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Abstract We have isolated 4 antibacterial substances that
were active against the oral bacteria that cause dental caries
and periodontitis, such as Streptococcus mutans, Prevotella
intermedia, and Porphyromonas gingivalis, from lemon
peel, a waste product in the citrus industry. The isolated
substances were identified as 8-geranyloxypsolaren, 5-
geranyloxypsolaren, 5-geranyloxy-7-methoxycoumarin,
and phloroglucinol 1-β-D-glucopyranoside (phlorin) upon
structural analyses. Among these, 8-Geranyloxypsolaren, 5-
geranyloxypsolaren, and 5-geranyloxy-7-methoxycoumarin
exhibited high antibacterial activity. These 3 compounds
were effectively extracted using ethanol and n-hexane,
whereas phlorin was extracted with water. Further, the
above 3 compounds were present in lemon essential oil and
abundantly present in the residue produced upon the
cooling treatment of concentrated lemon essential oil.
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Introduction

Pathogenic bacteria can cause dental caries (e.g., Strep-
tococcus mutans) and periodontitis (e.g., Prevotella

intermedia and Porphyromonas gingivalis). Inhibition of
the growth of these bacteria is considered one of the most
important factors for the prevention and treatment of these
oral diseases (Takahashi and Schachtele 1990). Polyphe-
nols in foods such as red grape skins and green tea
reportedly inhibit the growth of the oral bacteria that
cause dental caries and periodontitis (Kakuda et al. 1994;
Smullen et al. 2007). Antibacterial substances in func-
tional foods have been investigated from a practical
standpoint.

Citrus fruits such as orange, lemon, and lime, have been
cultured widely and processed into juice (Olaniyan 2010).
During the manufacture of citrus juice, citrus peels are
discarded as waste products. Lemon peel is a useful source
of flavonoids, which have high antioxidative activity;
pectin; and essential oil; further, it is expected to contain
other functional compounds (Miyake et al. 1997). In this
study, we attempted to isolate antibacterial substances from
lemon peel that were active against oral bacteria that cause
dental caries and periodontitis. We attempted also to
examine for the condition of effective extraction for the
active substances.

Materials and methods

Microorganisms Streptococcus mutans ATCC7270, Prevo-
tella intermedia, and Porphyromonas gingivalis 381, which
were isolated from the human buccal capsule, were
supplied by Dr. T. Noguchi, Department of Periodontology,
School of Dentistry, Aichi Gakuin University, Nagoya,
Japan.

Isolation of substances from methanol extracts To extract
of the antibacterial substances, 1 kg lemon peel was treated
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with 1 l methanol at room temperature for 3 days. The
extract thus obtained was applied to a Cosmosil 75 C 18-
OPN ODS column (Nacalai Tesque Inc., Kyoto, Japan;
column size: φ37×500 mm). The column was washed with
2 l water and successively eluted with 2 l methanol. The
compounds in the concentrated eluate were isolated using
preparative HPLC and assayed for antibacterial activity
against oral bacteria. Preparative HPLC was conducted
using the following: column, Shim-pack PREP ODS (L)
(Shimadzu Co. Ltd., Kyoto, Japan; φ15×250 mm)
equipped with a UV detector (280 nm); elution solvent,
methanol and water (linear gradient, from 0% to 100%
methanol in 60 min); and flow rate, 10 ml/min.

Identification of the antimicrobial compounds The isolated
compounds were identified by instrumental analysis. UV
absorption spectra were recorded on a spectrophotometer
(HITACHI U-2000), and IR spectra were recorded on an
FT/IR-8200RC (Shimadzu Co. Ltd., Japan). Fast atom
bombardment mass spectra (FAB-MS) were recorded on a
JEOL JMS-DX-705 L column. 1H NMR and 13C NMR
spectra were obtained using a JEOL JNM-EX-400 NMR
instrument (400 MHz for 1H and 100 MHz for 13C).

Antibacterial assay Streptococcus mutans was cultured
anaerobically in BHI medium (Brain-Heart Infusion medi-
um, Nissui Pharmaceutical Co. Ltd., Tokyo, Japan) in a Gas
Pak anaerobic jar (BBL, Cockeysville, MD) at 37 °C, and
Prevotella intermedia and Porphyromonas gingivalis were
cultured anaerobically in the GAM (Gifu Anaerobic
Medium) broth medium (Nissui Pharmaceutical Co. Ltd.)
under the same conditions. Each bacterium was inoculated
into the medium at a density of 105 cells/ml, and the
minimum inhibitory concentration (MIC) of the substances
isolated from lemon peel was determined using the tube-
dilution technique (Sakanaka et al. 1989).

Determination of antibacterial substances Freeze-dried
lemon peel powder (0.5 g) was mixed with 10 ml each of
water, ethanol, and n-hexane and subjected to ultrasonic
treatment for 20 min. The amount of the isolated antibac-
terial compounds in the resultant solutions was determined
using HPLC. Lemon essential oil (Aruba Co. Ltd., Sapporo,
Japan; production in USA) was concentrated to one-fifth its
volume under reducing pressure in order to remove volatile
substances and then cooled to −30 °C for 7 days. The
concentrated solution was centrifuged at 20,627g for
15 min, and the pellet was dissolved in n-hexane and
analyzed using HPLC. HPLC (LC-10A, Shimadzu Co.,
Ltd., Kyoto, Japan) was conducted using a Shim-pack
CLC-ODS (M) column (φ4.6×150 mm, 5 μm) equipped
with a UV detector (280 nm) at 40 °C and a flow rate of
1.0 ml/min. The elution solvent for the determination of 8-

geranyloxypsolaren, 5-geranyloxypsolaren, and 5-
geranyloxy-7-methoxycoumarin was 90% methanol and
10% water, and that for phlorin was 2% methanol and
98% water.

Statistical analysis The amount of antibacterial substances
in the extracts obtained using each solvent was expressed as
the mean±SD (N=4). Statistical analysis was conducted
using two-way ANOVA followed by the Fisher PLSD test
in order to identify significant differences. A 5% signifi-
cance level (P<0.05) was used.

Results and discussion

Isolation and identification of antibacterial substances Three
compounds were isolated from the hydrophobic fraction of
lemon peel extract and identified as 8-geranyloxypsolaren,
5-geranyloxypsolaren, and 5-geranyloxy-7-methoxycou-
marin by MS, 1H-NMR, and 13C-NMR analyses (Fig. 1).
The data of structural analyses of 8-geranyloxypsolaren
were shown as follows. UV (MeOH) nm: λmax 213,
250, 264, 300. IR (KBr) cm-1: 1720, 1624, 1448, 1152.
1H-NMR (d-DMSO, 400 MHz) δ: 1.56 (3 H, s, H9'), 1.64
(3 H, s, H10'), 1.69 (3 H, bs, H4'), 2.01 (2 H, m, H5'), 4.99
(1 H, m, H7'), 5.03 (2 H, d, J=7.0, H1'), 5.60 (1 H, dt, J=
7.0 & 1.0, H2'), 6.37 (1 H, d, J=9.5, H3), 6.81 (1 H, d, J=
2.5, H6), 7.36 (1 H, s, H5), 7.69 (1 H, d, J=2.5, H7), 7.76
(1 H, d, J=9.5, H4), 2.01 (2 H, m, H6'). 13C-NMR (d-
DMSO, 100 MHz) δ: 16.51(C4'), 17.62(C9'), 25.62(C10'),
26.32(C6'), 39.54(C5'), 70.06(C1'), 106.70(C6), 113.18
(C5), 114.68 (C3), 116.45(C10), 119.41(C2'), 123.74(C7'),
125.80(C11), 131.55(C3'), 131.69(C8'), 143.12(C8),
143.93(C9), 144.31(C4), 146.58(C7), 148.74(C12). FAB-
MS (MH+) m/z:339 (C21H22O4). Yield: 5.6 mg. The data
of structural analyses of 5-Geranyloxypsolaren were
shown as follows. UV (MeOH) nm: λmax 213, 250, 258,
267, 304. IR (KBr) cm-1: 1720, 1624, 1448, 1152. 1H-
NMR (d-DMSO, 400 MHz) δ: 1.60 (3 H, s, H9'), 1.68
(3 H, s, H10'), 1.69 (3 H, d, J=1.0, H4'), 2.10 (2 H, m,
H5'), 2.10 (2 H, m, H6'), 4.95 (2 H, d, J=7.0, H1'), 5.07
(1 H, m, H7'), 5.54 (1 H, tq, J=7.0 & 1.0, H2'), 6.28 (1 H,
d, J=9.5, H3), 6.96 (1 H, dd, J=2.5 & 1.0, H6), 7.16 (1 H,
bs, H8), 7.60 (1 H, d, J=2.5, H7), 8.17 (1 H, dd, J=9.5 &
0.5, H4). 13C-NMR (d-DMSO, 100 MHz) δ: 16.65(C4'),
17.68(C9'), 25.65(C10'), 26.19(C6'), 39.47(C5'), 69.73
(C1'), 94.19(C8), 105.05(C6), 107.48(C10), 112.52(C3),
114.17(C11), 118.84(C2'), 123.47(C7'), 130.00(C8'),
139.59(C4), 143.02(C3 '), 144.85(C7), 148.95(C5),
152.63(C9), 158.10(C12). FAB-MS (MH+) m/z:339
(C21H22O4). Yield: 3.8 mg. The data of structural analyses
of 5-Geranyloxy-7-methoxycoumarin were shown as
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follows. UV (MeOH) nm: λmax 213, 247, 255, 318. IR (KBr)
cm-1: 1740, 1608, 1440, 1160. 1H-NMR (d-DMSO,
400 MHz) δ: 8.01 (1 H, dd, J=9.5 & 0.5, H4), 6.41 (1 H,
dd, J=2.0 & 0.5, H8), 6.29 (1 H, d, J=2.0, H6), 6.15 (1 H, d,
J=9.5, H3), 5.48 (1 H, tq, J=6.5 & 1.0, H2'), 5.09 (1 H, m,
H7'), 4.60 (2 H, d, J=6.5, H1'), 3.85 (3 H, s, OCH3), 2.12
(2 H, m, H5'), 2.12 (2 H, m, H6'), 1.75 (3 H, bs, H4'), 1.68
(3 H, s, H10'), 1.61 (3 H, s, H9'). 13C-NMR (d-DMSO,
100 MHz) δ: 16.65(C4'), 17.68(C9'), 25.65(C10'), 26.19
(C6'), 39.47(C5'), 55.74(OCH3), 69.73(C1'), 94.19(C8),
107.48(C10), 112.52(C3), 114.17(C6), 118.84(C2'), 123.47
(C7'), 130.00(C8'), 139.59(C4), 143.02(C3'), 148.95(C5),
152.63(C9), 158.10(C7). FAB-MS (MH+) m/z:329
(C20H24O4). Yield: 8.8 mg. The spectral properties of the
isolated compounds were consistent with those described in
the literature (Dreyer and Huey 1973; Herpol-Borremans et
al. 1985; Chang et al. 1997; Murakami et al. 1999).

One antibacterial compound was isolated from the
hydrophilic fraction of lemon peel extract and identified
as phloroglucinol 1-β-D-glucopyranoside (phlorin) on the
basis of MS, 1H-NMR, and 13C-NMR spectral data (Fig. 1).
The data of structural analyses of phloroglucinol 1-β-D-
glucopyranoside (phlorin) were shown as follows. UV
(MeOH) nm: λmax 268, 233, 191. IR (KBr) cm-1: 1613,
3399. 1H-NMR (CD3OD, 400 MHz) δ: 3.71 (dd, J=12.0,
4.8, C-6'α), 3.83 (dd, J=12.0, 1.6, C-6'β), 5.95 (t, J=2.1,
C-4), 6.08 (2 H, d, J=2.2 Hz, C-2), 6.08 (2 H, d, J=2.2 Hz,
C-6). 13C-NMR (CD3OD, 100 MHz) δ: 62.5 (C-6'), 71.3
(C-4'), 74.8 (C-2'), 78.0 (C-3'), 78.1 (C-5'), 96.7 (C2), 96.7
(C6), 98.0 (C4), 102.1 (C-1'), 160.1 (C3), 160.1 (C5), 160.9
(C1). FAB-MS (MH+) m/z: 289 (C12H16O8). Yield:
10.2 mg. The 1H-NMR and 13C-NMR spectral data of the
isolated compound were consistent with those previously
reported (Foo and Karchesy 1989). In the present study, 4
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Fig. 1 Chemical structures of antibacterial substances isolated from lemon peel

Substances isolated from lemon peel Minimum inhibitory concentration (mM)

S. mutans P. Intermedia P. gingivalis

8-Geranyloxypsolaren 0.15 0.30 0.30

5-Geranyloxypsolaren 0.15 0.30 0.15

5-Geranyloxy-7-methoxycoumarin 0.30 0.30 0.45

Phlorin 3.50 0.90 3.50

Table 1 Minimum inhibitory
concentrations (MICs; mM) of
the substances that were isolated
from lemon peel and showed
activity against oral bacteria
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compounds with activity against oral bacteria were isolated
from lemon peel.

Activity against oral bacteria The 4 isolated compounds were
examined for activity against Streptococcus mutans, Prevo-
tella intermedia, and Porphyromonas gingivalis (Table 1).
The antibacterial activity of 8-geranyloxypsolaren, 5-
geranyloxypsolaren, and 5-geranyloxy-7-methoxycoumarin
was higher than that of phlorin. Coumarin and psoralen
derivatives obtained from plants have been reported to
possess antibacterial activity (Céspedes et al. 2006). 7-
Geranyloxycoumarin, isolated from the oil of hassaku
(Citrus hassaku), has been reported to show activity against
bacteria such as Bacillus subtilis (Nakatani et al. 1987).
However, 8-geranyloxypsolaren, 5-geranyloxypsolaren,
and 5-geranyloxy-7-methoxycoumarin have never before
been reported to show any antibacterial activity. Phlorin
exhibited antibacterial activity against Prevotella inter-
media and weak antibacterial activity against Streptococ-
cus mutans and Porphyromonas gingivalis. The present
study is the first to report that the above 4 compounds
isolated from lemon peel exhibit activity against oral
bacteria.

Extraction of antibacterial substances from lemon
peel Water, ethanol, and n-hexane were used as extraction
solvents for food materials. The amount of the 4 com-
pounds extracted from lemon peel by using each of these
solvents was determined (Table 2). Because of their
hydrophobic properties, 8-geranyloxypsolaren, 5-
geranyloxypsolaren, and 5-geranyloxy-7-methoxycoumarin
were effectively extracted with ethanol and n-hexane but
not water. Ethanol was superior to n-hexane as an
extraction solvent for the above compounds. Phlorin was

effectively extracted from lemon peel by using water
because of its hydrophilic property. Phlorin is a major
phenolic constituent of molasses, which are by-products
generated during citrus fruit processing (Fisher and Trama
1979; Manthey and Grohmann 2001). The results of the
present study suggest that phlorin may be effectively
extracted from molasses.

The substances of 8-geranyloxypsolaren, 5-
geranyloxypsolaren, and 5-geranyloxy-7-methoxycoumarin
are the main coumarin derivatives isolated from lemon peel
(Stanley and Jurd 1971; Fisher and Trama 1979). These 3
compounds were detected in lemon essential oil and were
present in abundant amounts in the residue obtained upon
cooling treatment of the concentrated oil (Table 3). The
removal of residue produced upon the cooling treatment of
essential oil is known as “wintering” and is a part of the
purification process during the manufacture of high-quality
oil. The residue (by-product) produced during the wintering
of lemon essential oil possibly consists of 8-
geranyloxypsolaren, 5-geranyloxypsolaren, and 5-
geranyloxy-7-methoxycoumarin.

Conclusion

In this study, 8-geranyloxypsolaren, 5-geranyloxypsolaren,
5-geranyloxy-7-methoxycoumarin, and phlorin were isolat-
ed from lemon peel and found to be active against oral
bacteria. Therefore, these compounds may be used in oral
care materials; further, the development of such materials
will enable the effective utilization of by-products produced
in the citrus industry, such as molasses or the residue of
lemon essential oil.

Substances isolated from lemon peel Concentration of the antimicrobial substance (μg/ml)

Water Ethanol n-Hexane

8-Geranyloxypsolaren 0a 207±15.1b 161±4.9c

5-Geranyloxypsolaren 0a 108±9.5b 97.2±3.0c

5-Geranyloxy-7-methoxycoumarin 0a 121±14.9b 101±3.0b

Phlorin 709±39.9a 16.0±4.7b 0c

Table 2 Concentrations of anti-
bacterial substances isolated
from lemon peel by using dif-
ferent extraction solvents

The results are the mean±SD of
3 replicates. Means with com-
mon letters (a–c ) within a column
are not significantly different (P<
0.05, LSD test)

Substances isolated from lemon peel Concentration of the antimicrobial substance

Lemon essential oil (μg/ml) Lemon essential oil residue (μg/g)

8-Geranyloxypsolaren 333±36 1,911±39

5-Geranyloxypsolaren 550±18 5,761±163

5-Geranyloxy-7-methoxycoumarin 502±43 5,376±149

Phlorin 0 0

Table 3 Concentrations of anti-
bacterial substances in lemon
essential oil and the residue
produced upon cooling treat-
ment of lemon essential oil

Data are presented as means±SD
(N=3)

638 J Food Sci Technol (September–October 2011) 48(5):635–639



Acknowledgment We are grateful to Dr. Y. Sugiyama and Dr. M.
Isobe of Bioagricultural Sciences, Graduate School of Nagoya
University, for the FAB-MS and NMR measurements and to T. Kato
and Y. Tamaki of the Pokka Corporation Ltd. for their advice on this
experiment.

References

Céspedes CL, Avila JG, Martínez A, Serrato B, Calderón-Mugica JC,
Salgado-Garciglia R (2006) Antifungal and antibacterial activi-
ties of Mexican tarragon (Tagetes lucida). J Agric Food Chem
54:3521–3527

Chang C, Floss HG, Steck W (1997) Carbon-13 magnetic resonance
spectroscopy of coumarins. Carbon-13-proton long-range cou-
plings. J Org Chem 42:1337–1340

Dreyer DL, Huey PF (1973) Coumarins of Citrus marcroptera.
Phytochemistry 12:3011–3013

Fisher JF, Trama LA (1979) High-performance liquid chromatograph-
ic determination of some coumarins and psoralens found in citrus
peel oils. J Agric Food Chem 27:1334–1337

Foo LY, Karchesy JJ (1989) Polyphenolic glycosides from Douglas fir
inner bark. Phytochemistry 28:1237–1240

Herpol-Borremans M, Masse MO, Grimee R (1985) Furocoumarines
dans les fuiles essentielles identification et dosage du 5 methoxy
psoralene dans les produits solaires. J Pharm Belg 40:147–158

Kakuda T, Takihara T, Sakane I, Mortelmans K (1994) Antimicrobial
activity of tea extracts against periodontopathic bacteria. Nippon
Nôgeikagaku Kaishi 68:241–243

Manthey JA, Grohmann K (2001) Phenols in citrus peel byproducts.
Concentrations of hydroxycinnamates and polymethoxylated
flavones in citrus peel molasses. J Agric Food Chem 49:3268–
3273

Miyake Y, Yamamoto K, Osawa T (1997) Isolation of eriocitrin
(eriodictyol 7-rutinoside) from lemon fruit (Citrus limon BURM.
f.) and its antioxidative activity. Food Sci Technol Int Tokyo
3:84–89

Murakami A, Gao G, Kim OK, Omura M, Yano M, Ito C, Furukawa
H, Jiwajinda S, Koshimizu K, Ohigashi H (1999) Identification
of coumarins from the fruit of citrus hystrix DC as inhibitors of
nitric oxide generation in mouse macrophage RAW 264.7 cells. J
Agri Food Chem 47:333–339

Nakatani N, Yamada Y, Fuwa H (1987) Epoxyaurapten and marmin
from juice oil in Hassaku (Citrus hassaku) and the spasmolytic
activity of 7-geranyloxycoumarin-related compounds. Agric Biol
Chem 51:1105–1110

Olaniyan AM (2010) Development of a small scale orange juice
extractor. J Food Sci Technol 47:105–108

Sakanaka S, Kim M, Taniguchi M, Yamamoto T (1989) Antibacterial
substances in Japanese green tea extract against Streptococcus
mutans, a cariogenic bacterium. Agric Biol Chem 53:2307–2311

Smullen J, Koutsou GA, Foster HA, Zumbé A, Storey DM (2007) The
antibacterial activity of plant extracts containing polyphenols
against Streptococcus mutans. Caries Res 41:342–349

Stanley WL, Jurd L (1971) Citrus coumarins. J Agric Food Chem
19:1106–1110

Takahashi N, Schachtele CF (1990) Effect of pH on the growth and
proteolytic activity of Porphyromonas gingivalis and Bacteroides
intermedius. J Dent Res 69:1266–1269

J Food Sci Technol (September–October 2011) 48(5):635–639 639


	Isolation and extraction of antimicrobial substances against oral bacteria from lemon peel
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusion
	References



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


