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Therapeutic effect of oregano essential oil on subclinical bovine mastitis
caused by Staphylococcus aureus and Escherichia coli
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Abstract : Oregano (Origanum vulgare) is an aromatic herb belonging to the Lamiaceae family. This study evaluated
the therapeutic effect of oregano essential oil (OEO) on clinical bovine mastitis caused by Staphylococcus (S.) aureus
and/or Escherichia (E.) coli. Thirty-two quarters from 18 lactating cows with subclinical mastitis were selected from
a dairy farm and were divided into 4 groups (8 quarters/group): negative control (CON), positive control (GEN) and
two OEO-treated groups (OEO-1 and OEO-2). Each group was intramammarily treated with saline, 10 g/tube of
gentamicin ointment, and single and double doses of 0.9 mL OEO ointment twice a day for three days, respectively.
After the treatments, physical udder conditions were greatly improved in GEN and OEO groups. In CON group, somatic
cell counts (SCCs), number of white blood cells (WBC) and bacteria were increased. However, in OEO groups, SCCs
and number of WBC were significantly decreased and S. aureus and E. coli were not detected in milk as compared
with those before the treatments as well as GEN group. These results suggest that OEO may be a useful alternative
to antibiotics for the control of subclinical bovine mastitis caused by S. aureus and/or E. coli.
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Introduction

Bovine mastitis is an infection of the mammary gland and
is the major illness for dairy ruminants that leads to reduce
milk production, and is often associated with cattle disorders
such as fever and rumen motility [5]. Mastitis-related eco-
nomic losses are due to reduction in yield, increased treat-
ment costs, discarded milk, increase in culling, pharmacologic
costs, and increased labor costs [1]. In the United States, the
economic damage to the dairy industry is approximately 2
billion dollars annually, which has a similar impact in Europe.
Bovine mastitis also carries public health significance in addition
to its economic importance [22].

Bacteria such as Escherichia (E.) coli and Staphylococcus
(S.) aureus are the major causes of bovine mastitis in many
countries. E. coli infections cause clinical bovine mastitis,
which is often accompanied by severe clinical symptoms
including hot and swollen udders, fever, and loss of appetite.
In addition, S. aureus is well recognized as a major pathogen
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responsible for subclinical mastitis in cattle that is caused by
its colonization and internalization in epithelial and endothe-
lial cells of mammary gland [14].

In European countries and United States, 57% of S. aureus
isolates (811 cases) from bovine mastitis showed to be a-lac-
tamase positive [6]. In Korea, over 66% of S. aureus isolates
(402 cases) from bovine mastitis were resistant to penicillin,
and approximately 2.7% of the isolates were resistant to three
or more antibiotics [18]. In recent study, 9 of 27 E. coli iso-
lates from bovine mastitis were resistant to antibiotics such
as ampicillin, neomycin and trimethoprim, and nearly 15% of
the E. coli isolates were resistant to two antibiotics, ampicil-
lin and trimethoprim [9].

Recently, the emergence of multidrug resistance in masti-
tis-causing bacteria has complicated management, preven-
tion and treatment of mastitis [3]. As a result, many researchers
have investigated efficient alternatives to antibiotics for the
treatment of bovine mastitis. These include probiotics [10],
phytobiotics [17], bacteriophages [8] and plant essential oils
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[12, 25].

Essential oils generally regarded as safe show antimicro-
bial proprieties and antibacterial resistance that has not been
reported after prolonged exposure [20]. In previous studies,
oregano essential oil (OEO) displayed antimicrobial activity
against antibiotic-resistant to S. species and multidrug-resis-
tant to E. coli in bovine mastitis [22].

Oregano (Origanum vulgare) is an aromatic herb belong-
ing to the Lamiaceae family, and is commonly found
throughout Asia, Europe, and Northern Africa [26]. In natu-
ral remedies, Oregano is used to treat respiratory and gas-
trointestinal disorders, dyspepsia, painful menstruation, rheu-
matoid arthritis, cholesterolemia and urinary tract disorders
[26]. OEO contains several ingredients, most of which pos-
sess important antioxidant and antimicrobial properties [2].
Carvacrol and thymol which constitute approximately 78—
85% of OEO, are principally responsible for the antibacterial
activity of the oil, and other minor components such as the
monoterpene hydrocarbons y-terpinene and p-cymene also
contribute to its antimicrobial activity [4].

Although previous studies examined the antimicrobial
activity of OEO against pathogenic bacteria originating from
bovine mastitis [20], few studies investigated the medicinal
effect of OEO on bovine mastitis caused by pathogenic bac-
teria. The present study evaluated the therapeutic potential of
OEO on clinical bovine mastitis caused by S. aureus and/or
E. coli.

Materials and Methods

Experimental animals

This study was conducted in a dairy farm located in the
Changwon area of Gyeongsang province, Korea. Thirty-two
quarters from 18 lactating cows with clinical mastitis that had
not been responding to treatment for over one weeks, were
selected for this study. Clinical mastitis was defined as hav-
ing somatic cell counts (SCCs) greater than 2.0 x 10° cells/
mL [21]; and the detection of S. aureus and/or E. coli in milk.
The 32 quarters were divided into negative control (CON; 8
quarters), positive control (GEN; 8 quarters) and two OEO-
treated groups [OEO-1 (8 quarters) and OEO-2 (8 quarters)],
and the somatic cells and bacteria in the milk were counted.

Treatment

CON was treated with saline twice a day for 3 days. GEN
was treated with 10 g/tube of gentamicin ointment (Daesung
Gentamicin Cream; Daesung Microbiological Labs, Korea),
twice a day for 3 days. OEO-1 and OEO-2 had single and
double doses of OEO ointment containing 0.9 mL of OEO
(Eco-Mast 10 mL/tube; Daehan New Pharm, Korea) infused
into the inflamed quarters twice a day for 3 days, respectively.

Observation of udder condition
At the end of the treatment, physical conditions of the
udders were evaluated by visual observation and palpation.

According to the previous study [19], physical changes in the
udders including swelling, redness, pain and heat, were clas-
sified by using a 3-point severity score at the time of enrol-
ment (0 =normal, 1 =mild, 2 =moderate, and 3 = severe).

SCCs in milk

Approximately 10 mL of milk samples were daily col-
lected from each quarter under aseptic conditions into steril-
ized conical tubes before and after the intrammary treatment
of each drug for 3 days. SCCs were determined by using an
automatic cell counter (Somacount; Bentley Instruments, USA).

Enumeration of S. aureus and E. coli in milk

After collection of milk samples from each quarter, milk
samples were diluted 20 times with sterilized distilled water.
Each 0.1 mL of the diluted solution was spread onto CHRO-
Magar Staph aureus (CHROMagar, France) in duplicate to
count S. aureus and CHROMagar E. coli (CHROMagar) in
duplicate to count E. coli. After inoculation, selective media
were incubated at 37°C for 24 h and the typical color colo-
nies (S. aureus, pink; E. coli, blue) were counted and repre-
sented as colony forming units (CFU)/mL.

Analysis of total white blood cells

On 24 h after the last injection of OEO ointment, 5 mL of
blood samples were collected from the tail vein of the dairy
cows. Total white blood cell (WBC) was analyzed using an
automatic blood cell analyzer (Advia 120 hematology ana-
lyzer; Bayer, USA).

Statistical analysis
All results were represented as the mean + SD. Statistical
analyses were performed using SPSS software (ver. 18.0;
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Fig. 1. Change of somatic cell count before ([]) and after ()
intramammary treatment with oregano essential oil (OEO) in
cattle with mastitis. Negative control (CON) treated with saline;
positive control (GEN) treated with 10 g/tube of gentamicin
ointment twice a day for 3 days; single (OEO-1) and double (OEO-
2) doses of 0.9 mL OEO ointment twice a day for three days.
Asterisks (**) indicate p < 0.01 compared to before treatment.
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Table 1. Udder conditions before and after oregano essential oil (OEO) treatments

Treatment
Groups Conditions Before After*
0 1 2 3 0 1 2 3
Swelling 4 3 1 0 3 3 2 0
R 1 1 4 2 2
CON e'dness 6 0 0
Pain 6 2 0 0 5 2 1 0
Heat 6 1 1 0 4 2 2 0
Swelling 5 2 1 0 5 3 0 0
GEN Redness 6 1 1 0 8 0 0 0
Pain 7 1 0 0 8 0 0 0
Heat 7 1 0 0 8 0 0 0
Swelling 5 2 1 0 4 4 0 0
OEO-1 Redness 7 1 0 0 8 0 0 0
i Pain 7 1 0 0 8 0 0 0
Heat 7 1 0 0 8 0 0 0
Swelling 4 3 1 0 6 2 0 0
EOL2 Redness 6 1 1 0 8 0 0 0
OEO- Pain 7 1 0 0 8 0 0 0
Heat 6 1 1 0 8 0 0 0
*Severity on 24 h after the last treatment of drug. 70, normal; 1, mild; 2, moderate; 3, severe.
Table 2. Change in counts of Staphylococcus (S.) aureus and Escherichia (E.) coli in milk
Treatment
Groups Bacteria
Before After*
CON S. aureus (CFU/mL) 496 + 57 540 + 72
E. coli (x10*> CFU/mL) 422+38 45.1+42
GEN S. aureus (CFU/mL) 517456 ND
E. coli (x10* CFU/mL) 452+5.1 ND
OEO-1 S. aureus (CFU/mL) 513+£48 ND
E. coli (x10* CFU/mL) 494+44 ND
OEO-2 S. aureus (CFU/mL) 527+ 62 ND
E. coli (x10° CFU/mL) 51.3+49 ND

Values are expressed as mean = SD from three independent experiments. *24-h after the last treatment of drug. ND, not detected.

SPSS, USA). Data were analyzed using one-way analysis of
variance (ANOVA), followed by Student’s two tailed #-test.
The value of p <0.05 or p<0.01 was used as the criterion
for statistical significance.

Results

Udder conditions

Changes in physical conditions of the udders are presented
in Table 1. After saline treatment, moderate swelling, red-
ness, pain and heat of udders were observed in 2, 2, 1 and 2
quarters of CON group, respectively. However, only mild
swelling of udders was observed in 3 quarters of GEN group,
4 quarters of OEO-1 group, and 2 quarters of OEO-2 group.

Change of SCCs in milk

The changes of SCCs in milk are shown in Fig. 1. In CON,
SCCs after treatment were slightly higher than those before
treatment. However, these differences were not significant. In
GEN, OEO-1 and OEO-2, SCCs were significantly decreased
compared with those before treatment (p < 0.01). There were
no significant differences among GEN and OEO groups.

Changes of bacterial numbers in milk

The numbers of S. aureus and E. coli in milk are pre-
sented in Table 2. Although in CON group, the numbers of S.
aureus and E. coli in milk were increased on 24 h after saline
treatment for 3 days, there were no significant differences
between before and after the treatment. In GEN, OEO-1 and
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Table 3. Change of total white blood cells in blood samples

Treatment
Groups
Before After*
CON 9.64 + 0.47 9.71 +£0.45
GEN 9.72 +0.53 7.71 £ 0.39"
OEO-1 9.57+0.50 8.07 £ 0.36"
OEO-2 9.68 £ 0.57 7.78 + 0.41°

Values are expressed as mean + SD from three independent exper-
iments. *24-h after treatment. fvs. before treatment at p < 0.05.

OEO-2 groups, S. aureus and E. coli were not detected in the
milk on the fourth day after the treatment for 3 days.

Changes of total WBC numbers

The number of total WBC in the blood samples is shown
in Table 3. In CON group, WBC numbers after saline treat-
ment for 3 days were slightly increased compared with those
before the treatment. However, WBC numbers in GEN,
OEO-1 and OEO-2 groups after each treatment for 3 days,
were significantly decreased compared with those before the
treatment (p < 0.05).

Discussion

At the first time, this study carried out the application of
OEO known as antibacterial activity to treat bacterial bovine
mastitis and identified OEO as a potential candidate for the
control of bovine mastitis.

The antibacterial mechanism of OEO activity against bovine
mastitis caused by bacteria was to induce an increase in bac-
terial membrane permeability, which further affects pH homeo-
stasis and the equilibrium of inorganic ions [16]. Eventually, the
phenolic compounds of OEO inhibit the growth of bacteria
by altering the bacterial cell surface, which may inhibit the
adhesion of bacteria to mammary epithelial cells [24].

SCCs have been used as an indicator of bovine mastitis in
dairy cows in order to estimate the therapeutic effects for the
mastitis [29]. Quarter SCCs below 2 x 10° cells/mL are con-
sidered as healthy udder for most practical purposes [21]. In
the previous study, SCCs of quarters with mastitis were
reduced to near normal levels (ca. 2 x 10° cells/mL) after the
intramammary treatment with Linum usitatissimum fixed oil
(2.5 mL/udder) once a day for 7 days, but total SCCs in all
treated-quarters were slightly higher than normal levels [12].
After intramammary infusion of nisin (18,000 IlU/mg) at a
dose of 2,500,000 IU once daily for 3 days, the number of
mammary quarters with SCCs greater than 5.0 x 10° cells/
mL was significantly decreased, but SCCs in all quarters
treated with nisin were above normal levels [28]. On the
other hand, SCCs in quarters inoculated once with 105 CFU/
mL of Lactobacillus perolens CRL 1724 decreased to the
control value (2 x 10° cells/mL) at day 5 post-treatment [10].
When considering the dosage and infusion times, in the

present study, SCCs in OEO-1 group treated with single dose
of 0.9 mL OEO twice a day for 3 days were dropped to nor-
mal levels on 24 h after the last treatment, indicating that
OEO has a therapeutic effect greater than those used in the
previous studies.

Nowadays, conventional treatments against bovine masti-
tis still use antibiotic therapy, although alternatives including
herbal and homeopathic approaches are becoming more pop-
ular [11]. After treatment with 125 mg of ceftiofur hydro-
chloride once a day for 8 days, bacteriological cure after 21
days was 47.4% (9/19) for S. aureus [27]. Additionally, bac-
teriological cure rates for bovine mastitis intramammarily
administered with 75 mg of cefquinome three times at 16-h
intervals were 66.7% (2/3) for S. aureus and 77.4% (5/7) for
coliforms [13]. In contrast, bacteria were eliminated from the
E. coli challenged- quarters of cows treated with enrofloxa-
cin (5 mg/kg first intravenously 12-h post-challenge, then
twice subcutaneously 36- and 60-h post-challenge) within 3.8
days, and from cows treated with 1.5 g of lactoferrin within
5.8 days [15]. In the present study, bacteriological cures in
OEO-1 on 24 h post-treatment were 100% for both S. aureus
and E. coli, which suggests that OEO can be used as an alter-
native treatment for clinical bovine mastitis caused by S.
aureus and/or E. coli because OEO has higher bacteriologic
cure rates than those antibiotics used in the previous studies.

Somatic cells are mainly milk-secreting epithelial cells that
have been shed from the lining of the gland and WBC has
entered the mammary gland in response to injury or infec-
tion [23]. Mastitis is generally accompanied by a huge influx
of leukocytes into the infected udder with secretion of
inflammatory mediators into the milk compartment. Follow-
ing infection of the udder with pathogenic organisms, WBC
increases in the blood of the cow, and SCCs in the milk also
increase [7]. In the present study, after infection with patho-
genic bacteria in the udder, both WBC in blood and SCCs in
milk increased compared with those before infection, which
coincides with similar findings in previous studies [7, 22].
However, in OEO groups, SCCs and number of WBC were
significantly decreased as compared with those before the
treatments as well as GEN group.

In conclusion, results from this study suggest that OEO
may be a useful alternative to antibiotics for the control of
bovine mastitis caused by S. aureus and/or E. coli.

Acknowledgments

This research was supported by Dachan New Pharm Co.
Ltd. in Seoul, Korea.

References

1. Ballou MA. Growth and development symposium: inflam-
mation: role in the etiology and pathophysiology of clinical
mastitis in dairy cows. J Anim Sci 2012, 90, 1466-1478.

2. Baratta MT, Dorman HJD, Deans SG, Biondi DM,
Ruberto G Chemical composition, antimicrobial and



10.

11.

12.

13.

14.

Effect of oregano essential oil

antioxidative activity of laurel, sage, rosemary, oregano and
coriander essential oils. J Essent Oil Res 1998, 10, 618-
627.

. Bhasme PC, Kurjogi MM, Sanakal RD, Kaliwal RB,

Kaliwal BB. In silico characterization of putative drug
targets in Staphylococcus saprophyticus, causing bovine
mastitis. Bioinformation 2013, 9, 339-344.

. Burt S. Essential oils: their antibacterial properties and

potential applications in foods-a review. Int J Food Microbiol
2004, 94, 223-253.

. Cardozo VF, Lancheros CAC, Narciso AM, Valereto

ECS, Kobayashi RKT, Seabra AB, Nakazato G. Evaluation
of antibacterial activity of nitric oxide-releasing polymeric
particles against Staphylococcus aureus and Escherichia coli
from bovine mastitis. Int J Pharm 2014, 473, 20-29.

. De Oliveira AP, Watts JL, Salmon SA, Aarestrup FM.

Antimicrobial susceptibility of Staphylococcus aureus isolated
from bovine mastitis in Europe and the United States. J
Dairy Sci 2000, 83, 855-862.

. De UK, Mukherjee R. Dynamics of milk leukocytes in

response to a biological response modifier during bovine
subclinical mastitis. Res Vet Sci 2013, 95, 352-357.

. Dias RS, Eller MR, Duarte VS, Pereira AL, Silva CC,

Mantovani HC, Oliveira LL, Silva E de A, De Paula
SO. Use of phages against antibiotic-resistant Staphylococcus
aureus isolated from bovine mastitis. J Anim Sci 2013, 91,
3930-3939.

. Fernandes JBC, Zanardo LG, Galvio NN, Carvalho IA,

Nero LA, Moreira MAS. Escherichia coli from clinical
mastitis: serotypes and virulence factors. J Vet Diagn Invest
2011, 23, 1146-1152.

Frola ID, Pellegrino MS, Espeche MC, Giraudo JA,
Nader-Macias ME, Bogni CI. Effects of intramammary
inoculation of Lactobacillus perolens CRL1724 in lactating
cows’ udders. J Dairy Res 2012, 79, 84-92.

Hillerton JE, Berry EA. Treating mastitis in the cow — a
tradition or an archaism. J Appl Microbiol 2005, 98, 1250-
1255.

Kaithwas G, Mukerjee A, Kumar P, Majumdar DK.
Linum usitatissimum (linseed/flaxseed) fixed oil: antimicrobial
activity and efficacy in bovine mastitis. Inflammopharmaco-
logy 2011, 19, 45-52.

Kasravi R, Bolourchi M, Farzaneh N, Seifi HA, Barin
A, Hovareshti P, Gharagozlou F. Efficacy of conventional
and extended intra-mammary treatment of persistent sub-
clinical mastitis with cefquinome in lactating dairy cows.
Trop Anim Health Prod 2011, 43, 1203-1210.

Kim DH, Lim JJ, Lee JJ, Kim DG, Chang HH, Lee SJ,
Lee YB, Chang DI, Lee HJ, Min WG, Kim SH, Oh
KY, Kim S. Dehydrating and bacterial elimination effects
of fecal dehydrating system for reducing bovine mastitis
derived from environmental contamination. Korean J Vet
Res 2009, 49, 257-263.

. Kutila T, Suojala L, Lehtolainen T, Saloniemi H,

Kaartinen L, Tihti M, Seppili K, Pyorild S. The
efficacy of bovine lactoferrin in the treatment of cows with
experimentally induced Escherichia coli mastitis. J Vet
Pharmacol Ther 2004, 27, 197-202.

. Lambert RJW, Skandamis PN, Coote PJ, Nychas GJE.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

on bovine mastitis 257

A study of the minimum inhibitory concentration and mode
of action of oregano essential oil, thymol and carvacrol. J
Appl Microbiol 2001, 91, 453-462.

Li L, Zhang Z. Isolation and characterization of a virulent
bacteriophage SPW specific for Staphylococcus aureus isolated
from bovine mastitis of lactating dairy cattle. Mol Biol Rep
2014, 41, 5829-5838.

Nam HM, Lee AL, Jung SC, Kim MN, Jang GC, Wee
SH, Lim SK. Antimicrobial susceptibility of Staphylococcus
aureus and characterization of methicillin-resistant Staphylo-
coccus aureus isolated from bovine mastitis in Korea.
Foodborne Pathog Dis 2011, 8, 231-238.

Oliver SP, Headrick SI, Lewis MJ, Gillespie BE,
Johnson DL, Almeida RA. Experimental intramammary
infection with a strain of Escherichia coli isolated from a
cow with persistent E. coli mastitis. Open J Vet Med 2012,
2, 186-190.

Pozzo MD, Loreto ES, Santurio DF, Alves SH, Rossatto
L, de Vargas AC, Viegas J, da Costa MM. Antibacterial
activity of essential oil of cinnamon and trans-cinnamalde-
hyde against Staphylococcus spp. isolated from clinical
mastitis of cattle and goats. Acta Sci Vet 2012, 40, 1080.
Schukken YH, Wilson DJ, Welcome F, Garrison-
Tikofsky L, Gonzalez RN. Monitoring udder health and
milk quality using somatic cell counts. Vet Res 2003, 34,
579-596.

Sharma N, Jeong DK. Stem cell research: a novel boulevard
towards improved bovine mastitis management. Int J Biol
Sci 2013, 9, 818-829.

Sharma N, Singh NK, Bhadwal MS. Relationship of
somatic cell count and mastitis: an overview. Asian-Australas
J Anim Sci 2011, 24, 429-438.

Souza EL, Oliveira CEV, Stamford TLM, Conceicio
ML, Gomes Neto NJ. Influence of carvacrol and thymol
on the physiological attributes, enterotoxin production and
surface characteristics of Staphylococcus aureus strains isolated
from foods. Braz J Microbiol 2013, 44, 29-35.

Taga I, Lan CQ, Altosaar I. Plant essential oils and
mastitis disease: their potential inhibitory effects on pro-
inflammatory cytokine production in response to bacteria
related inflammation. Nat Prod Commun 2012, 7, 675-682.
Teixeira B, Marques A, Ramos C, Serrano C, Matos O,
Neng NR, Nogueira JMF, Saraiva JA, Nunes ML.
Chemical composition and bioactivity of different oregano
(Origanum vulgare) extracts and essential oil. J Sci Food
Agric 2013, 93, 2707-2714.

Truchetti G, Bouchard E, Descoteaux L, Scholl D, Roy
JP. Efficacy of extended intramammary ceftiofur therapy
against mild to moderate clinical mastitis in Holstein dairy
cows: a randomized clinical trial. Can J Vet Res 2014, 78,
31-37.

Wu J, Hu S, Cao L. Therapeutic effect of nisin Z on
subclinical mastitis in lactating cows. Antimicrob Agents
Chemother 2007, 51, 3131-3135.

Zhen YH, Jin LJ, Li XY, Guo J, Li Z, Zhang BJ, Fang
R, Xu YP. Efficacy of specific egg yolk immunoglobulin
(IgY) to bovine mastitis caused by Staphylococcus aureus.
Vet Microbiol 2009, 133, 317-322.




<<
  /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


