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Effects of olive leaf extract on rumen microbial fermentation in in
vitro semi-continuous culture system (RUSITEC)
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Summary: The aim of this study was to investigate the effects of olive leaf extract (OLE) on in vitro fermentation of a 50 : 50
forage : concentrate diet using the rumen simulation technique (RUSITEC) and to compare its effects with monensin addition. The
Rusitec system consisted of eight vessels: two received 150 mg of olive leaf extract (OLE-H) daily, two received 15 mg of olive leaf
extract (OLE-L), two received 5 mg of monensin (MON, positive control), and two received no additives (CTR). After an adaptation
period of 7 days, the main fermentation parameters were determined for seven consecutive days. There were no significant
differences between treatments either in pH or in organic matter degradability. MON significantly increased (p < 0.05) propionate
production and significantly reduced (p < 0.05) acetate and butyrate productions, acetate to propionate ratio, total protozoa count and
NH;-N concentration. Compared to CTR, the addition of both concentrations of OLE significantly increased (p < 0.05) total volatile
fatty acid (VFA) and propionate productions. However, OLE-H decreased (p < 0.05) butyrate production and total protozoa count.
Based on results from this study, it is reasonable to conclude that olive leaf extract exerted beneficial effects on some fermentation
parameters in the rumen-simulating semi-continuous culture system, which may improve fermentation efficiency in the rumen.
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Zeytin yaprag ekstraktinin yari-siirekli in vitro kiiltiir sisteminde (RUSITEC) rumen mikrobiyal
fermantasyonu iizerine etkileri

Ozet: Bu arastirmada rumen simulasyon teknigi (RUSITEC) kullanilarak zeytin yaprag: ekstraktinin % 50 kaba yem % 50
konsantre yemden olusan bir rasyonun in vitro fermantasyonu iizerine etkilerinin arastirilmasi ve bu etkilerin monensinin etkileri ile
karsilastirilmasi amaglandi. Rusitec sistemde 8 fermenter kullanildi: Bunlardan ilk ikisine giinliik 150 mg (OLE-H), diger ikisine ise
giinliik 15 mg (OLE-L) zeytin yapragi ekstrakti ilave edildi. Kalan 4 fermenterden ikisine glinliik 5 mg monensin (MON, pozitif
kontrol) ilavesi yapilirken, son iki fermentere hicbir ilave yapilmayip kontrol (CTR) olarak kullanildi. Yedi giinlik adaptasyon
fazindan sonra, 7 giin boyunca temel fermantasyon parametreleri belirlendi. Deneme gruplari arasinda pH ve organik madde
sindirilebilirligi acisindan istatistiksel bir farklilik bulunmadi. MON propiyonat {iretimini istatistiksel olarak belirgin bir sekilde
artirirken (p < 0,05), asetat ve biitirat iretimleri, asetatin propiyonata orant, protozoon sayisi ve NH3-N konsantrasyonunu belirgin bir
sekilde azaltti (p < 0,05). CTR ile karsilastirildiginda, OLE’nin her iki konsantrasyonu da toplam ugucu yag asidi (UYA) ve
propiyonat iiretimlerini istatistiksel olarak anlamli bir sekilde arttirdi (p < 0,05). Ancak OLE-H biitirat {iretimi ve toplam protozoon
sayisini azaltt1 (p < 0,05). Bu arastirmanin sonuglarina dayanarak zeytin yapragi ekstraktinin yari-siirekli rumen simulasyon kiiltiir
sisteminde bazi fermantasyon parametreleri {izerinde olumlu etkiler olusturdugunu, dolayisiyla rumendeki fermantasyon verimliligini
artirabilecegini sdyleyebiliriz.

Anabhtar sozciikler: Fermantasyon, rumen, zeytin yapragi ekstrakti

Introduction

Antibiotic feed additives, such as ionophore
antibiotic monensin, have been used widely in ruminant
production systems for many years, to improve daily gain
and feed conversion rates. However, the wuse of
antibiotics in animal nutrition has been prohibited in the
European Union since January 2006 because of the
potential for the selection of antibiotic-resistant bacterial
strains by the risk of antibiotic residues in milk and meat
products exists. Similar regulatory measures may be
expected in the rest of the world. For this reason, there is

an increasing interest in evaluating ‘natural’ alternatives
to modify rumen microbial fermentation (7, 14).

The olive (Olea europaea L.) leaf is known to be
resistant in nature to microorganisms and insect attack,
and much research has focused on the antimicrobial
activity of compounds contained in olives and olive oil.
Phenolic compounds including oleuropein, tyrosol,
hydroxytyrosol, caffeic acid, gallic acid, syringic acid, p-
coumaric acid and luteolin, isolated from olive leaves,
have been shown to inhibit or delay the rate of growth of
a range of microorganisms (11). Furthermore, olive leaf
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extract and its individual constituents are considered safe
and non-toxic for human and animal consumption (1,
17). However, the ability of olive leaf extract to influence
microbial fermentation processes in the rumen have not
been evaluated. The aim of this study was to evaluate the
effects of two doses of olive leaf extract on ruminal
fermentation in a long-term in vitro study. lonophore
antibiotic monensin was also added as a positive control
to compare its effects with those of the olive leaf extract
in the same in vitro conditions.

Materials and Methods

Incubation simulation
technique as described by Czerkawski and Breckenridge
(9) was used. Eight 750-ml fermentation vessels were
available. The inoculum was obtained from two freshly
slaughtered beef cattle (400 kg mean body weight) at a
commercial slaughter facility and transferred in warm
(39°C) insulated flasks to the in vitro system within 30
min. Each animal was fed about 1.8 kg barley straw and
72 kg of a commercial mineral-
supplemented concentrate for beef cattle (DM basis). The
same diet was also used for in vitro incubation trial. The
chemical composition of experimental diets is shown in
Table 1. Ruminal fluid was filtered through four layers of
cheesecloth to partition into liquid and solid (digesta)
fractions. To begin the experiment, each fermentation
vessel was filled with 750 ml of filtered ruminal fluid
and two nylon bags (80x120 mm; 150 pm pore size), one
containing 80 g of solid digesta and the other containing
10 g of feed (5 g barley straw and 5 g concentrate on a
DM basis). After 24 h, the solid digesta bag was replaced
by a fresh feed bag. Thereafter, one feed bag was
replaced daily, so that each feed bag remained in the
fermentation vessel for 48 h. Fermentation vessels
received a continuous infusion of a buffer (pH 7.4) at a
rate of 750 ml/d. The chemical composition of the buffer
solution was presented in Table 2.

technique: The rumen

and vitamin-

Table 1. Chemical composition of experimental diets
Tablo 1. Deneysel rasyonun kimyasal bilesimi

Concentrate Barley straw

DM (g/kg) 910 920
Composition (g/kg DM)

oM 820 846
Ash 90 74

CP 148 38
NDF 284 688
ADF 95 467
ADL 31 91

DM = dry matter; OM = organic matter; CP = crude protein;
NDF = neutral-detergent fibre; ADF = acid-detergent fibre;
ADL = acid-detergent lignin

Table 2. Chemical composition of the buffer solution (mmol/l)
Tablo 2. Tampon soliisyonun kimyasal bilesimi (mmol/1)

Ingredient

NacCl 28.00
KCl 7.69
CaCl,.2H,0 0.22
MgCl,.6H,0 0.63
NH,Cl 5.00
Na,HPO,.12H,0 10.00
NaH,PO,.H,0O 10.00
NaHCO; 97.90

Experimental procedure: The incubation trial
consisted of a 7-day adaptation period (to achieve steady
state conditions) followed by a 7-day collection period.
At the start of the collection period, two vessels received
15 mg of olive leaf extract powder (OLE-L) daily,
another two vessels received 150 mg of olive leaf extract
powder (OLE-H) daily, another two vessels received 5
mg of monensin (MON) (sodium salt, Fluka) daily, and
another two vessels received no additives (control, CTR).
Olive leaf extract powder was provided by Kale Naturel
Herbal Products Company, Ltd., Balikesir, Turkey.
Previous composition investigation studies have shown
that olive leaf extract contained 18% of oleuropein as
active ingredient.

Analytical procedures and samplings: The pH
values were measured daily in each fermentation vessel
at the time of feeding using an epoxy body pH electrode
(WD-35801-00, Oakton) connected to a pH-meter (Ion 6,
Acorn series, Oakton). Liquid effluent was collected
daily and samples were taken and frozen at - 20°C for
volatile fatty acids (VFA) and NH;-N determination.
Volatile fatty acids were quantified by the method of
Oeztuerk et al. (15) using HPLC (Dionex Summit P680,
ASI100) with a Rezex ROA-Organic Acid column (7.8 x
300 mm) at 60°C, isocratic elution with 0.005 M H,SO,,
and UV detection at 210 nm. Daily production rates of
VFA were estimated by multiplying the respective
concentration by the volume of effluent collected.

Ruminal NH;-N samples were allowed to thaw
completely at 4°C before analysis. Ammonia-N
concentration was measured using the indophenol blue
method (8). Ammonia and phenol were oxidised by
sodium hypochlorite in the presence of sodium
nitroprusside to form a blue complex. Absorbance was
measured colorimetrically at 546 nm using a Double
Beam UV Spectrophotometer (Shimadzu, UV-150-02).
Intensity of the blue is proportional to the concentration
of ammonia present in the sample.

For protozoa counting, rumen fluid samples of
fermentation vessels were taken daily immediately before
substrate exchange. 1 ml of sample was carefully mixed
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with 1 ml of a solution of 0.6 g methyl green, 6 g NaCl
and 100 ml formaldehyde (37%) filled up to 1000 ml
aqua dest. Portions of the samples were then pipetted into
a counting chamber (Fuchs-Rosenthal: 0.0625 mm?; 0.2
mm deep; Marienfeld, Germany). Total numbers of
protozoa, without quantifying different types, were
determined using a light microscope (Leica CME).

Dry matter was determined by drying at 65°C for 48
h. Ash concentration was determined after ignition at
600°C for 12 h in a muffle furnace and used to calculate
organic matter. The digestibility of organic matter at 48 h
was calculated as original organic matter sample weight
minus organic matter residue weight divided by the
original sample weight. This value was then multiplied
by 100 to derive the digestibility of organic matter
percentage.

Statistical analyses: Results are given as mean +
standard deviation (SD); n designates the number of
fermentation vessels run in parallel. Statistical analysis
was performed by a one-way analysis of variance
(ANOVA) using the SigmaStat 3.1 software (Systat
Software, Erkrath, Germany). In case of a significant
ANOVA result, post hoc Duncan tests were performed to
evaluate the statistical differences between the groups. P
values < 0.05 were considered significant.

Results

Mean values of analysed parameters are summarised
in Table 3. There were no significant differences between
treatments either in pH or in organic matter
degradability. MON caused (p < 0.05) the lowest C2:C3
ratio (—33%, compared to CTR), without changing total
VFA production. This decrease was accompanied by
changes in the VFA produced, producing more
propionate (27%), less acetate (— 17%) and butyrate (-
24%). However, compared with CTR, addition of OLE-L
and OLE-H resulted in a 9% and 4% increases (p < 0.05)

in total VFA production, respectively. In general, these
increases were mediated by respective change in the
production rate of propionate (p < 0.05). Nevertheless,
due to the non-significant increase in acetate production,
the acetate to propionate ratio was not significantly
affected by both levels of olive leaf extract. OLE-H
treatment decreased (p < 0.05) butyrate production.
Compared to CTR, addition of MON and OLE-H
reduced (p < 0.05) the number of total protozoa by about
71% and 18%, respectively. NH3;-N concentration was
also decreased (p < 0.05) in the presence of MON by
13%. However, OLE-L and OLE-H treatments did not
have a significant effect on NH3-N concentration.

Discussion and Conclusion

Olive leaf extract was evaluated for its potential
application as a modifier of rumen fermentation. There is
very limited published information on effects of olive
leaf extract or its major compound oleuropein on
microbial activity in the rumen. In the present study, no
differences were observed between treatments either in
pH or in organic matter degradability. Similarly,
Newbold et al. (13) and Castillejos et al. (6) also reported
that plant essential oil mixtures did not affect rumen pH
and organic matter digestibility. MON changed the VFA
profile as expected, by decreasing acetate and butyrate
productions, increasing propionate production, and
diminishing the ratio of acetate to propionate. These
changes are in concordance with those usually reported
in the literature (23). Shifts in the VFA pattern by olive
leaf extract, on the other hand, were clearly different
from MON treatment. Both OLE-L and OLE-H increased
the daily production of total VFA without affecting the
acetate to propionate ratio. VFA are important energy
substrates for ruminants and approximately 70% of the
metabolizable energy of ruminants has been reported to
be supplied by VFA (21). Total VFA productions have

Table 3. Effects of olive leaf extract and monensin on ruminal fermentation in the Rusitec system
Tablo 3. Zeytin yapragi ekstrakti ve monensinin Rusitec sisteminde ruminal fermantasyona etkileri

Itemn Treatment
CTR MON OLE-L OLE-H

pH 6.75+0.02 6.75+0.01 6.74+0.02 6.73+0.01
Total VFA (mmol/d) 19.27+2.43% 18.30+1.95° 21.08+1.82° 20.13+1.50°

Acetate 10.53£1.24° 8.75+1.58" 11.46+0.93° 10.99+0.78°

Propionate 5.67+0.90° 7.20+1.00° 6.450.62° 6.31+0.59°

Butyrate 3.07+0.35° 2.34+0.33° 3.17+0.31° 2.82+40.32°
C2:C3 1.87+0.11% 1.25+0.33° 1.78+0.07° 1.75+0.07*
Total protozoa (x10°/ml) 3.44+0.88% 0.98+1.27° 3.80+1.16* 2.81+0.84°
NH;-N (mmol/l) 5.9440.63° 5.14+0.68" 6.09+0.70° 5.68+0.41°
OMD (%) 40.71+4.24 39.57+4.99 42.75+4.80 42.16+4.50

Values are means + SD; Means within the same row with different letter (a, b, c) differ (p < 0.05); C2:C3: acetate-to-propionate ratio;

OMD: organic matter degradability
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been reported as lower (2), higher (5), and not different
(4, 6, 13) when plant extracts or plant essential oils were
tested. These differing results may be partially explained
by the experimental conditions of these studies, including
type of diets, plant species and/or their active substances
used, and pH value of rumen fluid. Calsamiglia et al. (3)
reported that effects of plant essential oils are pH- and
diet-dependent, and their use may be beneficial only
under specific conditions.

In the current study, addition of MON and OLE-H
significantly reduced protozoa numbers. Rumen ciliate
protozoa play diverse roles in rumen metabolism and, in
their absence, the numbers of bacteria and starch
degradation increase, and NH;3-N concentration decreases
(19). Monensin reduced the total protozoa count,
consistent with its antiprotozoal effects (10). In
agreement to the present study, Yafiez Ruiz et al. (20)
reported that protozoa concentrations in the rumens of
animals fed olive leaf were lower than in animals fed
standard diets.

MON decreased NH;-N concentration, a wasteful
end-product of protein degradation. MON supplementation
has been reported to inhibit growth and activity of both
rumen protozoa and proteolytic bacteria including
obligate amino acid-fermenting bacteria, thus decreasing
deamination of amino acid and the rate of NH;-N
production in the rumen (12, 19). Wallace et al. (22)
suggested that the anti-microbial properties of plant
essential oils can be exploited to modulate activities of
rumen microbial populations by reducing dietary protein
degradation, thereby enhancing rumen N escape. In the
present study, however, olive leaf extract did not affect
NH;-N concentration, suggesting that at the levels
evaluated; this plant extract had no dramatic impact on
the deaminase activity of rumen microorganisms.

Based on our data, it is reasonable to conclude that
olive leaf extract exerted beneficial effects on some
fermentative processes in the rumen-simulating semi-
continuous culture system (RUSITEC), which may
improve fermentation efficiency in the rumen. Shifts in
the fermentation pattern by olive leaf extract were quite
different from monensin, suggesting that the mode of
action of olive leaf extract is not the same as that of
monensin. In fact, monensin is thought to act primarily
by selective inhibition of Gram-positive bacteria (18),
while olive leaf extract inhibits both Gram-positive and
Gram-negative bacteria (16). Future in vitro and in vivo
researches are required to identify the selection of
optimal dose and types of diets that confer positive
effects of olive leaf extract on microbial population and
fermentation in the rumen.

10.

11.

12.

13.

14.

15.

References
Abaza L, Talorete TPN., Yamada P, Kurita Y, Zarrouk
M, Isoda H (2007): Induction of growth inhibition and
differentiation of human leukemia HL-60 cells by a
Tunisian gerboui olive leaf extract. Biosci Biotechnol
Biochem, 71, 1306-1312.
Busquet M, Calsamiglia S, Ferret A, Kamel C (2006):
Plant extracts affect in vitro rumen microbial fermentation.
J Dairy Sci, 89, 761-771.
Calsamiglia S, Busquet M, Cardozo PW, Castillejos L,
Ferret A (2007): Invited review: essential oils as modifiers
of rumen microbial fermentation. J Dairy Sci, 90, 2580-
2595.
Cardozo PW, Calsamiglia S, Ferret A, Kamel C (2006):
Effects of natural plant extracts at different pH on in vitro
rumen microbial fermentation of a high-concentrate diet
for beef cattle. J Anim Sci, 84, 2801-2808.
Castillejos L, Calsamiglia S, Ferret A, Losa R (2005):
Effects of a specific blend of essential oil compounds and
the type of diet on rumen microbial fermentation and
nutrient flow from a continuous culture system. Anim Feed
Sci Technol, 119, 29-41.
Castillejos L, Calsamiglia S, Ferret A, Losa R (2007):
Effects of dose and adaptation time of a specific blend of
essential oil compounds on rumen fermentation. Anim
Feed Sci Technol, 132, 186-201.
Castillejos L, Calsamiglia S, Martin-Ereso J, Ter
Wijlen H (2008): In vitro evaluation of effects of ten
essential oils at three doses on ruminal fermentation of
high concentrate feedlot-type diets. Anim Feed Sci
Technol, 145, 259-270.
Chaney AL, Marbaeh EP (1962): Modified reagents for
determination of urea and ammonia. Clin Chem, 8, 130-
132.
Czerkawski JW, Breckenridge G (1977): Design and
development of a long-term rumen simulation technique
(Rusitec). Br J Nut, 38, 371-384.
Hino T, Russell JB (1986): Relative contributions of
ruminal bacteria and protozoa to the degradation of
protein in vitro. ] Anim Sci, 64, 261-274.
Korukluoglu M, Sahan Y, Yigit A (2008): Antifungal
properties of olive leaf extracts and their phenolic
compounds. J Food Safety, 28, 76-87.
Martineau R, Benchaar C, Petit HV, Lapierre H,
Ouellet DR, Pellerin D, Berthiaume R (2007): Effects of
lasalocid or monensin supplementation on digestion,
ruminal fermentation, blood metabolites, and milk
production of lactating dairy cows. J Dairy Sci, 90, 5714-
5725.
Newbold C, Mcintosh JFM, Williams P, Losa R,
Wallace RJ (2004): Effects of a specific blend of essential
oil compounds on rumen fermentation. Anim Feed Sci
Technol, 114, 105-112.
Oeztuerk H, Sagmanligil V (2009): Role of live yeasts on
rumen ecosystem. Dtsch Tierarztl Wochenschr, 116, 244-
248.
Oeztuerk H, Emre B, Sagmanligil V, Piskin I, Fidanci
UR, Pekcan M (2010): Effects of nisin and propolis on
ruminal fermentation in vitro. J Anim Vet Adv, 9, 2752-
2758.



16.

17.

18.

19.

20.

21.

Ankara Univ Vet Fak Derg, 59, 2012 21

Pereira AP, Ferreria ICFR, Marcelino F, Valentao P,
Andrade PB, Seabra R, Estevinho L, Bento A, Pereira
JA (2007): Phenolic compounds and antimicrobial activity
of olive (Olea europaea L. Cv. Cobrangosa) leaves.
Molecules, 12, 1153-1162.

Ritchason J (1999): Olive leaf extract, Woodland
publishing, Pleasant Grove, Utah.

Russell JB, Strobel HJ (1989): Mini-Review: The effect of
ionophores on ruminal fermentation. Appl Environ
Microbiol, 55, 1-6.

Veira DM (1986): The role of ciliate protozoa in nutrition
of the ruminant. J Anim Sci, 63, 1547-1560.

Yaiiez Ruiz DR, Martin Garcia AI, Moumen A, Molina
Alcaide E (2004): Ruminal fermentation and degradation
patterns, protozoa population and urinary purine
derivatives excretion in goats and wethers fed diets based
on olive leaves. ] Anim Sci, 82, 3006-3014.

Yang MG, Monoharan K, Mickelsen O (1970):
Nutritional contribution of volatile fatty acids from the
cecum of rats. J Nutr, 100, 545-550.

22.

23.

Wallace RJ, Mcewan NR, Mcintosh FM, Teferedegne
B, Newbold CJ (2002): Natural products as manipulators
of rumen fermentation. Asian-Aust J Anim Sci, 15, 1458-
1468.

Wang Y, Alexander TN, Mcallister TA (2004): In vitro
effects of monensin and Tween 80 on ruminal fermentation
of barley grain:barley silage-based diets for beef cattle.
Anim Feed Sci Technol, 116, 197-209.

Gelis tarihi: 25.01.2011 / Kabul tarihi: 18.04.2011

Address for correspondence:

Dr. Hakan Oztiirk

Ankara University, Faculty of Veterinary Medicine
Department of Physiology

06110 Diskapi — Ankara, Turkey
e-mail:hakan.ozturk@veterinary.ankara.edu.tr




<<
  /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


