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This study evaluated the antibacterial effects of a natural Curcuma xanthorrhiza extract (Xan) on a Strepto-
coccus mutans biofilm by examining the bactericidal activity, inhibition of acidogenesis and morphological
alteration. Xan was obtained from the roots of a medicinal plant in Indonesia, which has shown selective
antibacterial effects on planktonic S. mutans. S. mutans biofilms were formed on slide glass over a 72 h
period and treated with the following compounds for 5, 30, and 60 min: saline, 1% DMSO, 2 mg/ml chlo-
rhexidine (CHX), and 0.1 mg/ml Xan. The Xan group exposed for 5 and 30 min showed significantly fewer
colony forming units (CFU, 57.6 and 97.3%, respectively) than those exposed to 1% DMSO, the negative
control group (P<0.05). These CFU were similar in number to those slides exposed to CHX, the positive
control group. Xan showed similar bactericidal effect to that of CHX but the dose of Xan was one twentieth
that of CHX. In addition, the biofilms treated with Xan and CHX maintained a neutral pH for 4 h, which
indicates that Xan and CHX inhibit acid production. Scanning electron microscopy showed morphological
changes in the cell wall and membrane of the Xan-treated biofilms; an uneven surface and a deformation
in contour. Overall, natural Xan has strong bactericidal activity, inhibitory effects on acidogenesis, and alters
the microstructure of S. mutans biofilm. In conclusion, Xan has potential in anti-S. mutans therapy for the

prevention of dental caries.

Keywords: antibacterial effects, biofilms, Curcuma xanthorrhiza, Streptococcus mutans

Streptococcus mutans is an important microorganism for
early colonization on a tooth surface during the formative
process of dental plaque (Loesche, 1986). The acidogenic
properties of S. mutans with its ability to synthesize extracel-
lular glucans are the major factors for the development and
establishment of cariogenic biofilms (Gamboa et al., 2004).
Various chemical plaque control approaches have been sug-
gested to reduce cariogenic biofilms. Among them chlorhex-
idine (CHX) and triclosan, which are synthetic chemical anti-
microbial agents, are representative materials in oral care
products. Although these compounds have broad and strong
antibacterial characteristics (Ciancio, 2007), they also have
long term side effects, such as intra oral staining and a dis-
turbance of the oral bacterial ecology (Phan and Marquis,
2006). Therefore, there has been increasing attention focused
on the discovery of new compounds without side effects
during long term use. Many studies have focused on applying
natural extracts clinically, such as green tea and oolong tea
(Matsumoto et al., 1999; Maeyama et al., 2005).

This study examined a Curcuma xanthorrhiza extract (Xan)
isolated from the ethyl-acetate fraction of the methanol ex-
tract of Javanese turmeric (Curcuma xanthorrhiza Roxb.),
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which is a medicinal agent in Indonesia. Xanthorrhizol is the
main active component of Xan, and has a variety of phar-
macological activities, such as anti-metastasis (Choi et al.,
2005) and inhibitory effects on nephrotoxicity (Kim et al.,
2005), as well as anti-cancer and anti-inflammatory effects
(Itokawa et al., 1985; Claeson et al., 1993; Claeson et al.,
1996). The bactericidal activity of Xan against several oral
pathogens has also been reported using planktonic and sim-
ple biofilm models (Rukayadi and Hwang, 2006a, 2006b).
Dental plaque is a representative biofilm. Therefore, a bio-
film model that is similar to oral ecology will be needed to
evaluate the antibacterial characteristics of new materials.
A previous study reported that the CHX concentration
needed to inhibit biofilms was 100 times higher than that
of planktonic cells (Shani et al., 2000). Therefore, Xan will
be also needed to evaluate antibacterial characteristics us-
ing more precise biofilm model which would be similar to
oral ecological environment.

Thus, the antibacterial effect of natural Xan on a S. mu-
tans biofilm was evaluated in vitro by examining the bacter-
icidal activity, acidogenesis and morphology.

Materials and Methods

Test compounds
The Curcuma xanthorrhiza extract (Xan) was obtained from
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Table 1. Antibacterial effects of the Curcuma Xanthorrhiza extract against S. mutans biofilms

Exposure time

Test compounds 5 min 30 min 60 min

N CFU (x10°) N CFU (x10°) N CFU (x10°)
Saline 10 29.42+10.50 16 17.98+6.00° 17 11.10+4.14°
1% DMSO 16 28.52+16.02° 19 20.85+7.04" 17 10.77+4.60°
2 mg/ml CHX 17 9.53+5.17° 19 3.63%6.34° 17 0.47+0.28"
0.1 mg/ml Xan 17 12.08+12.14" 19 0.56+0.46" 17 0.15+0.10

CHX is chlorhexidine and Xan means the Curcuma Xanthorrhiza extracts. N indicates the number of samples. The data shown are the Mean=SD. The different
superscripts in the same column indicate statistically significant difference from each group (P<0.05).

Bioproducts Research Center of Yonsei University and iso-
lated from the ethyl acetate fraction of the methanol extract
of Curcuma xanthorrhiza Roxb. (Indonesia) using the method
reported by Hwang et al. (2000a, 2000b). Based on previous
experiments (data not shown), 0.1 mg/ml Xan in 1% di-
methyl sulfoxide (DMSO) was used as the Xan concen-
tration in this study. Two mg/ml CHX (Sigma, USA) was
used as the positive control. Saline and 1% DMSO were
used as negative controls.

Bacterial strain, media, and growth conditions
Streptococcus mutans ATCC 25175 was used in this study.
S. mutans was grown in a tryptone yeast extract broth con-
taining 1% (w/v) sucrose at 37°C and 5% CO.. Biofilms of
S. mutans were formed on standard glass microscope slides
in a 50 ml tube. Each slide was transferred daily to fresh
medium over a 3 day period (Koo et al., 2003). The S. mu-
tans biofilms on each slide contained approximately 2x10’
colony forming units per milliliter.

Measurement of bacterial viability

After exposing the biofilms to the solutions for 5, 30, and
60 min, they were placed in a 50 ml tube containing a sterile
saline solution. The slide glass in the 50 ml tube was ultra-
sonicated at 50 W (Branson Sonic, USA) using 3x10 sec
pulses with 2x5 sec intervals (Koo et al., 2002; Koo et al.,
2003). The suspension was diluted serially from 10" to 107,
and plated on Brain Heart Infusion (BHI) agar. The plates
were incubated in 5% CO; at 37°C for 48 h, and the CFU
were determined by counting the number of colonies.

Measurement of acid production

The level of acid production from the S. mutans biofilms
treated with the compounds was determined by measuring
the pH (Koo et al., 2006). After a 30 min treatment with
the test compounds, the S. mutans biofilms on the slide glass
were transferred to BHI media and incubated in 5% CO,
at 37°C. The pH of the media was measured every hour for
4 h. These assays were repeated at least five times.

SEM and TEM analysis

Scanning electron microscopy (SEM) S-800 (Hitachi, Japan)
was used to examine the changes in the S. mutans mor-
phology. The S. mutans biofilm on the slide glass was treated
with 1% DMSO, 2 mg/ml CHX or 0.1 mg/ml Xan for 30
min. The slide glasses were cut using a sharp diamond knife
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Fig. 1. The killing curve of S. mutans Biofilm by a Curcuma xan-
thorrhiza extract (Xan). After the biofilms had been exposed to
the test solutions for 5, 30, and 60 min, The suspension was plat-
ed on BHI agar and incubated for 48 h. The number of colonies
was counted to determine the CFU.

and fixed in 2% glutaraldehyde in 0.1 M PBS for 1 h at
room temperature. The fixed samples were then dehydrated
for 30 min in a graded series of ethanol, coated with gold
and observed by SEM. Transmission electron microscopy
(TEM) JEM 1011 (JEOL, Japan) was used to examine the
intracellular changes in S. mutans. S. mutans harvested
from the slide surface was fixed and dehydrated. The fixed
cells were embedded, and small blocks of bacteria were cut
using an ultramicrotome (Leica, Austria).

Statistical analysis

The difference between the groups was analyzed by one-
way ANOVA and Scheffe’s post hoc analysis using the
SPSS 12.0 statistical package program (SPSS Inc., USA). A
P value <0.05 was considered significant.

Result

Bactericidal activity of Xan

It was initially determined that Xan has bactericidal activity
on S. mutasn biofilms. The groups treated with 0.1 mg/ml
Xan and 2 mg/ml CHX showed significantly lower numbers
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of surviving S. mutans colony forming units (CFU) than
those of the negative control groups (P<0.05) (Table 1 and
Fig. 1). 0.1 mg/ml Xan exhibited similar bactericidal activity
to 2 mg/ml CHX. The Xan and CHX groups for 5 min
showed 57.6% and 67.6% fewer CFU, respectively, than the
1% DMSO negative control group. The Xan group for 30
min showed greater bactericidal activity (97.3%) than that
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Fig. 2. Acidogenicity of S. mutans biofilms was determined by
measuring the pH of media. After exposure to saline, the S. mu-
tans biofilms were cultured for 4 h in 1% DMSO, 2 mg/ml
Chlorhexidine (CHX) or 0.1 mg/ml Curcuma xanthorrhiza extract
(Xan) for 30 min, and the pH of media was measured.
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of the CHX group exposed for the same time (79.8%). The
Xan group for 60 min showed 98.6% bactericidal activity,
which is higher than the 95.6% observed for the CHX
group for 60 min. These results show that Xan has similar
bactericidal effects against S. mutans biofilms to that of
CHX. However, the concentration of Xan used was one
twentieth of the amounts of CHX used, which shows that
Xan for 30 min has superior bactericidal activity to that of
CHX for the same time (Fig. 1).

Inhibition of acid production

The pH of culture medium was recorded during 4 h after
Xan treatment to determine the effect of Xan on acid
production. The pH patterns of the Xan and CHX groups
were significantly different from those of saline and 1%
DMSO groups after 3 h (P<0.05). Both the Xan and CHX
groups maintained a pH of approximately 7.0 for 4 h
whereas the pH of the saline and 1% DMSO groups de-
creased rapidly from pH 7.0 to pH 6.2 and 5.0 after 3 h and
4 h, respectively. This suggests that 0.1 mg/ml Xan effec-
tively inhibits acid production in the S. mutans biofilms,
which is similar to that of 2 mg/ml CHX (Fig. 2).

Morphological changes in S. mutans biofilms by Xan
The mechanism responsible for the bactericidal activity of
Xan was examined by observing the changes in the mor-
phology of S. mutans by SEM and TEM after treating the
biofilm with 0.1 mg/ml Xan and 2 mg/ml CHX for 30 min.

Fig. 3. SEM images of the S. mutans biofilm after 30 min treatment. (A) 1% DMSO, (B) 2 mg/ml Chlorhexidine (CHX), and (C) 0.1 mg/ml

Curcuma xanthorrhiza extract (Xan).
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Fig. 4. TEM images of the S. mutans biofilm after 30 min treatment. The black arrows indicate the wall of S. mutans. The scale bar is
200 nm. (A) 1% DMSO, (B) 2 mg/ml Chlorhexidine (CHX), and (C) 0.1 mg/ml Curcuma xanthorrhiza extract (Xan).
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Consistent with Table 1, SEM showed fewer intact bacteria
in the Xan and CHX groups for 30 min than in the control
group, and the S. mutans in the Xan and CHX groups for
30 min showed a more defective morphology and intracel-
lular contents than the negative control group (Fig. 3). In
addition, the Xan and CHX groups revealed an irregular cell
wall structure, agglomerated material of debris and fibers,
and fewer cells in chains in contrast to the smooth cell wall
and typical long chains observed in the negative control
groups.

TEM was used to examine the level of cell wall damage
and intracellular modification. After the S. mutans biofilms
had been exposed to 1% DMSO for 30 min as the negative
control, TEM showed an obvious outline of the S. mutans
cell wall and a peptidoglycan layer (Fig. 4A). However, the
peptidoglycan layers of S. mutans in the CHX group had
disappeared completely (Fig. 4B). S. mutans of the Xan
group showed incomplete septa about the outline of the
cell wall. In addition, there was some outflow of the intra-
cellular contents from the bacteria (Fig. 4C). The anti-
bacterial activity of Xan was similar to that of CHX but
there was less injury to S. mutans.

Discussion

Streptococcus mutans (S. mutans) is a Gram-positive, facul-
tative species of anaerobic bacteria that is commonly found
in the human oral cavity and is a significant contributor to
dental caries. S. mutans plays an important role in metabo-
lizing sucrose to lactic acid, which leads to demineralization
of the tooth enamel. In addition, the microbe plays the role
as an early colonizer, which forms dental plaque that sticks
to the teeth. Dental plaque is a representative example of a
biofilm. A biofilm is multicellular aggregation of microor-
ganisms attached to a surface that builds up into a thick layer.
Because of these structural features, the biofilm shows differ-
ent properties compared with planktonic cells. According to
previous studies, a biofilm can better withstand the defensive
acts of the host than planktonic cells and has a higher resist-
ance to antibiotics (Gilbert et al., 1997; Bowden and Hamilton,
1998; Socransky and Haffajee, 2002). Therefore, a biofilm
study is used to evaluate the antibacterial effect of antibiotics
more accurately than a planktonic study. The 96-well plate
method was the biofilm used in a former study to examine
the effects of Xan on a S. mutans biofilm deposited on a
well plate base. On the other hand, the biofilm model in
this study was a biofilm of S. mutans attached to slide glass
which was placed perpendicular to the ground. This is sim-
ulates the process of forming dental plaque without a gravity
effect on the tooth surface. Therefore, the slide glass model
in this study reflects the environment of the oral cavity better
than the 96-well plate method.

According to preceding studies, various natural extracts
were effective in preventive caries. Catechin is the repre-
sentative natural component, which is the main ingredient
of green tea. It was reported that a mouth rinse solution
containing 2 mg/ml of epigallocatechin gallate can inhibit
the acidogenesis of dental plaque (Maeyama et al., 2005).
Although an oolong tea extract was also shown to inhibit
acid production and have antiglucosyltranferase activity, a
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minimum concentration of approximately 1 mg/ml of these
natural extracts was required to produce an antibacterial ef-
fect on S. mutans biofilms (Maeyama et al., 2005). On the
other hand, Xan has excellent antibacterial efficacy against
S. mutans biofilms at relatively lower concentrations (Rukayadi
and Hwang, 2006a, 2006b). The antibacterial effect of Xan
was also superior to those of the other natural extracts,
such as catechin and oolong tea extracts (Matsumoto et al.,
1999; Sasaki et al. 2004; Hirasawa et al., 2006).

There were significantly fewer CFUs of S. mutans in the
group exposed to Xan than in the group exposed to 1%
DMSO (P<0.05). In addition, the biofilm exposed to Xan
maintained a constant pH of 7. This shows that Xan can
stop the additional acid production of S. mutans. This result
is comparable to the antibacterial effect of CHX, which is
to be the most effective antiplaque agent. Therefore, Xan
has potential as an antimicrobial agent in against S. mutans
instead of CHX, which has various side effect in long term
use.

The anticaries metabolism of natural antimicrobial agents
can be classified into 2 mechanisms. One is to destroy the
integrity of the cell wall and the other is to inhibit bacterial
adhesion instead of killing the bacteria. According to the
SEM images in this study, Xan might have destroyed the
cell wall integrity. S. mutans exposed to Xan showed pepti-
doglycan layer damage and an increase in the level of dead
cell debris compared with the control group. TEM indi-
cated that exposure to Xan resulted in partial destruction
of the peptidoglycan layer and leakage of the intracellular
contents. This indicates that the superior antibacterial effect
of Xan might be the result of bacterial peptidoglycan layer
damage. This is similar to previous studies showing that a
grapefruit seed extract is a natural antibacterial material
that can weaken the function of the physiological active en-
zyme in microorganism cells and destroy the cell wall func-
tion (Miele, 1988).

Although the precise biological mechanism of Xan is un-
clear, these results show that it might also disturb or destroy
the peptidoglycan layer. The main active component of Xan
is xanthorrhizol, which consists of phenol and a hydrocarbon
chain. Among these chemical structures, the hydroxyl group
is responsible for the main active antibacterial portion. The
antibacterial effects of xanthorrizol on planktonic S. mutans
almost disappeared when the hydroxyl residue of xanthorrizol
was acetylated during the extraction process (Shim, 2000).
The antibacterial activity of xanthorrhizol is significantly
higher than carvacrol (5-Isopropyl-2-methylphenol), which
is a commercial germicide with a similar chemical structure
to xanthorrhizol differing only in the length of the hydro-
carbon chain (Chami et al., 2005). This indicates that the
—OH and hydrocarbon chain of xanthorrhizol might be es-
sential for its activity.

Because this study only analyzed the antimicrobial effect
of S. mutans, more study will be needed to examine the ef-
fects of Xan on other cariogenic bacteria besides S. mutans.
In addition, because this study was an in vitro examination,
more studies using clinical trials will be needed to determine
its clinical relevance.

This study found that natural Xan has strong bactericidal
activity, inhibits acidogenesis, and alters the microstructure
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of a S. mutans biofilm. In conclusion, Xan might be a useful
anti-S. mutans treatment for preventing dental caries.

Acknowledgements

This study was supported by the Korea Research Foundation
Grant funded by the Korean Government (MOEHRD, Basic
Research Promotion Fund) (KRF-2006-003-331-E00323).

References

Bowden, G.H. and I.LR. Hamilton. 1998. Survival of oral bacteria.
Crit. Rev. Oral Biol. Med. 9, 54-85.

Chami, N., S. Bennis, E. Chami, A. Aboussekhra, and A. Remmal
2005. Study of anticandidal activity of carvacrol and eugenol
in vitro and in vivo. Oral Microbiol. Immunol. 20, 106-111.

Choi, M.A., S.H. Kim, W.Y. Chung, J.K. Hwang, and K.K. Park.
2005. Xanthorrhizol, a natural sesquiterpenoid from Curcuma
xanthorrhiza, has an anti-metastatic potential in experimental
mouse lung metastasis model. Biochem. Biophys. Res. Commun.
326, 210-217.

Ciancio, S.G. 2007. Improving our patients' oral health: the role of
a triclosan/copolymer/fluoride dentifrice. Compend. Contin. Educ.
Dent. 28, 178-183.

Claeson, P, A. Panthong, P. Tuchinda, V. Reutrakul, D. Kanjanapothi,
W.C. Taylor, and T. Santisuk. 1993. Three non-phenolic diary-
lheptanoids with anti-inflammatory activity from Curcuma xan-
thorrhiza. Planta. Med. 59, 451-454.

Claeson, P, U. Pongprayoon, T. Sematong, P. Tuchinada, V. Reutrakul,
P. Soontornsaratune, and W.C. Taylor. 1996. Non-phenolic lin-
ear diarylheptanoids from Curcuma xanthorrhiza: A novel type
of topical anti-inflammatory agents: Structure-activity relation-
ship. Planta. Med. 62, 236-240.

Gamboa, F,, M. Estupinan, and A. Galindo. 2004. Presence of Strep-
tococcus mutans in saliva and its relationship with dental caries:
Antimicrobial susceptibility of the isolates. Universitas Scientia-
rum 9, 23-27.

Gillbert, P, J. Das, and 1. Foley. 1997. Biofilm susceptibility to
antimicrobials. Adv. Dent. Res. 11, 160-167.

Hirasawa, M., K. Takada, and S. Otake. 2006. Inhibition of acid
production in dental plaque bacteria by green tea catechins.
Caries Res. 40, 265-270.

Hwang, J.K., J.S. Shim, N.I. Baek, and Y.R. Pyun. 2000a. Xanthor-
rhizol: a potential antibacterial agent from Curcuma xanthor-
rhiza against Streptococcus mutans. Planta. Med. 66, 196-197.

Hwang, J.K., J.S. Shim, and Y.R. Pyun. 2000b. Antibacterial activ-
ity of xanthorrhizol from Curcuma xanthorrhiza against oral
pathogens. Fitoterapia 71, 321-323.

Itokawa, H., F. Hirayama, K. Funakoshi, and K. Takeya. 1985.
Studies on the antitumor bisabolane sesquiterpenoids isolated
from Curcuma xanthorrhiza. Chem. Pharm. Bull. 33, 3488-3492.

Kim, S.H., K.O. Hong, J.K. Hwang, and K.K. Park. 2005. Xanthor-
rhizol has a potential to attenuate the high dose cisplatin-in-

J. Microbiol.

duced nephrotoxicity in mice. Food Chem. Toxicol. 43, 117-
122.

Koo, H., M.E. Hayacibara, B.D. Schobel, J.A. Cury, PL. Rosalen,
Y.K. Park, A.M. Vacca-Smith, and W.H. Bowen. 2003. Inhibi-
tion of Streptococcus mutans biofilm accumulation and poly-
saccharide production by apigenin and ft-farnesol. J. Antimicrob.
Chemother. 52, 782-789.

Koo, H., S.K. Pearson, K. Scott-Anne, J. Abranches, J.A. Cury,
PL. Rosalen, Y.K. Park, R.E. Marquis, and W.H. Bowen.
2002. Effects of apigenin and #t-farnesol on glucosyltransferase
activity, biofilm viability and caries development in rats. Oral
Microbiol. Immunol. 17, 337-343.

Koo, H., J. Seils, J. Abranches, R.A. Burne, W.H. Bowen, and R.G.
Quivey, Jr. 2006. Influence of apigenin on gtf gene expression
in Streptococcus mutans UA159. Antimicrob. Agents Chemother.
50, 542-546.

Loesche, W.J. 1986. Role of Streptococcus mutans in human dental
decay. Microbiol. Rev. 50, 353-380.

Maeyama, R., LK. Kwon, Y. Mizunoe, J.M. Anderson, M. Tanaka,
and T. Matsuda. 2005. Novel bactericidal surface: Catechin-
loaded surface-erodible polymer prevents biofilm formation. J.
Biomed. Mater. Res. A. 75, 146-155.

Matsumoto, M., T. Minami, H. Sasaki, S. Sobue, S. Hamada, and
T. Ooshima. 1999. Inhibitory effects of oolong tea extract on
caries-inducing properties of mutans streptococci. Caries Res.
33, 441-445.

Miele, W.H. 1988. Efficacy of grapefruit seed extract against Salmo-
nella typhi, Escherichia coli, and Staphylococcus aureus. Micro-
biological food analysis report review and approved by Southern
Testing and Research Laboratories, p. 1-5. Inc. Wilson, N.C.,
USA.

Phan, TN. and R.E. Marquis. 2006. Triclosan inhibition of mem-
brane enzymes and glycolysis of Streptococcus mutans in sus-
pensions and biofilms. Can. J. Microbiol. 52, 977-983.

Rukayadi, Y. and J.K. Hwang. 2006a. Effect of coating the wells of
a polystyrene microtiter plate with xanthorrhizol on the bio-
film formation of Streptococcus mutans. J. Basic. Microbiol. 46,
410-415.

Rukayadi, Y. and J.K. Hwang. 2006b. In vitro activity of xanthor-
rhizol against Streptococcus mutans biofilms. Lett. Appl.
Microbiol. 42, 400-404.

Sasaki, H., M. Matsumoto, T. Tanaka, M. Maeda, M. Nakai, S.
Hamada, and T. Ooshima. 2004. Antibacterial activity of poly-
phenol components in oolong tea extract against Streptococcus
mutans. Caries Res. 38, 2-8.

Shani, S., M. Friedman, and D. Steinberg. 2000. The anticariogenic
effect of amine fluorides on Streptococcus sobrinus and gluco-
syltransferase in biofilms. Caries Res. 34, 260-267.

Shim, J.S. 2000. Antibacterial activity of Xanthorrhizol isolated
from Curcuma xanthorrhiza against oral microorganisms. M.S.
thesis. Yonsei University, Seoul, Korea.

Socransky, S.S. and A.D. Haffajee. 2002. Dental biofilm: difficult
therapeutic targets. Periodontol. 2000. 28, 12-55.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


