreads via 
saliva to the dental biofilm and concentrations
increase over a short period of time forming 
calcium fluoride complexes and a smaller 
proportion of magnesium fluoride.7

Statherin is a phosphoprotein with a strong affinity



4
The Journal of Contemporary Dental Practice, Volume 10, No. 3, May 1, 2009

or interfere with biofilm adherence. GMP have 
been patented as antimicrobian for addition to 
toothpaste, mouth rinses, chewing-gums, and 
gels. Their effect can be strengthened when
combined with fluoride or xilitol.11

CPP-ACP Action Against Dental Erosion
In vitro studies have shown lower enamel erosiono
due to citric acid when enamel is previously
treated with a CPP-ACP paste (GC Tooth 
Mousse®, GC Corporation Itabashi-ku, Japan).15

Likewise, enamel treated with cola derivatives 
which reduce its hardness and then subjected
to the action of a CPP-ACP paste showed a 
significant increase in hardness independently of 
the presence of fluoride.16 Adding CPP-ACP to 
energy drinks reduces their erosive capacity with
no change in flavour when added in a proportion 
of over 0.09%.17 The addition of CPP-ACP to
citric acid and sugar free chewing-gums has
shown greater remineralizing action than sugar-
free chewing gums without citric acid or CPP-
ACP. Remineralization after an acid attack was 
significantly greater when chewing-gums with
CPP-ACP18 were administered.

Introducing CPP-ACP nanocomplexes to soft
drinks and other frequently consumed acid 
products, especially for the adolescent and young
adult population, could help to reduce the erosive 
action of these products.

CPP-ACP Action to Prevent Demineralization 
and Improve Remineralization
Fewer morphological surface changes were 
observed with SEM after adding enamel and
dentine to a CPP-ACP solution followed by
immersion in a 0.1 M lactic acid solution, in

of the hydroxyapatite solution; and difficulty 
for Streptococcus mutans and s Streptococcus 
sobrinus to adhere and grow.s 10,11

CPP can adhere to 25 calcium ions, 15 
phosphate ions, and 5 fluoride ions per molecule
and can stabilize calcium phosphate in solution.
ACP are formed when pH is neutral or alkaline. 
CPP, through its phosphorilated residue, can
free its own weight in calcium and phosphate to 
form colloidal complexes. When CPP adheres to 
these ACP aggregates, their growth is controlled
preventing them from reaching the critical size for 
precipitation.12

CPP-ACP complexes have shown an anti-caries 
effect in both experimental animals and human 
incipient caries models.13 These complexes are
found in ACP in the dental biofilm and increase
calcium phosphate levels which serve as a
reservoir for free calcium and phosphate ions.
The final effect is saliva and plaque are kept 
in calcium and phosphate supersaturation with
respect to the enamel which allows a reduction 
in demineralization and favors remineralization.14

CPP-ACP complexes can be applied clinically to
prevent caries and enamel erosion.

CPP and glycomacropeptides (GMP), which 
are also milk derivates and particularly present
in cheese, reduce S. mutans ands S. sobrinus
adherence to dental biofilm; this selective
inhibition can give rise to a less pathogenic 
plaque formation. Other proteins derived from 
milk such as lactoperoxydase, lysozyme, and 
lactoferrine also limit metabolism of S. mutans
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useful for treating white spot enamel lesions.27

The presence of CPP-ACP compounds was 
detected using ELISA techniques in supragingival
plaque, adhering to bacteria walls and the
intercelullar substance when it was supplied in the
form of mouth rinses or chewing-gum, providing
higher concentrations of calcium and phosphate 
ions on the plaque surface than other calcium-
based products supplied by the same channels.28

Similar results were obtained using experimental 
models on Stretococcus plaques.s 29

CPP-ACP Action in Patients with Xerostomia
In vivo studies in patients with xerostomia treated o
with CPP-ACP-based mouth rinses show a lower
rate of new caries lesions than for patients treated 
with 0.05% fluoride mouth rinses, although there 
are no significant differences between the groups
after monitoring for 12 months.30

Discussion
The addition of CPP-ACP to chewing gums, 
lozenges, mouth rinses, toothpaste, and even 
some foods is a promising tool for preventing 
dental caries and early treatment of incipient 
lesions, especially in children, young people, and 
patients with xerostomia. Numerous experimental 
studies support the beneficial effect of CPP-ACP 
in controlling the demineralization/remineralization 
of both enamel and dentine.

They have a multiple action mechanism on the 
one hand providing an oversaturation of calcium
and phosphate ions in the dental biofilm and
saliva, and on the other hand inhibiting adhesion
of cariogenic bacteria to the hyroxiapatite making 
it possible to modulate the activity of plaque

comparison to specimens not treated with CPP-
ACP, which is evidence of lower demineralization 
in the former.19 In addition, specimens which 
were treated with Tooth Mousse GC® after 
demineralization showed higher remineralization 
than the untreated specimens.20 In vitro use ofo
Tooth Mousse GC® reduced demineralization
around orthodontic brackets, especially when the
brackets were cemented with resin-reinforced
glass-ionomer cement.21

Experimental studies have shown adding CPP-
ACP to chewing gums containing xilitol or sorbitol
as sweetners significantly increases subsurface
remineralization of experimental caries lesions 
with a dose-related response.22

The addition of CPP-ACP (Recaldent™, 
Recaldent Pty Limited, Victoria, Australia) to
chewing gums has demonstrated its capacity
to promote subsurface remineralization 
of experimental caries lesions and that
remineralization is dose-dependent.23

Microradiographs and densitometry have
shown the use of lozenges with different CPP-
ACP concentrations increases remineralization 
in subsurface caries lesions, and this
remineralization is dose-dependent. Therefore,
lozenges containing CPP-ACP may also be 
considered a suitable vehicle for remineralizing 
incipient caries lesions.24

Two percent CPP-ACP solutions have also shown 
their effectiveness in reducing subsurface caries 
lesions, obtaining higher remineralization with 
longer application times.24 Studies on patients 
with demineralization white spots after removing 
orthodontic brackets showed daily application of 
a CPP-ACP cream for three months, followed 
by brushing with a fluoride toothpaste for three 
months achieved complete removal of the spots
after monitoring for 12 months. CPP-ACP have
also been successfully used to prevent the
appearance of these demineralization white spots
after attaching orthodontic brackets.25

Clinical cases of root caries lesions have 
been described which have been stabilized by
fluorescence laser using a CPP-ACP paste (Tooth 
Mousse GC®).26 Enamel microabrasion together
with prolonged use of a CPP-ACP-based paste is 
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results which need to be confirmed with clinical 
and epidemiological studies, especially for 
application in patients with high caries risk, due
to hyposalivation, irradiation, dental sensitivity,
eating disorders (anorexia and bulimia), etc., 
where the demineralization/remineralization 
balance is always unfavourably inclined towards 
demineralization.

Conclusion
Remineralization of white spot lesions has been 
achieved clinically by applying pastes based on
CPP-ACP compounds and a similar effect to self-
applied fluorides has been observed in reducing
the appearance of new caries lesions in patients 
with xerostomia.

Clinical Significance
Use of CPP-ACP based compounds offers a
potential for use in the prevention of dental caries.

References

bacteria and favour colonization by less cariogenic
bacteria. This can help to reduce acid formation in
the biofilm and reduce enamel demineralization.5

Prolonging contact time with tooth surfaces 
by including these bionanocomplexes in
chewing gums and toothpastes has proven
effective in experimental studies on the
remineralization of subsurface lesions and 
reduction of demineralization where portions of 
enamel previously in contact with CPP-ACP-
based substances were subjected to artificial 
demineralization.24

Furthermore, the combination of CPP-ACP 
nanocomplexes and fluoride in toothpaste
provide a greater concentration of fluoride ions
in the dental biolfilm and a greater increase in 
remineralization than if only fluoride toothpaste
is applied.31

These experimental findings offer promising 



7
The Journal of Contemporary Dental Practice, Volume 10, No. 3, May 1, 2009

1. Anusavice KJ. Present and future approaches for the control of caries. J Dent Educ. 2005 May;
69(5):538-54.

2. Vitorino R, Calheiros-Lobo MJ, Duarte JA, Domingues P, Amado F. Salivary clinical data and dental
caries susceptibility: is there a relationship? Bull Group Int Rech Sci Stomatol Odontol. 2006 Mar;
47(1):27-33.

3. Owens BM, Kitchens M. The erosive potential of soft drinks on enamel surface substrate: an in vitro
scanning electron microscopy investigation. J Contemp Dent Pract. 2007 Nov; 18(7):11-20.

4. Marshall TA, Eichenberger-Gilmore JM, Broffitt BA, Warren JJ, Levy SM. Dental caries and 
childhood obesity: roles of diet and socioeconomic status. Community Dent Oral Epidemiol. 
2007 Dec; 35(6):449-58.

5. Aimutis WR. Bioactive properties of milk proteins focus on anticariogenesis. J Nutr. 2004 Apr; 
134(4):989S-95S.

6. Reynolds EC. The prevention of sub-surface demineralization of bovine enamel and change in
plaque composition by casein in an intra-oral model. J Dent Res. 1987 Jun; 66(6):1120-7.

7. Llena-Puy C.The rôle of saliva in maintaining oral health and as an aid to diagnosis. Med Oral Patol 
Oral Cir Bucal. 2006 Aug; 11(5):E449-55.

8. Vitorino R, Lobo MJ, Duarte JR, Ferrer-Correia AJ, Domingues PM, Amado FM. The role of salivary 
peptides in dental caries. Biomed Chromatogr. 2005 Apr; 19(3):214-22.

9. Drobni M, Li T, Krüger C, Loimaranta V, Kilian M, Hammarström L, Jörnvall H, Bergman T, 
Strömberg N. Host-derived pentapeptide affecting adhesion, proliferation, and local pH in biofilm
communities composed of Streptococcus and s Actinomyces species. Infect Immun. 2006 Nov;s
74(11):6293-9.

10. Cross KJ, Huq NL, Reynolds EC. Casein phosphopeptides in oral health-chemistry and clinical
applications. Curr Pharm Des. 2007; 13(8):793-800.

11. Schüpbach P, Neeser JR, Golliard M, Rouvet M, Guggenheim B. Incorporation of 
caseinoglycomacropeptide and caseinophosphopeptide into the salivary pellicle inhibits adherence 
of mutans streptococci. J Dent Res. 1996 Oct; 75(10):1779-88.

12. Cross KJ, Huq NL, Palamara JE, Perich JW, Reynolds EC. Physicochemical characterization of
casein phosphopeptide-amorphous calcium phosphate nanocomplexes. J Biol Chem. 2005 Apr
15;280(15):15362-9.

13. Reynolds EC. Anticariogenic complexs of amorphous calcium phosphate stabilized by casein 
phosphopeptides: a review. Spec Care Dentis. 1998 Jan-Feb; 18(1):8-16.

14. Reynolds EC. Remineralization of enamel subsurface lesions by casein phosphopeptide-stabilized
calcium phosphate solutions. J Dent Res. 1997 Sep; 76(9):1587-95.

15. Rees J, Loyn T, Chadwick B. Pronamel and tooth mousse: an initial assessment of erosion 
prevention in vitro. J Dent. 2007 Apr; 35(4):355-7.

16. Tantbirojn D, Huang A, Ericson MD,. Change in surface hardness of enamel by a cola drink and a 
CPP-ACP paste. J Dent. 2008 Jan; 36(1):74-9.

17. Ramalingam L, Messer LB, Reynolds EC. Adding casein phosphopeptide-amorphous calcium
phosphate to sports drinks to eliminate in vitro erosion. Pediatr Dent. 2005 Jan-Feb; 27(1):61-7.

18. Brostek AM, Bochenek AJ, Walsh LJ. Minimally invasive dentistry: a review and update. Shanghai
Kou Qiang Yi Xue. 2006 Jun; 15(3):225-49.

19. Oshiro M, Yamaguchi K, Takamizawa T, Inage H, Watanabe T, Irokawa A, Ando S, Miyazaki M.
Effect of CPP-ACP paste on tooth mineralization: an FE-SEM study. J Oral Sci. 2007 Jun; 49(2):115-
20.

20. Rahiotis C, Vougiouklakis G. Effect of a CPP-ACP agent on the demineralization and 
remineralization of dentine in vitro. J Dent. 2007 Aug; 35(8):695-8.

21. Sudjalim TR, Woods MG, Manton DJ, Reynolds EC. Prevention of demineralization around 
orthodontic brackets in vitro. Am J Orthod Dentofacial Orthop. 2007 Jun; 131(6):705.e1-9.

22. Shen P, Cai F, Nowicki A, Vincent J, Reynolds EC. Remineralization of enamel subsurface lesions



8
The Journal of Contemporary Dental Practice, Volume 10, No. 3, May 1, 2009

by sugar-free chewing gum containing casein phosphopeptide-amorphous calcium phosphate.
J Dent Res. 2001 Dec; 80(12):2066-70.

23. Itthagarun A, King NM, Yiu C, Dawes C. The effect of chewing gums containing calcium phosphates 
on the remineralization of artificial caries-like lesions in situ. Caries Res. 2005 May-Jun; 39(3):251-4.

24. Cai F, Shen P, Morgan MV, Reynolds EC. Remineralization of enamel subsurface lesions in situ by 
sugar-free lozenges containing casein phosphopeptide-amorphous calcium phosphate. Aust Dent J.
2003 Dec; 48(4):240-3.

25. Andersson A, Sköld-Larsson K, Hallgren A, Petersson LG, Twetman S. Effect of a dental cream
containing amorphous cream phosphate complexes on white spot lesion regression assessed by
laser fluorescence. Oral Health Prev Dent. 2007 5;(3):229-33.

26. Vlacic J, Meyers IA, Walsh LJ. Combined CPP-ACP and photoactivated disinfection (PAD) therapy 
in arresting root surface caries: a case report. Br Dent J. 2007 Oct 27;203(8):457-9.

27. Ardu S, Castioni NV, Benbachir N, Krejci I. Minimally invasive treatment of white spot enamel
lesions. Quintessence Int. 2007 Sep; 38(8):633-6.

28. Reynolds EC, Cai F, Shen P, Walker GD. Retention in plaque and remineralization of enamel lesions
by various forms of calcium in a mouthrinse or sugar-free chewing gum. J Dent Res. 2003 Mar; 
82(3):206-11.

29. Rose RK. Effects of an anticariogenic casein phosphopeptide on calcium diffusion in streptococcal
model dental plaques. Arch Oral Biol. 2000 Jul; 45(7):569-75.

30. Hay KD, Thomson WM. A clinical trial of the anticaries efficacy of casein derivatives complexed with 
calcium phosphate in patients with salivary gland dysfunction. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2002 Mar; 93(3):271-5.

31. Reynolds EC, Cai F, Cochrane NJ, Shen P, Walker GD, Morgan MV, Reynolds C. Fluoride and
casein phosphopeptide-amorphous calcium phosphate. J Dent Res. 2008 Apr; 87(4):344-8.

About the Authors

Carmen Llena, MD, DDS, PhD
Dr. Llena is a dentist at the Primary Care in Dental Public Health Service and an Associate Professor at

the Valencia University in Valencia, Spain. Her research interests include oral health
in primary care. She is a member of the Spanish Society of Epidemiology and Dental 
Public Health.

e-mail:  llena@uv.es

Leopoldo Forner, MD, DDS, PhD
Dr. Forner is a Professor in the Department of Stomatology as well as the Coordinator of the Dental

Pathology and Therapeutics Unit at the University of Valencia in Valencia, Spain. He 
also serves as the Director of the postgraduate program in Endodontics. His research
interests include microscopical endodontic studies, cariology, and dental bleaching. 
Dr. Forner is the President of the Spanish Section of the Pierre Fauchard Academy.

e-mail:  llena@uv.es

Pilar Baca, MD, DDS, PhD
Dr. Baca is a Professor in Preventive and Community Dentistry in the Faculty of Dentistry at the 



9
The Journal of Contemporary Dental Practice, Volume 10, No. 3, May 1, 2009

University of Granada in Granada, Spain. Her research interests include microbiology in dental caries
and effectiveness of preventive measures in dental caries. She is a member of the 
Spanish Society of Epidemiology and Dental Public Health.

e-mail:  pbaca@ugr.es



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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 <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


