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Short Communication / Kisa Bilimsel Calisma

Effect of alternative cryopreservation procedures on bull semen’
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! Hatay Food Control Laboratory, Hatay; 2Ankara University, Faculty of Veterinary Medicine, Department of Reproduction and
Artificial Insemination, Ankara.

Summary: The aim of this study was to assess the use of - 152°C ultra freezer for freezing and storing bull semen as an
alternative to freezing over the liquid nitrogen vapor and storing in liquid nitrogen in terms of certain post-thaw spermatological
parameters. Two ejaculates, one per each bull, were used without pooling. Four different freezing and storing protocols were tested.
At 1 week, 2 months and 6 months after cryopreservation, the frozen semen was thawed and the seminal parameters were
determined. As a conclusion, this study has confirmed that the use of -152 °C ultra-low freezer for freezing and storing bull semen
for 6 months is a viable alternative to liquid nitrogen.
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Alternatif Dondurma ve Saklama Yéntemlerinin Boga Spermas1 Uzerine Etkisi

Ozet: Bu ¢alismanin amaci, boga spermasinin -152 °C derin dondurucuda dondurulup saklanmasinin sivi azot buharinda
dondurma ve sivi azotta saklamaya ¢dziim sonu kimi spermatolojik parametreler bakimindan bir alternatif olup olmayacaginin
arastirilmasidir. Bu caligmada iki adet boganin birer ejakulati miks yapilmadan kullanildi. Arastirmada dort farklt dondurma ve
saklama protokolii denendi. Dondurma isleminden bir hafta, iki ve alt1 aylik periyotlar sonrasinda payetler ¢ozdiiriildii ve ¢dziim sonu
baz1 spermatolojik 6zellikler degerlendirildi. Sonug olarak bu ¢alisma -152°C derin dondurucunun boga spermasinin dondurulmasi
ve alti ay siireyle saklanmasinda sivi azota bir alternatif olarak kullanilabilirligini ve boga spermasinin dondurulmas: ve

saklanmasinda iyi bir ortam sagladigini dogrulamaktadir.

Anahtar sozciikler: Boga, derin dondurucu, dondurma, saklama, sperma.

Bull semen can be frozen in pellets, ampoules or
straws and then stored in liquid nitrogen (13). In addition
to the traditional method for freezing semen in straws,
freezers operating with liquid nitrogen are also used
(2,3,4,11). However, with the changes in life sciences,
liquid nitrogen-based systems have faced with some
problems, the most important two being the
contamination risk and temperature change up to 90 °C
(4,6,7,8,10). Therefore, there is a need to investigate
feasible alternatives for semen cryopreservation which
can prevent the complications of traditional methods (2).
However, there are also other studies confirming that
another viable alternative may be the use of ultra-low
freezers at -152 °C, not too far from liquid nitrogen
temperature at -196 °C (2,3,4,11). It remains to be
established mechanical freezers which can provide air
phase at -150°C without the need for liquid nitrogen can
prevent cross-contamination of germ-plasm over a long
period of storage (6,7). The aim of this experiment was
to assess the use of an ultra-low freezer at -152 °C for

" Ay isimli doktora tezinden ézetlenmistir.

freezing and storage of bull semen for 6 months. Post-
thawing seminal parameters were evaluated to see
whether an ultra-low freezer at -152 °C could be a
feasible alternative to cryopreservation in liquid nitrogen.

Two Holstein bulls were used in this experiment.
Semen was collected using an artificial vagina. The
ejaculates from each bull were not pooled but processed
individually. Following semen collection the semen
volume, concentration, pH, sperm motility and the
percentages of abnormal and dead sperm cells were
determined. Following the seminal analysis, the
ejaculates were diluted with Bioxcell, packaged in 0.25
ml plastic straws (9) and equilibrated. Following
equilibration, the sperm motility and the percentages of
dead spermatozoa and abnormal spermatozoa rate were
determined. Four different freezing and storing protocols
were tested: I- Straws were frozen over the liquid
nitrogen vapor and then plunged into and stored in liquid
nitrogen. II- Straws were frozen over liquid nitrogen
vapor, plunged into liquid nitrogen and then stored in
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ultra-low freezer at -152 °C. III- Straws were frozen and
stored in ultra-low freezer. IV- Straws were frozen in
ultra-low freezer and stored in liquid nitrogen. In the first
protocol, following the equilibration, semen was frozen
over the liquid nitrogen vapor at -120 to -140 °C for 10
minutes and then plunged into and stored in liquid
nitrogen at -196 °C. In the second protocol, the
equilibrated semen was frozen over the liquid nitrogen
vapor at -120 to -140 °C for 10 minutes and plunged into
liquid nitrogen. The straws were then moved from liquid
nitrogen to ultra-low freezer at -152 °C to be stored. In
the third protocol, semen was frozen and stored in ultra-
low freezer. In the forth protocol, semen was frozen in
ultra-low freezer at -152 °C for 10 minutes and then
frozen straws were moved to liquid nitrogen container to
be stored. Frozen semen was stored in ultra-low freezer
and liquid nitrogen for six months. Thawing was carried
out at 1 week, 2 months and 6 months after
cryopreservation. 10 frozen straws per each protocol
were plunged into water bath at 37 °C for 20 seconds.
After thawing, the sperm motility and the percentages of
abnormal and dead sperm cells were determined. Results
are presented as mean + standard error of the mean
(SEM). Data were analyzed using the general linear

Table 1 : Spermatological parameters of fresh semen of donor bulls.

model procedure (ANOVA) of SPSS 15.0. Values were
considered to be statistically significant when p < 0.05.
Spermatological parameters of fresh semen of
donor bulls are presented in Tablel. Evaluation of sperm
characteristics of fresh semen showed similar mean
values compared to those obtained in other studies (1,12)
(Tablel). After equilibration and before freezing, the
semen samples were analyzed in terms of sperm motility
and percentages of dead spermatozoa and abnormal
spermatozoa (Table 2). The percentages of sperm
motility (mean £ SEM) observed in bull 1 and bull 2
throughout the experimental period are shown in Table 3.
The mean percentages of sperm motility of donor bulls
did not show any significant differences in four freezing
protocols (LN-LN, LN-ULF, ULF-ULF and ULF-LN) at
1 week, 2 months and 6 months after cryopreservation
(»>0,05) (Tablo 3). Table 4 shows the percentages (mean
+ SEM) of dead spermatozoa observed in two bulls
throughout the experimental period. The mean
percentages of dead spermatozoa of donor bulls did not
show any significant differences in four freezing
protocols (LN-LN, LN-ULF, ULF-ULF and ULF-LN) at
1 week, 2 months and 6 months after cryopreservation
(»>0,05) (Table 4). The percentages of abnormal

Tablo 1: Nativ boga spermalarinda belirlenen spermatolojik parametreler.

Bull Volume Motility Concentration Abnormal Dead pH
(mL) (%) 10°/mL spermatozoa (%) spermatozoa (%)

4.0 80.0 1.29 11 15 6.2

2 4.5 80.0 1.27 13 17 6.4

Table 2: Spermatological parameters after equilibration(2 hours in +4°C)(X + Sx; n=7).
Tablo 2: Alisim (+4°C’de iki saat) sonrasi spermatolojik parametreler (X + Sx; n=7).

Bull Motility (%) Dead spermatozoa (%) Abnormal spermatozoa (%)
77.14£2.67 16.28 +1.80 13.85+1.35
2 76.42 +3.78 17.28 £ 1.11 14.71 £ 1.50

Table 3: Percentages of sperm motility after thawing in four freezing protocols at 1 week, 2 months and 6 months after

cryopreservation (X + Sx; n = 10).

Tablo 3: Dondurma isleminden bir hafta, iki ay ve alt1 ay sonra elde edilen ¢6ziim sonu motilite degerleri (X + Sx; n = 10).

Experimental periods Bull Group 1 Group 2 Group 3 Group 4
(LN-LN)* (LN-ULF)° (ULF-ULF)® (ULF-LN)*
Day 7 1 54.00 £ 6.15 54.50+£5.99 55.50 = 3.69 55.00 +4.08
2 52.00 + 5.37 51.00 +4.59 52.50+5.40 50.00 +3.33
Day 60 1 55.00 +£4.71 55.50+4.97 56.00 +4.59 54.00 +3.94
2 51.50 +4.12 50.50 +£4.97 51.00 £4.59 51.50 +4.12
Day 180 1 54.50 +£4.97 55.50 £ 6.85 55.50 £ 5.50 55.00 +4.08
2 51.00 +4.59 50.00 +3.33 51.50 £ 5.30 50.50 +4.97

# LN-LN: freezing and storing in liquid nitrogen

®LN-ULF: freezing in liquid nitrogen and storing in ultra-low freezer

¢ ULF-ULF: freezing and storing in ultra-low freezer

4 ULF-LN: freezing in ultra-low freezer and storing in liquid nitrogen
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Table 4 : Percentages of dead sperm cells of after thawing in four freezing protocols at 1 week, 2 months and 6 months after

cryopreservation (X £ Sx; n = 10).

Tablo 4: Dondurma isleminden bir hafta, iki ay ve alt1 ay sonra elde edilen ¢6ziim sonu 6lii spermatozoa yiizdeleri (X + Sx; n = 10).

Experimental periods Bull Group 1 Group 2 Group 3 Group 4
(LN-LN)®* (LN-ULF)® (ULF-ULF)° (ULF-LN)¢
Day 7 1 32.80+2.10 31.20 + 1.69 33.80 +£2.82 33.60 +3.57
2 34.50 +2.79 33.30+3.34 34.10 £ 4.75 34.80 + 2.90
Day 60 1 31.80 + 1.62 31.30 £2.41 32.40 +2.07 33.00 + 3.80
2 3220 +3.08 32.90 +4.01 35.10 + 3.14 33.70 +3.23
Day 180 1 3130+2.11 30.30 + 1.89 31.50+£2.55 32.10 +3.38
2 33.80 + 3.36 33.00 + 3.59 3230 +3.27 32.90 + 2.69

* LN-LN: freezing and storing in liquid nitrogen
®LN-ULF: freezing in liquid nitrogen and storing in ultra-low freezer

¢ ULF-ULF: freezing and storing in ultra-low freezer

¢ ULF-LN: freezing in ultra-low freezer and storing in liquid nitrogen

Table 5: Percentages of abnormal sperm cells of after thawing in four freezing protocols at 1 week, 2 months and 6 months after

cryopreservation (X £ Sx; n = 10).

Tablo 5: Dondurma isleminden bir hafta, iki ay ve alt1 ay sonra elde edilen ¢6ziim sonu anormal spermatozoa oranlari (X £ Sx; n = 10).

Experimental periods Bull Group 1 Group 2 Group 3 Group 4
(LN-LN)* (LN-ULF)" (ULF-ULF)° (ULF-LN)
Day 7 1 21.80 + 1.81 21.10 £ 1.20 20.90 + 1.79 19.80 +2.15
2 22.10+2.13 20.90 + 1.37 2130+ 1.83 21.30 + 1.89
Day 60 1 22.00 £ 1.56 20.40 +2.37 20.10 + 1.52 2030+ 1.83
2 21.30£2.63 21.30 £ 2.00 21.10 + 1.29 2290+ 1.91
Day 180 1 21.30+£2.16 20.80 + 1.87 21.80 + 1.69 19.70 + 1.64
2 22.00 + 1.56 21.90 +2.13 21.80 + 1.69 21.40 + 1.58

*LN-LN: freezing and storing in liquid nitrogen

®LN-ULF: freezing in liquid nitrogen and storing in ultra-low freezer

¢ ULF-ULF: freezing and storing in ultra-low freezer

4 ULF-LN: freezing in ultra-low freezer and storing in liquid nitrogen

spermatozoa (mean + SEM) observed in donor bulls
throughout the experimental period are shown in Table 5.
No significant differences were found between the four
freezing protocols (LN-LN, LN-ULF, ULF-ULF and
ULF-LN) at 1 week, 2 months and 6 months after
cryopreservation (Table 5). Finally, According to the
statistical analysis, no significant difference was
observed between the four groups in the two bulls in
terms of seminal parameters (p > 0,05). In addition the
sperm motility and percentages of dead and abnormal
spermatozoa for each individual bull did not change
significantly in four groups at 1 week, 2 months and 6
months after cryopreservation, showing that storage time
neither decreased sperm motility nor increased dead and
abnormal sperm cells. As a conclusion, this study has
confirmed that the use of -152 °C ultra-low freezer for
freezing and storing bull semen for 6 months is a viable
alternative to liquid nitrogen.

This study assesses, for the first time, the use of
ultra-low freezer at -152 °C for the cryopreservation of
bull semen. However, there are a few studies
investigating the ultra-low freezer at -152 °C for freezing
and storing canine and goat semen (2,3,4,11).0One of the

studies on the cryopreservation of canine semen assessed
the post-thawing seminal parameters obtained by similar
protocols including the use of ultra-low freezer at -152
°C and liquid nitrogen, finding no significant differences
between both protocols in terms of sperm motility and
percentages of dead and abnormal spermatozoa (2).
When compared, the results of our study also detected no
statistically significant differences between the similarly
applied protocols (freezing over liquid nitrogen vapor
and storing in liquid nitrogen, freezing over liquid
nitrogen vapor and storing in ultra-low freezer, and
freezing and storing in ultra-low freezer) in terms of
sperm motility and percentages of dead and abnormal
spermatozoa. In another study on the cryopreservation of
canine semen, semen was frozen in ultra-low freezer at -
152 °C and liquid nitrogen, and stored for 12 months,
reporting no  significant  differences  between
cryopreservation in the two freezing protocols in terms of
sperm motility and percentages of live and abnormal
spermatozoa (3). Similarly, our study on the
cryopreservation of bull semen detected no significant
differences between the ultra-low freezer and liquid
nitrogen protocols in terms of seminal parameters at 6
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months after cryopreservation (motility and percentages
of dead/live and abnormal spermatozoa). In another study
(11), semen taken from bucks were frozen and stored
using liquid nitrogen and ultra-low freezer at -152 °C to
compare sperm cryosurvival between freezing methods.
The results of that study showed similar mean values for
the freezing methods at 2 days and 2 months after
cryopreservation. Similarly, the findings of our study
showed no significant differences between the two
protocols in terms of seminal parameters at | week and 2
months after cryopreservation. In another study on the
cryopreservation of goat semen in ultra-low freezer at -
152 °C (4), the in vitro quality of semen was reported to
be not modified after cryopreservation for up to 1 year.
Our study on bulls also confirmed that ultra-low freezer
did not change the post-thawing parameters observed at 6
months after cryopreservation. The results of this study
confirmed that the use of ultra-low freezers at -152 °C
for freezing and storing bull semen for 6 months is a
viable alternative to cryopreservation in liquid nitrogen.
However, before recommending the routine use of this
freezer for long-term cryopreservation as semen banks,
further studies should be done to assess cryopreservation
for 1 year and more. It is also necessary to assess the
fertility of bull semen frozen and stored in ultra-low
freezer.

References

1. Ak K.(1994): Spermanin muayenesi. Reprodiiksiyon ve
Suni Tohumlama.istanbul Universitesi Veteriner Fakiiltesi
Masaiistii Yayimcilik Unitesi, Ders Notu No:23, 6. Boliim.

2. Alamo D, Batista M, Gonzalez F, Rodrigez N, Cruz G,
Cabrera F, Garcia A. (2005): Cryopreservation of semen
in the dog: use of ultra freezers of -152°C as a viable
alternative to liquid nitrogen. Theriogenology, 63, 72-82.

3. Batista M, Alamo D, Gonzalez F, Cruz MG, Gracia A.
(20006): Influence of the freezing technique (nitrogen liquid
vs ultrafreezer of -152°C)andmale-to-male variation over
the semen quality in Canarian Mastiff breed dogs. Reprod
Domest Anim, 41, 423-8.

4. Batista M, Niiio T, Alamo D, Castro N, Santana M,
Gonzilez F, Cabrera F, Gracia A. (2009): Successful
artificial insemination using semen frozen and stored by an
ultrafreezer in the Majorera goat breed. Theriogenology,
71, 1307-15.

10.

11.

12.

13.

Bielanski A, Bergeron H, Lau PCK, Devenish J.(2003):
Microbial contamination of embryosandsemenduring long
termbankinginliquid nitrogen. Cryobiology,46,146-52.
Bielanski A. (2005): Non-transmission of bacterial and
viral microbes to embryos and semen stored in the vapour
phase of liquid nitrogen in dry shippers. Cryobiology, 50,
206-10.

Burden DW. (1999): Issues
temperature variation in the cryopreservation of animal
cells and tissues. Application Note:99-08 Erisim Adresi:
http://www.revco-sci.com/documents/Cryo%20Paper.doc.
Erigim Tarihi: 12.01.2009.

Fountain D, Ralston M, Higgins N, Gorlin JB, Uhl L,
Wheeler C, Antin JH, Churchill WH, Benjamin
RJ.(1997): Liquid nitrogen freezers: a potential source of
microbial contamination of hematopoietic stem cell
components. Transfusion, 37, 585-91.

Hansen D (2009): Boga spermasimin sulandwrilmast ve
dondurulmasi asamalari. Erigim Adresi:
http://www.sarkkemikal.com/hayvansagligi/pdf/spermahaz
irlama.pdf, Erisim Tarihi: 12.01.2009.

Konirsch HL, Collin C, Sifer C, Devaux A, Kuttenn F,
Madelenat P, Brun-Vezinet F, Feldmann G, Benifla J-
L. (2003): Safety of cryopreservation straws for human
gamete or embryos: a study with human immunodeficiency
virus-1 —under cryopreservation Human
Reproduction, 18,140-4.

Medrano A, Cabrera F, Gonzailez F, Batista M, Gracia
A. (2002): Is sperm cryopreservation at —150°C a feasible
alternative? Cryoletters, 23, 167-172.

Ozkoca A. (1984):  Ciftlik  hayvanlarinda
reprodiiksiyon ve suni tohumlama. 1 U Vet Fak Yay.
Seving A. (1984): Dolerme ve suni tohumlama.
Ankara Universitesi Veteriner Fakiiltesi Yayinlari:
397, Third Edition.

in contamination and

conditions.

Gelis tarihi: 31.05.2011 / Kabul tarihi: 02.03.2012

Address for correspondence:
Tugba Korkmaz Yavas, DVM, Ph.D.
Hatay Food Control Laboratory
M.Yanaray st. 31030 Akevler ward
Antakya- Hatay, Turkey.

e-mail: tkyavas@hotmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


