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Abstract: Population of Black and White cattle has high genetic potential for 
production of milk. It exists in very complex production conditions where 
problems occur which are often manifested in different health disorders, high 
percentage of culling and short productive life.  Longevity parameters are 
calculated within defined time limits. Bottom limit is determined by date of birth, 
and top limit by date of culling. The knowledge of the strength of the influence of 
environment on the longevity of high yielding cows is important from the aspect of 
its inclusion into the model. According to individual significance of systematic 
factors, their objective assessment was carried out in order to evaluate the obtained 
results as precise and correct as possible. Previous studies of the average age of 
cows at culling from the herd indicated relatively short productive life and life in 
general of high yielding cows, which due to high percentage of culling effects the 
herd remount. Consequently selection differential is reduced and in this way 
realized selection effect is diminished. Objective of this paper was to investigate 
using appropriate methodology the longevity of high yielding Black and White 
cows of different genotypes through major systematic influences. Investigated 
cows according to their origin belong to European type of Black and White 
cattle in final stage of intensive improvement using Holstein-Friesian breed. 
Investigated sample included 331 cows. Average age of cows at culling is 
2265±463.26 days or 6.21±1.27 years. Observed by cow genotypes, mean 
values varied from 2140.99 days (> 73% HF), 2247.51 days (58-73% HF) to 
2406.97 days (<58% HF). Average lifetime production was realized at the 
level of 25002.66±7755.39 kg of milk with 3.61±0.01% of milk fat.Bulls, 
sires of cows, class of HF genes and year of culling had highly significant 
effect (p≤0.01), whereas the effect of reason for culling was significant 
(p≤0.05) for life duration of cows. 
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Introduction 
 
Longevity is ability to survive in certain production conditions. Duration of 

lifetime depends on health first of all. This trait is of great economical importance. 
Longevity of high yielding cows is determined by voluntary or forced/compelled 
decision on culling of animals. At the same time, term culling determined duration 
of production and lifetime period of cow. Voluntary decision on culling of animal 
is based on low production of head of cattle and economical-social relations on the 
farm. Duration of production lifetime, age at culling and survival are indicators 
often used to describe longevity which is related to realized production of milk per 
day of lifetime period (Ducrocq et al., 1988; De Vries, 2003).   

There are two periods in duration of lifetime period of cows: period of growth 
from birth to first calving and production period, from first calving  to culling. 
Indicators for assessment of longevity are duration of production period, age at 
culling, realized number of lactations, lifetime period, average milk yield per day 
of life and average milk yield per production day.  

Actual longevity is determined by time during which cow remains in the herd 
of high yielding cows. Functional longevity of cows is connected to causes which 
determine culling of cows, and are not related to milk production. In this case, the 
decision by the breeder in regard to culling of cow is excluded.  

Prolonging of production life of animal reduces the percentage of remount in 
the herd, which enables more strict selection in regard to other traits and additional 
income from sale of breeding material (Boettcher et al., 1999; De Vries, 2003).  

Longevity is for quantity of produced milk one of the key factors which 
influences the income realized from rearing of high yielding cows. Based on many 
data obtained in milk recordings, today, in numerous countries, because of the 
importance of longevity and its positive economical contribution, selection is done 
on longevity (Jairath et al., 1998). For evaluation of total economical effects in 
rearing of high yielding cows, key information is the quantity of produced milk to 
the day of culling (Ducrocq et al., 1988). 

Causes for culling of cows are consequences of the size of hers, equipment 
present on the farm, nutrition technology and temperature stress. Basically, causes 
for culling are divided into two major groups: intentional culling – cows culled 
based on the decision of the breeder (low milk yield, reduction of the number of 
cows in herd, etc.) (Caraviello et al., 2004); culling based on health reasons 
(diseases, udder damages, damages of legs, dew claws, milk fever, ketosis and 
other metabolic and digestive disorders), as well as fertility disorders, belong to 
group of unintentional culling under no immediate influence of the breeder (De 
Vries, 2003).  

 The most often reasons for culling of cows are: fertility disorders, death 
(cause unknown), forced slaughtering (cause unknown), udder diseases (mastitis), 
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diseases of legs and dew claws, age, low production, udder injuries, digestive and 
metabolic disorders, injuries to legs and dew claws, sudden death, other illnesses, 
diseases of reproductive organs, etc. (Lotthamer, 1999). 

Black and white, low land cattle has important place in Serbia’s cattle 
production. Especially because of high share in total milk production, in spite of 
relatively low share in total number of heads of cattle.  

Introduction of Holstein-Friesian genes within the program of 
improvement of population of European Black and white cattle caused increase of 
milk yield. In herds of high yielding cattle with intensive production of milk 
problems are noticed which are manifested in form of health and reproductive 
disorders, high percentage of culled animals, short productive life and lifetime in 
general, which considerably decreases the economical results of this production.   

 Beside genetic improvement of milk traits, it is necessary to pay attention 
to secondary traits. The progress in secondary traits through breeding and 
simultaneous improvement of nutrition, conditions of care and health protection, 
should enable normal fertility, good health and satisfactory longevity. It is 
necessary to find compromise between demands for high milk production and good 
fertility.    

Important characteristic of the longevity is high variability. Low 
heritability indicates important effect of rearing conditions and care on longevity of 
cows. Economical efficiency of production relates mainly to lifetime period nad 
number of lactations realized by the head of cattle during the exploitation period. 
Duration of exploitation of high yielding cows is often very short. Intensive 
utilization/exploitation of cows over longer period of time leads to significant 
problems related to the duration of their exploitation. Shortening of exploitation of 
cows because of high percentage of culling increased herd remount, decreases the 
selection progress as well as economical result (Nenadović et al., 1978; Panić and 
Simović, 1980; Ducrocq et al., 1988; Vollema and Groen, 1996; Lotthamer, 1999; 
Hare et al., 2006).    

Panić (1978) established average age at culling of 6.9 years in Black and 
White cows, lifetime milk production of je 19.344 kg with3.74% of milk fat. 
During production life in average 4.18 completed lactations were realized. Index of 
exploitation was 67.65%.   

Milic (1985) stated average age at culling of 6.51 years in cows of Black 
and white breed, duration of production life of 4.16 years, average number of 
realized lactations was 3.77, average lifetime production 21.685 kg of milk with 
3.52% of milk fat. Antov (1986),  in his investigation of longevity and lifetime 
production of imported Red low land cattle (rotbunt) established average age at 
culling of 8.06 years. In their production life cows realized in average 4.67 
lactations. Lifetime milk production was 18.941 kg with 3.67% of milk fat.  
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Vasović et al. (1988) established that in comparative investigation of Black 
and white and Simmental breed, average age at culling in Black and White cattle 
was 6.13 years, and Simmental 6.23 years. Average production life in black and 
white breed was 3.88 years, and in Simmental 3.99 years. Total number of realized 
lactations was 3.54 and 3.71, quantity of milk 20.365 and 15.759 kg, respectively. 
Difference in lifetime production of milk between these two breeds was 
statistically very significant.  

Investigating the effect of Black and White sires on phenotype parameters 
of lifetime milk production of their daughters, Petrović (1988) established that 
cows were culled at the average age of 6.38 years, whereas average duration of 
production life was 4.35 years. Cows realized in average 3.30 lactations, lifetime 
milk production was 18.277 kg with 3.89% of milk fat.           

Jovanovac et al. (1990) established that age of Holstein-Friesian cows at 
culling was 6.27 years. Lazarević (1994) stated that in Austria, average exploitation 
period of Black and White cows was 5.9 years, Simmental 6.5 years, Brown breed 
7.2 years, Pinzgauer breed 6.4 years, Grey 8.5 years, whereas average for all breeds 
was 6.6 years. Prolonging of production life contributes to higher number of cows 
in later, more productive lactations. Increase of average number of realized 
lactations from three to four increases the average yield of milk in lactation and 
income by 11 to 13% (Vukasinovic et al., 1997).   

For breeding bulls (sires of future generations of cows) it is important to 
know their breeding value in regard to longevity as soon as possible (Vollema and 
Groen, 1996). In investigation which included 13.8 million dairy cows, which 
calved for the first time in interval of 15 years, sample consisted of cows of 
different dairy breeds (Ayrshire 0.5 %, Brown Swiss 0.9 %, Guernsey 1.3 %, 
Holstein 92.6 % and Jersey 4.7 %). Average value of survival was 73 % to the 
second lactation, 50 % to the third lactation, 32 % to the fourth, 19 % to the fifth, 
10 % to the sixth, 5 % to the seventh and 2 % of cows reached the eighth lactation 
(Hare et al., 2006). 

Beside the effort invested into increase of the level of production, it is 
necessary to consolidate certain physical qualities of cows using selection, in order 
to contribute to increase of production and prolonging of the lifetime period of 
cows in the herd. This is especially important if stress effects of intensive rearing 
system are taken into consideration, as well as housing conditions and exploitation 
conditions. Study of the body development and type should be more in focus of the 
attention through defining of certain breed type of animal which would be most 
suited for the breeding purpose. Body development/condition and type should be 
considered in relation to rearing conditions and realized production. Methods of 
visual scoring/evaluation should enable better valuing of body development of 
cows in regard to increase of production and reproduction abilities/capacities.  
Prolonging of productive life and general lifetime period of cows is based on this. 
Disadvantages of the animal type can cause increase of culling from the herd, and 
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process is amplified by increase of cows’ age. If body development and type are 
neglected totally, general adaptive ability of population can be considerably 
weakened (Latinović, 1985).  

Effects on longevity are quantity of produced milk, somatic cell count, 
linear type score (primarily height to withers, body length, body depth, udder 
traits), herd, percentage and amount of milk protein and fat, season of first calving, 
etc. Heritability for longevity is low and varies between 0.03 and 0.2 depending on 
the selected method used for assessment of longevity (Boettcher et al., 1999). 

The knowledge of the strength of the influence of environment on the longevity 
of high yielding cows is important from the aspect of its inclusion into the model. 
According to individual significance of systematic factors, their objective 
assessment was carried out in order to evaluate the obtained results as precise and 
correct as possible. Considering that they greatly contribute to economical and 
breeding results, it is necessary to determine major systematic effects which lead to 
significant phenotypic variations of investigated trait. Objective of this paper was 
to investigate using adequate methodology longevity of high yielding Black and 
White cows of different genotypes through major systematic influences.  

   
Materials and Methods  

 
Investigation of longevity was carried out on heads of high yielding Black and 

White cattle. Investigated heads were European type of Black and White cattle 
which are presently in the final stage of intensive improvement/breeding using 
Holstein-Friesian genes. Investigated sample of culled cows (N=331) were under 
same conditions of housing (tie system), nutrition (complete diet), care and 
exploitation. Within longevity traits the age at culling (AC) was investigated and 
presented in days.  

Analysis of the effect of certain systematic influences was done by method of 
least squares (Harvey, 1987) whose advantage was displayed in the possibility of 
simultaneous determining of multiple effects on investigated traits. For application 
of the method it is not necessary to have the same number of classes (treatments) of 
investigated influences, number of repetitions can be different in every class. 
Mathematical-statistical analysis of data in samples for studied trait of longevity 
was done by application of following linear models:  

 
Distribution according to classes: 
 

Class of HF genes < 58% 58-73% >73% 
n 83 125 123 

Year of culling 94 95 96 
n 88 140 103 

Reason for culling 1 3 4 
n 278 47 6 
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Applied models: 
 
a. Mixed 
 
Yijklm = μ + Oi + HFj + Gk + Rl + eijklm 
 
b. Fixed (in order to obtain better solutions for sire-bulls)  
 
Yijklm = μ + Oi + HFj + Gk + Rl + eijklm 
 
where:  
 
Yijklm  = result of m cow, daughter of i sire, belonging to j group according to 

share of HF genes, culled in k year, because of l reason   
μ         = general average  
Oi         =  in mixed model – random, in fixed model – fixed effect of i sire  
HFj     =  fixed effect of j group of HF genes 
Gk       = fixed effect of k year of culling   
Rl           = fixed effect of l reason for culling      
eijklm   = random error 

Within applied model following codes were used: 1 – economical culling, 3-
forced culling and 4 – death.  

Results and Discussion  

Age at first calving and duration of productive life are time periods which 
directly determine the age of cows at culling. Average age of cows at culling was 
2265±463.26 days or 6.21±1.27 years (Table 1). According to genotypes of cows, 
mean values varied from 2140.99 days (> 73% HF), 2247.51 days (58-73% HF) to 
2406.97 days (< 58% HF). Average lifetime production was realized at the level of 
25.002.66±7755.39 kg of milk with 3.61±0.01% of milk fat. 

 Similar values were established by Vasović et al. (1988), 
Jovanovac, (1990) and Hare et al., (2006), whereas higher values were obtained by 
Panić (1978), Milić (1985) and Petrović (1988). For Black and White breed, 
slightly lower values are stated by Lazarević (1994) and Lotthamer (1999). 
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Table 1. Deviations and deviation errors from general average  (μ),  mean values (lsm) and 
mean value errors (Slsm) of least squares for investigated effects for duration of lifetime (days)  

 
Effects       N                 C                    Sc                    lsm                      Slsm 

Total 
  μ             331         2265.16           463.26                2265.16                   63.26    

Class of HF genes, (df1 =2, df2=307,  f-exp=9.100**) 
    < 58%          83            141.81             35.99                2406.97                 464.69 
     58-73%     125            -17.64              28.57                2247.51                 464.11 
    > 73%        123          -124.17              32.50                2140.99                 464.39 

Sires-bulls, (df1 =17, df2=307,  f-exp=54.541**) 
  23             42           568.47              56.91                2846.51                  67.87 
  28             20             30.97              76.25                2309.01                  91.72 
  33               3         1010.15            187.88                3288.19                205. 21 
  35             29          -588.45              66.04                1689.59                  82.57 
  36             45          -353.95              55.31                1924.09                  70.92 
  38             11          -999.98            101.98               1278.06                117.33 
270             22           836.44               72.71               3114.48                 87.89  
283               5         1264.26            146.42                3542.29               161.69 
293               8        -1378.67            118.04                 899.37                132.47 
337               7        -1186.92            124.63               1091.12                138.29 
762             21           710.39              85.56                2988.43                  89.95  
795               6         1358.42            133.72                3636.46                149.53 
 816            33           378.76              65.64                2656.80                  78.30 
 879              7          -860.65            123.11               1417.39                 137.34 
 927            31          -278.06              62.32                1999.98                   74.82  

      1040            19          -891.17              79.10                1386.87                    92.07 
      1304            15             20.93               86.37               2298.97                  101.83 
      5368              7           359.96             124.54                2637.10                  137.89   

Year of culling (df1 =2, df2=307,  f-exp=53.762**) 
  94            88           -288.14                31.01               1977.02               463.85 
  95          140              15.63               26.84                2280.79               464.24 
  96          103            272.51               29.33                2537.67               464.43     

Reason for culling (df1 =2, df2=307,  f-exp=3.108*) 
    1          278              90.46                52.68                2355.62              461.23 
    3            47           143.39                 58.89                2408.55              463.40 
    4              6          -233.85                97.22                2031.31              481.71     

N.S.- p>0.05          *-p≤0.05          **-p≤0.01 
 

Sires-bulls, class of HF genes and year of culling had highly significant 
effect (p≤0.01), whereas the reason for culling was significant effect (p≤0.05) on 
duration of lifetime of cows. 
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Conclusion  

Average age of cows at culling was 2265±463.26 days or 6.21±1.27 years.  
Sires-bulls, class of HF genes and year of culling had highly significant effect 
(p≤0.01), whereas the reason for culling was significant effect (p≤0.05) on duration 
of lifetime of cows). 

Expression of longevity was not satisfactory which contributed to certain 
extent to reduction of phenotypic values of traits of lifetime milk production.  

Research clearly indicates relatively short lifetime period of high yielding 
Black and White cows of different genotypes. Short exploitation period leads to 
high herd remount which is cause of reduction of selection intensity and low 
selection differential which reduces realized selection effects.  

Monitoring and study of longevity in production conditions should be more 
important. Increase of genetic potential of cows for production of milk reduces 
their longevity. Importance of selection on those traits which influence health 
condition in relation to improvement of longevity is emphasized. Increase of 
longevity is one of the ways to reduce the costs and increase the amount of 
produced milk.  
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Dugovečnost visokomlečnih krava 
 
Ž. Novaković, S. Aleksić, Lj. Sretenović, M. M. Petrović, V. Pantelić, D. Ostojić-
Andrić 
 
Rezime 
 

 
Efikasno korišćenje krava u intenzivnoj proizvodnji potrebno je da traje što 

duže. Vreme trajanja perioda od njihovog prvog teljenja do izlučenja iz stada treba 
da omogući poboljšanje ukupne životne produktivnosti. Ovo bi, pored smanjenja 
troškova sa manjim udelom amortizacije u ceni koštanja, omogućilo bolje ukupne 
selekcijske rezultate preko nižeg remonta stada uz veći selekcijski diferencijal. 
Mnogo veća pažnja mora se posvetiti vremenu korišćenja krava u proizvodnji i 
uzrocima njihovog izlučenja. Najčešći uzroci izlučenja su: slaba mlečnost, smetnje 
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u plodnosti, poremećaji posle teljenja, oboljenja nogu, bolesti organa za varenje, 
mastitis i dr.  

Značajan broj istraživanja prosečne starosti krava pri izlučenju iz stada ukazuje 
na relativno kratak proizvodni i životni vek visokomlečnih krava. On se ispoljava 
preko visokog procenta izlučenja koji posledično utiče na veći remont stada. Cilj 
ovog rada je da se primenom odgovarajuće metodologije ispita dugovečnost 
visokomlečnih crno-belih krava različitih genotipova preko najvažnijih 
sistematskih uticaja.  

Ispitivane krave svojim poreklom pripadaju evropskom tipu crno-belih goveda 
koje se nalaze u završnoj fazi intenzivnog oplemenjivanja holštajn-frizijskom 
rasom. Ispitivani uzorak uključio je 331 kravu.  

Prosečna starost krava kod izlučenja iznosi 2265±463.26 dana ili 6.21±1.27 
godina. Posmatrano po genotipovima krava srednje vrednosti su bile 2140.99 dana 
(> 73% HF), 2247.51 dana (58-73% HF) i 2406.97 dana (< 58% HF). Prosečna 
životna proizvodnja ostvarena je na nivou od 25002.66±7755.39 kg mleka sa 
3.61±0.01% mlečne masti. 

 Bikovi-očevi krava, klasa HF gena i godina izlučenja imali su visoko značajan 
uticaj (p≤0.01), dok je uticaj razloga izlučenja bio značajan (p≤0.05) na trajanje 
života krava. 

References 

ANTOV G. (1986): Dugovečnost i proizvodnja uvezenih crno-belih nizijskih 
rotbunt goveda u Vojvodini. Savremena poljoprivreda, 3-4, 183-192.  
BOETTCHER P. J., JAIRATH L.K., DEKKERS J.C.M. (1999): Comparison of 
methods for genetic evaluation of sires for survival of their daughters in the first 
three lactations. J. Dairy Sci., 825, 1034-1044. 
CARAVIELLO D.Z., WEIGEL K.A., GIANOLA D. (2004): Prediction of 
longevity breeding values for us Holstein sires using survival analysis 
methodology. J. Dairy Sci., 8710, 3518–3525. 
DUCROCQ V., QUAAS R.L., POLLAK E.J., CASELLA G. (1988): Length of 
productive life of dairy cows. 1. Justification of a Weibull model. J. Dairy Sci., 
7111, 3061-3070. 
DE VRIES A. (2003): Productive life of dairy cows in Florida. Department of 
Animal Sciences University of Florida, Gainesville. 
JAIRATH L., DEKKERS J.C.M., SCHAEFFER L.R., LIU Z., BURNSIDE E.B., 
KOLSTAD B. (1998): Genetic evaluation for herd life. Canada. J. Dairy Sci., 812, 
550-562. 
JOVANOVAC S., ČIČA O., KURTEK E., RISTIĆ S. (1990): Utjecaj sistematskih 
faktora okoline na mliječnost krava Holstein-Friesien pasmine. Znanost i praksa u 
poljoprivredi i prehrambenoj tehnologiji, 17, 3-4, 303-314. 



Ž. Novaković et al. 
 

 

 

654

HARE E., NORMAN H.D., WRIGHT J.R. (2006): Survival rates and productive 
herd life of dairy cattle in the United States. J. Dairy Sci., 899, 3713-3720. 
LATINOVIĆ D. (1985): Kvantitativno genetsko ocenjivanje telesne razvijenosti i 
tipa krava u populacijama evropskih crno-belih i holštajn-frizijskih goveda. 
Doktorska disertacija. Beograd. 
LAZAREVIĆ R. (1994): Pravci razvoja govedarstva u SR Jugoslaviji. Beograd. 
LOTTHAMMER K.H. (1999): Beziehungen zwischen Leistungsniveau, 
Gesundheit, Fruchtbarkeit und Nutzungsdauer bei Milchrindern. Tierärztliche 
Umschau, 54, 544-553. 
MILIĆ M. (1985): Adaptacija holštajn-frizijskih goveda u proizvodnim uslovima 
Vojvodine. Doktorska disertacija. Novi Sad. 
NENADOVIĆ M., ZDRAVKOVIĆ J., MILIĆ M., MEDIĆ D. (1978): Ispitivanje 
vremena korišćenja krava u proizvodnji i problemi determinacije uzroka njihovog 
izlučenja. Stručni odbor za govedarstvo i proizvodnju stočne hrane, Beograd, 69-
77.   
PANIĆ M. (1978): Uticaj genetskih i nekih paragenetskih faktora na dužinu 
iskorišćavanja krava i životnu proizvodnju mleka. Doktorska disertacija. Beograd.   
PANIĆ M., SIMOVIĆ B. (1980): Iskorišćavanje krava u farmskim uslovima. 
Sistemi držanja goveda na gazdinstvima zemljoradnika i prozvodnje mleka u 
velikim zapatima goveda. Stručni odbor za govedarstvo i proizvodnju stočne hrane, 
Beograd.   
PETROVIĆ M. (1988): Uticaj bikova očeva na fenotipske parametre životne 
proizvodnje mleka kćeri crno-belih goveda. Stočarstvo, 42, 11-12, 429-440. 
VASOVIĆ S., LAZAREVIĆ R., PETROVIĆ M. (1988): Uporedno ispitivanje 
pokazatelja varijabilnosti i povezanosti osobina životne proizvodnje krava 
simentalske rse i evropske crno-bele rase. Aktuelna pitanja govedarske proizvodnje 
na društvenim i individualnim gazdinstvima. Sveska 50, 64-70.  
VOLLEMA A.R., GROEN A.F. (1996): Genetic parameters of longevity traits of 
an upgrading population of dairy cattle. J. Dairy Sci., 7912, 2261-2267. 
VUKASINOVIC N., MOLL J., KUNZI N. (1997): Analysis of productive life in 
Swiss Brown cattle. J. Dairy Sci., 8010, 2572-2579. 

  
Received 31 May 2009; accepted for publication 15 August 2009 
 



<<
  /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


