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Abstract

Choline is a vitamin-like substance it has multi-function in animal production, reproduction, and health. The transition
period is most crucial stage in lactation cycle of dairy cows due to its association with negative hormonal and energy
balances. Unfortunately, unprotected choline easily degrades in the rumen; therefore, choline added to the diet in a rumen-
protected form. The use of rumen-protected choline (RPC) is a preventive measurement for the fatty liver syndrome and
ketosis; may improve milk production as well as milk composition and reproduction parameters. This review summarizes

the effectiveness of RPC on animal production, health, and reproduction.
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Introduction

Choline [(CH,)3N+CH,CH,OH], also called as
trimethyl ethanolamine, is a multi-function B-complex
vitamin. It is synthesized endogenously, and it is dif-
ficult to identify a syndrome in ruminants because of
its interrelationship with methionine, vitamin B12,
and folic acid. Rumen-protected choline (RPC) acts
on several mechanisms; first, it may serve to spare
methyl groups. Second, it may serve as the remethyl-
ization of homocysteine via its metabolite betaine.
Third, it may be spare animal metabolism. It is found
in free form in biological tissues and component of
lecithin, acetylcholine, plasmalogens, and sphingomy-
elins. During the transition period, cows may undergo
a severe negative energy balance (NEBAL). NEBAL
causes several metabolic disorders or disease in dairy
cows. Immediate onset of lactation and increased milk
production, animal require excess amount of energy.
Recent research indicates feed additives, such as RPC,
were observed decreases the health disturbances and
increases the milk yield. Supplemental choline chlo-
ride extensively degraded (>80%) by rumen micro-
bial population [1] and not much choline is available
for absorption. Therefore, choline must be given in
the rumen-protected form [2]. RPC usually supplied
as choline chloride covered by a protective layer of
the fatty acid matrix; rumen microbes cannot digest
fatty acid layer of protected choline. However, the
digestive enzyme breaks down the fatty acid in small
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intestine and choline is free for absorption. Choline
has been observed to increase milk production [3-5].
Moreover, choline supplementation may improve the
transport of lipids in the blood to reduce the risk of
fatty liver and ketosis [6,7] and decreases the accumu-
lation of non-esterified fatty acid (NEFA) concentra-
tion and increased glycogen content of liver [8]. RPC
has a positive effect on decreasing hepatic triacyl-
glycerides, and it may involve in increased fatty acid
oxidation [6]. Supplementation of RPC to transition
dairy cows can alleviate the health disorders, repro-
ductive problems, the incidence of metabolic disor-
ders [5]; an occurrence of ketosis and mastitis [9].

NEFA as an Indicator of NEBAL

During calving, increased NEFA and beta
hydroxyl butyric acid (BHBA) concentration in the
blood indicate NEBAL and it leads to reduced milk
yield, increased postpartum diseases, and decreased
reproductive performance. The presence of NEFA in
blood is a direct indicator for NEBAL. In high yield-
ing dairy cows during the transition period, a rapid
mobilization of fatty acids from the adipose tissue,
resulting in high circulating concentrations of NEFA
in the blood stream. Excessive mobilization of fatty
acids from adipose tissue indicates that more energy
is required than the dietary supplement. In ruminants
limited capacities of hepatic fatty acid oxidation and
export of very-low density lipoprotein (VLDL) [10].
Therefore, increase uptake of NEFA by the liver can
result in the development of fatty liver (hepatic lipido-
sis caused by increased accumulation of triacylglyc-
erol within liver parenchyma). Triglyceride fatty acids
in chylomicrons and lipoprotein called as NEFA. In
addition, excessive accumulation of triglyceride in
the liver leads to alleviating the capacity of detoxify-
ing ammonia to urea [11] which, in turn, may disturb
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gluconeogenic capacity from propionate, the predom-
inant glucogenic precursor.

Rumen Degradation of Dietary Choline

Study of unprotected choline in rumen not effec-
tive measure by digestibility studies because due to
complete or partially degradation by rumen microbes
before it even reaches the intestine [3] and difficult
to estimate of endogenous choline synthesis in rumi-
nants [12]. Synthetic choline chloride was more
degradable than naturally occurring choline in the
feed [2]. Sharma and Erdman [13] reported that the
percentage of dietary choline and synthetic choline
degradation in the rumen varies according to the type
of feed (Table-1). Hence, supplementation of unpro-
tected choline (conveniently as it is salt and choline
chloride) ineffective way to increase the choline sup-
ply. Therefore, the rumen-protected form of choline
has been developed to deliver choline with less deg-
radation (Figure-1) to the small intestine for absorp-
tion [14]. Choline requirement is still unknown for
dairy cows [12]. Rumen protected a form of choline
increases the supply of choline to the small intestine
with increasing milk yield and milk components or alle-
viating development of fatty liver syndrome [4,8,15].
To avoid ruminal degradation, researchers approached
two types of experimental methods for delivering
choline directly to the small intestine without rumi-
nal degradation, viz., post-ruminal infusion, choline
infused directly through the abomasum; this method
was developed before the introduction of rumen pro-
tected technology [1,13] and supplementation of cho-
line in the form of rumen protected, many studies have
been conducted on efficacy of rumen protected tech-
nology (Table-2).

Impact of dry matter intake (DMI)

RPC supplements could not increase cow’s
appetite [16]. Many researchers found that RPC did
not affect DMI in early lactating dairy cows [16-19].

Impact of choline on digestibility

Choline supplements increase to produce vol-
atile fatty acid (VFA) acetate and rumen pH tends
to increase digestibility coefficient of nutrients in
rumen. Mohsen et al. [9] studied on the digestibil-
ity coefficient in Friesian cows supplemented with
RPC, which increases DM, organic matter, crude
protein, crude fiber, ether extract, and nitrogen free
extract significantly. This might be because of RPC
enhances the protozoal population in the rumen. In
numerous studies, researchers found supplementa-
tion of RPC increases the DMI in dairy cows [20].
Contrary to the above findings, some researchers
also found that the supplementation of RPC did not
change the DMI [6,21]. Supplementation of RPC
did not affect DMI before calving, but when supple-
mented after calving, it tended to increase DMI. It
is unknown, the mechanism by which choline might
influence DMI [22].

Table-1: Rumen degradability of dietary feed choline and
synthetic choline [2].

Feeds Rumen degradability (%)
Barley 79.4
Cottonseed meal 84.7
Fish meal 82.9
Soybean meal 83.8
Choline stearate 98.0
Choline chloride 98.6
40

29.43 30.83

w
>

24.84

. 26.91
i I I I
0 j T T T T
0 3 6 12 24

Incubation time (Hours)

et
=

Degradability (%)
[
(=]

Figure-1: Percent degradability of
choline by insacco method [14].

rumen-protected

Impact of choline on hematological parameter

RPC supplemented cows had significantly
increased serum cholesterol [20] but reduced plasma
cholesterol, triglycerides concentration [9], and glu-
cose [8,23]. RPC had no significant effect on the
levels of plasma concentration of NEFA, BHBA,
and glucose. This might be because of no alteration
in the adipose mobilization or BHBA production in
the liver by choline supplementation [8,17,19,23].
Supplementation of RPC had no significant effect on
the plasma glucose, total protein, albumin, globulin,
and urea-N in different experimental groups [17,24].

Impact of choline on milk yield

In an animal production system, the quantity and
quality of milk production are the most important traits.
Supplementation of RPC increases the milk produc-
tion for the following reasons, viz., higher digestibil-
ity and increased total VFA concentration, decreased
NH,-N, and prevention of metabolic disorders such
as ketosis and fatty liver syndrome [9]. Increasing the
intestinal supply of choline has improved milk pro-
duction in lactating dairy cows approximately 7%
over controls [25]. In numerous studies, researchers
have been observed a tendency for higher milk yield
(Table-3) with the supplementation of RPC [9,26] and
fat corrected milk (FCM) [20,22]. In contrast, some
researchers could not observe any positive effect on
milk production and FCM by supplementation of
RPC [24,27,28]. However, supplementation of RPC
had no effect on milk yield for the following rea-
sons, viz., the difference in study design such as body
condition score [19], parity [18], other supplement
diets [5], method of application [29], breed [17], and
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the quantity of supplement, length of the treatment
period, and stage of lactation.

Impact of choline on milk composition

Choline is essential lipotropic agent prevents
and corrects excess fat deposition in the liver.
Increase effect on milk protein by supplementa-
tion of choline due to elevated casein contents.
Choline used facilitates phospholipid synthesis
may lipid absorption and transport to the mam-
mary gland, thereby favoring milk fat synthesis.
Supplementation of RPC significantly increases the
milk fat yield, milk protein, lactose, solids not fat
(SNF), and total solids [8,9,21,24,27,30]. However,
some researchers could not observe any significant
effect on milk fat yield, milk protein, lactose, SNF,
total solids, and milk urea nitrogen concentrations
in RPC-supplemented cows compared with con-
trol [8,14,17,24,30,31]. On the other hand, supple-
mentation RPC has not been positively associated
with milk concentrations of lactose and other milk
components [4,17,15].

Impact of choline on health and body weight

In early lactation on dairy animals, the majority
of fatty acids secreted by mammary gland and it can
increase high animal weight decline, increase the inci-
dence of fatty liver, and increase the chance of subclin-
ical and clinical ketosis [6,4]. RPC supplements had
weight gain in heifers [32], whereas RPC supplements

Table-2: Description of RPC used in the different studies.

Study Choline chloride Rumen References
% (wt/wt) stability %
1 25 852 [36]
2 25 20.4° [37]
3 - >85¢ [3]
4 45 - [7]1
5 50 50¢ [38]
6 27.11 72.89 [14]
7 18.8 - [27]

aIn vitro analysis, PAfter 8 h in situ incubation in rumen
cannulated adult ewes, “After 48 h in situ incubation

in rumen cannulated adult ewes, 9In vitro analysis.
RPC: Rumen protected choline

found no effect on body weight [16,30]. During the
transition period, accumulation fat in the liver and
leads to fatty liver syndrome. Supplementation of
RPC has been found to alleviate the range of hepatic
fatty infiltration and increase VLDL transport from
liver and prevents accumulation of fat in liver to avoid
fatty liver syndrome [30]. RPC supplementation did
not show any positive effect in reduction of fever,
metritis, and displaced abomasum [33]. However,
effectively reduces the incidence of clinical keto-
sis [34], mastitis, retained fetal membranes, and less
morbidity [35]. RPC supplementation could not found
any significant differences in body weightamong cho-
line supplemented groups [8,20,27,30,33,35].

Impact on reproductive performances

During the transition period, excess mobiliza-
tion of adipose tissue to milk fat synthesis results
in increased incidence of reproductive problems.
Follicular development is less in during the period
of NEBAL meanwhile follicles developed may be
less chance of fertile. RPC did not influence the
insemination and pregnancy loss [33]. Ardalan
et al. [5] noticed a significant effect on service per
conception and open days of dairy cows among the
treatment groups (p<0.05), but there was no signifi-
cant effect on days to first estrus and pregnant cows.
Guretzky et al. [17] reported that supplemental RPC
group had more twinning (p=0.07) compared to con-
trol group.

Conclusion

During the transition period, RPC supplemented
cows change plasma NEFA concentration, increase
hepatic fat export, and this may effect decrease the
risk for metabolic disorders and increase milk and
milk composition.
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Table-3: Summary of studies on the impact of supplementation of RPC on milk production and composition on the

lactating dairy cow.

Lactation stage

RPC

DMI

Milk yield Fat yield Protein yield References

(g/day) (kg/day) (kg/day) (g/day) (g/day)

21 days prepartum to 63 days postpartum 0 12.6-17.8 40.0 1593 1174 [8]
45 11.9-18.7 43.3 1836 1314
60 12.8-18.3 39.9 1596 1206
75 12.5-18.8 41.0 1763 1262

14 days prepartum to 30 days postpartum 0 11.3-19.4 28.5 880 868 [4]
20 11.4-19.9 31.4 1056 966

21 days prepartum to 21 days postpartum 0 12.0-14.8 29.6 1380 1050 [14]
15 12.1-15.7 31.6 1460 1090

21-90 days postpartum 0 27.9 27.9 840 730 [18]
40 20.2 27.5 790 740

4 weeks prepartum to 20 weeks postpartum 0 No 30.71 1071 1009 [5]
60 reported 34.23 958 902

RPC: Rumen protected choline, DMI: Dry matter intake

Veterinary World, EISSN: 2231-0916 839



Available at www.veterinaryworld.org/Vol.9/August-2016/7.pdf

Acknowledgments

The first author is thankful to Dr. K. Shyama

and Dr. Dinesh Kumar for providing needful facili-
ties. The authors declare that they have no competing
interests.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Sharma, B.K. and Erdman, R.A. (1989) In vitro degrada-
tion of choline from selected feedstuffs and choline supple-
ments. J. Dairy Sci., 72: 2772-2776.

Atkins, K.B., Erdman, R.A. and Vandersall, J.H. (1988)
Dietary choline effects on milk yield and duodenal choline
flow in dairy cattle. J. Dairy Sci., 71: 109-116.

Erdman, R.A. and Sharma, B.K. (1991) Effect of dietary
rumen - Protected choline in lactating dairy cows. J. Dairy
Sci., 74: 1641-1647.

Pinotti, L., Baldi, A., Politis, 1., Rebucci, R., Sangalli, L.
and Dell'Orto, V. (2003) Rumen-protected choline admin-
istration to transition cows: Effects on milk production and
vitamin E status. J. Vet. Med. 4., 50: 18-21.

Ardalan, M., Rezayazdi, K. and Banadaky, M.D. (2010)
Investigation on the effect of supplementing rumen pro-
tected forms of methionine and choline on health situation
and reproductive performance of Holstein dairy cows. Pak.
J. Biol. Sci., 12(1): 69-73.

Cooke, R.F., Rio, N.S.D., Caraviello, D.Z., Bertics, S.J.,
Ramos, M.H. and Grummer, R.R. (2007) Supplemental
choline for prevention and alleviation of fatty liver in dairy
cattle. J. Dairy Sci., 90: 2413-2418.

Pinotti, L., Campagnoli, A., Orto, V.D. and Baldi, A. (2005)
Choline is there a need in the lactating dairy cow. Livest.
Prod. Sci., 98: 149-152.

Piepenbrink, M.S. and Overton, T.R. (2003) Liver metab-
olism and production of cows fed increasing amounts of
rumen protected choline during the periparturient period.
J. Dairy Sci., 86: 1722-1733.

Mohsen, M.K., Gaafar, H.M.A., Khalafalla, M.M.,
Shitta, A.A. and Yousif, A.M. (2011) Effect of rumen pro-
tected choline supplementation on digestibility, rumen
activity and milk yield in lactating Friesian cows. Slovak J.
Anim. Sci., 44(1): 13-20.

Grummer, R.R. (1993) Etiology of lipid - Related meta-
bolic disorders in periparturient dairy cows. J. Dairy Sci.,
76: 3882-3896.

Strang, B.D., Bertics, S.J., Grummer, R.R. and
Armentano, L.E. (1998) Effect of long-chain fatty acids on
triglycerides accumulation, gluconeogenesis, and ureagene-
sis in bovine hepatocytes. J. Dairy Sci., 81: 728-739.

NRC. (2001) Nutrient Requirements for Dairy Cattle.
7" Revised ed. National Academy Press, Washingdon, DC.
Sharma, B.K. and Erdman, R.A. (1989) Effects of dietary
and abomasally infused choline on milk production
responses of lactating dairy cows. J. Nutr., 119: 248-254.
Pawar, S.P., Kewalramani, N., Thakur, S.S. and Kaur, J.
(2015) Effect of dietary rumen protected choline sup-
plementation on milk choline content in crossbred cows.
Indian J. Anim. Nutr., 32(1): 30-35.

Hartwell, J.R., Cecavqa, M.J. and Donkin, S.S. (2000)
Impact of dietary rumen undegradable protein and
rumen-protected choline on intake, peripartum liver triacyl-
glyceride, plasma metabolites and milk production in tran-
sition dairy cows. J. Dairy Sci., 83: 2907-2917.

Rahamani, M., Dehghan-Banadaky, M. and Kamalyan, R.
(2014) Effects of feeding rumen protected choline and
Vitamin E on milk yield, milk composition, dry matter
intake, body condition score and body weight in early lac-
tating dairy cows. Iran. J Appl. Anim. Sci., 4(4): 693-698.
Guretzky, N.A.J., Carlson, D.B., Garrett, J.E. and
Drackley, J.K. (2006) Lipid metabolite profiles and milk

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

production for Holstein and jersey cows fed rumen pro-
tected choline during the periparturient period. J. Dairy
Sci., 89: 188-200.

Davidson, S., Hopkins, B.A., Odle, J., Brownie, C.,
Fellner, V. and Whitlow, L.W. (2008) Supplementing lim-
ited methionine diets with rumen - Protected methionine,
betaine, and choline in early lactation Holstein cows.
J. Dairy Sci., 91: 1552-1559.

Zahra, L.C., Duffleld, T.F., Leslle, K.E., Overton, T.R.,
Putnam, D. and Leblanc, J. (2006) Effects of rumen pro-
tected choline and monensin on milk production and
metabolism of periparturient dairy cows. J. Dairy Sci.,
89: 4808-4818.

Soltan, M.A., Muyjalli, A.M., Mandour, M.A. and
Abeer, M.E. (2012) Effect of dietary rumen protected
methionine and/or choline supplementation of rumen fer-
mentation characteristics and protective performance of
early lactating cows. Pak. J. Nutr, 11(3): 221-230.

Garg, M.R., Bhanderi, B.M. and Sherasia, P.L. (2012)
Effect of supplementing bypass fat with rumen protected
choline chloride on milk yield, milk composition and meta-
bolic profile in crossbred cows. Indian J. Dairy Sci., 65(4):
319-323.

Lima, F.S., Filho, M.F.S., Greco, L.F.,, Susca, F.,
Magalhaes, V.J., Garrett, J. and Santos, J.E.P. (2007) Effects
of feeding rumen-protected choline (RPC) on lactation and
metabolism. J. Dairy Sci., 90: 174.

Sheikh, F.A., Kewalramani, N. and Thakkur, S.S. (2015)
Effect of supplementation of rumen protected lysine plus
methionine or choline on blood biochemical parameters in
crossbred cows. Indian J. Anim. Nutr., 32(3): 344-347.
Nardi, R.D., Marchesini, G., Tenti, S., Contiero, B.,
Andrighetto, I. and Segato, S. (2012) Lecithin as a supple-
ment for mid - Lactating dairy cows. Acta Agric. Slov., 3(3):
67-70.

Baldi, A. and Pinnotti, L. (2006) Choline metabolism in
high - Producing dairy cows: Metabolic and nutritional
basis. Can. J. Anim. Sci., 86: 207-212.

Scheer, W.A., Lucy, M.C., Kerley, M.S. and Spain, J.N.
(2002) Effects of feeding soybeans and rumen protected
choline during late gestation and early lactation on perfor-
mance of dairy cows. J. Dairy Sci., 85 Suppl 1: 276.

Leiva, T., Cooke, R.F., Brandao, A.P., Marques, R.S.
and Vasconcelos, J.L. (2015) Effect of rumen-protected
choline supplementation on metabolic and performance
responses of transition dairy cows. J. Dairy Sci., 93(4):
1896-1904.

Pineda, A. and Cardosa, F.C. (2015) Effects of rumen pro-
tected choline with calcium salts of long chain fatty acids
on milk yield and milk composition of middle and late lac-
tation Holstein cows. Livest. Sci., 175: 47-58.

Sales, J., Homolka, P. and Koukolova, V. (2010) Effect of
dietary rumen protected choline on milk production of dairy
cows: A meta-analysis. J. Dairy Sci., 93: 3746-3754.

Zom, R.L.G., Baal, J.V., Goselink, R.M.A., Bakker, J.A.,
Veth, M.J. and Vuuren, A.M. (2011) Effect of rumen pro-
tected choline on performance, blood metabolites, and
hepatic triacylglycerols of periparturient dairy cattle.
J. Dairy Sci., 94: 4016-4027.

Xu, G, Ye, J.A., Liu, J. and Yu, Y. (2006) Effect of rumen
protected choline addition on milk performance and blood
metabolic parameters in transition dairy cows. Asian Aust.
J. Anim. Sci., 19(3): 390-395.

Bindel, D.J., Drouillard, J.S., Titgemeyer, E.C., Wessels, R.H.
and Loest, C.A. (2000) Effects of ruminally protected cho-
line and dietary fat on performance and blood metabolites of
finishing heifers. J. Anim. Sci., 78(10): 2497-2503.

Lima, F.S., Filho, M.E.S., Greco, L.F. and Santos, J.E.P.
(2012) Eftects of feeding rumen protected choline on inci-
dence of disease and reproduction of dairy cows. Vet. J.,
193: 140-145.

Veterinary World, EISSN: 2231-0916

840



Available at www.veterinaryworld.org/Vol.9/August-2016/7.pdf

34.

35.

36.

Ensink, J. and Kampf, D. (2013) Effect of rumen protected
choline chloride in dairy cows. Jahrestagung der Bayrischen
Arbeitsgeminschaft Tierenahrung e.V., Freising. p77-80.
Suksombat, W., Homkao, J. and Klangnork, P. (2012) Effect
of biotin and rumen protected choline supplementation on
milk production, milk composition, live weight change and
blood parameters in lactating dairy weights. J. Anim. Vet.
Adv., 10: 2186-2192.

Toghdory, A., Emanuele, S., Ghoorchi, T. and Naserian, A.
(2007) Effect of choline and rumen protected cho-
line (Reashure) on milk production, milk composition

37.

38.

and blood metabolites of lactating dairy cows. J. Dairy
Sci., 90(1): 353.

Elek, P., Newbold, J.R., Gaal, T., Wagner, L. and Husveth. F.
(2008) Effects of rumen-protected choline supplementation
on milk production and choline supply of periparturient
dairy cows. Animal, 2(11): 1595-1601.

Chung, Y.H., Brown, N.E., Martinez, C.M., Cassidy, T.W.
and Varga. G.A. (2009) Effects of rumen protected choline
and dry propylene glycol on feed intake and blood parame-
ters for Holstein dairy cows in early lactation. J. Dairy Sci.,
81:2729-2736.

seskeoskeoskoskoskokok

Veterinary World, EISSN: 2231-0916

841




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


