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Abstract Hericium erinaceus is a well known edible and

medicinal mushroom used in East-Asia. Recently, H.

erinaceus has attracted a lot of attention owing to its anti-

tumor, immuno-modulatory, and cytotoxic effect. It has

been postulated that the fruiting body of H. erinaceus

contains a polysaccharide that is similar to β-D-glucan,

which is known to have antitumor activity against Sarcoma

180. However, optimized liquid culture conditions for

enhanced polysaccharide productivity have yet to be

developed, which is a necessary step for industrial appli-

cations. Therefore, the aim of this study was to determine

the optimal liquid culture conditions for maximum poly-

saccharide production. In shake flask cultures, the optimal

concentration of ascorbic acid was found to be 2.0 g/L,

which prevented the broth from changing color from

yellow to black. The optimal culture conditions were deter-

mined to be 23oC, 200 rpm, and a 10% inoculum size, at

an uncontrolled initial pH. In addition, the modified medium

contained 20 g/L glucose, 10 g/L yeast extract, and 2.0 g/L

ascorbic acid. The maximum mycelial biomass and exo-

polysaccharide (EPS) production in the modified medium

containing uracil was 13.43 and 1.26 g/L, respectively.
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1. Introduction

Hericium erinaceus belongs to the Aphyllophorales, Hyd-

naecae, and Hericium families and is a well known edible

and medicinal mushroom in Japan and China. H. erinaceus

has been reported to have various biological activities such

as anti-microbial effect [1,2], anti-tumor activities [3-5],

immunomodulatory effect [6], antioxidant properties [7,8],

cytotoxic effect [9,10], hypolipidemic effect [11], and

promoting the synthesis of the neurogrowth factor [12,13].

In addition, this fungus has been used for treating and

curing gastric ulcers, gastroduodenal ulcers, and chronic

gastricism, among other ailments [14]. It has been reported

that H. erinaceus contains various constituents including

erinacine, hericenone, terpenoids, proteins, lipids, and poly-

saccharides. Since the polysaccharides from mushrooms

are known to have no toxic side effects, unlike the existing

anti-cancer chemical medications, treatment using poly-

saccharide-based therapies has shown very promising

results in prolonging the life span of a patient [15,16]. The

mycelial morphology of fungus is an important parameter

that affects the physical properties of the culture broth.

Rheological behavior is intimately associated with mor-

phology and biomass concentration [17,18]. It was report-

ed that medium constituents and culture pH affected

morphological changes in mycelia [19]. 

In the present study, liquid culture conditions for exo-

polysaccharide (EPS) production by H. erinaceus were

optimized using a submerged culture, which has the

potential for higher metabolite production in a compact

space and over a shorter time span with less chance of
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2. Materials and Methods

2.1. Strain and media

The mycelia were isolated from the fruiting body of H.

erinaceus, the higher basidiomycete’s mushroom, which

was collected from Gumi, Gyeongsangbuk-do, Korea. They

were cultured on an agar plate containing potato dextrose

agar (PDA) that was supplemented with antibiotics (50

µg/mL of streptomycin and 60 µg/mL of ampicillin). The

PDA contained 10 g/L potato, 50 g/L glucose, 5.0 g/L

peptone, 5.0 g/L yeast extract, 1.5 g/L K2HPO4, 0.5 g/L

MnSO4, and 15 g/L agar. The basal medium for mycelial

growth was YMK, which contained 20 g/L glucose, 5.0

g/L yeast extract, 2.0 g/L KH2PO4, and 1.0 g/L MgSO4·7H2O.

2.2. Flask cultures

The seed culture was cultivated for 4 days in 100 mL of the

YMK media in a 250 mL flask that was inoculated with

10 mL of an activated stock solution frozen at −70oC. For

mycelial growth, the mycelia were homogenized with a

Heidolph DIAX 600 homogenizer (VWR International,

West Chester PA, USA), and 10% of the seed culture broth

was inoculated into 100 mL of the GY media, which

contained 20 g/L glucose and 10 g/L yeast extract, in a

250 mL flask. They were then cultivated for 7 days at 23oC

with 200 rpm in a shaking incubator (Vision Scientific Co.,

Ltd., Buchun, Korea). 

2.3. Analytical methods

After 7 days of cultivation, the culture broth was centri-

fuged at 5,000 rpm for 20 min. Precipitated mycelia were

washed three times with distilled water and then dried for

24 h at 60oC. The EPS derived from the liquid culture

broth was prepared by ethanol precipitation with three

times volume followed by standing at 4oC overnight,

filtered with 0.45 µm Whatman filter paper, and then dried

in a drying oven to a constant weight. The dry weight of

mycelia and EPS was quantified by subtracting the dry

weight of the filter paper from the total weight. The

residual glucose in cultured broth was determined using a

glucose assay kit (Sigma Diagnostics St. Louis, MO, USA)

and glucose analyzer (YSI Inc., Yellow Springs, Ohio,

USA) according to the manufacturer’s instructions. 

3. Results and Discussion

3.1. Effects of ascorbic acid on EPS production

When H. erinaceus were grown in liquid culture, the

culture broth appeared dark and gave rise to poor mycelial

growth at the end of the culture period [20]. The yeast-like

fungus Aureobasidium pullulans is known to produce

pullulan, which in turn typically produces a black melanin

pigment. For industrial production of pullulan, color vari-

ant strains, which are brightly pigmented, are used to

produce pullulan with less contaminating pigment; how-

ever, these variants have less productivity [21]. In the

present study, we investigated the effects of ascorbic acid

on mycelial growth and EPS production with the aim of

protecting the culture broth from melanism. Among the

different ascorbic acid concentration that we examined,

2.0 g/L of ascorbic acid was found to effectively eliminate

Fig. 1. The effect of ascorbic acid on mycelial growth and EPS production in GY medium. The mycelia were cultivated for 7 days at
23oC with 200 rpm, uncontrolled pH, and a 10 % inoculum size.
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melanism in the culture broth (Fig. 1 and S. 1). 

3.2. Effect of initial pH on the mycelial morphology,

growth, and EPS production

To investigate the effect of initial pH on mycelial growth

and EPS production, H. erinaceus were cultivated in the

GYA medium under the different initial pH (3.0 ~ 8.0).

Initial pH was controlled using 1N NaOH and 1N HCl.

The pH value of the non-control group was 4.50. As a

result of the pH profiles during culture, when the initial pH

ranged from 3.0 to 5.0, the pH increased. In contrast, when

the initial pH ranged from 6.0 to 8.0, the pH decreased

towards 5.0. From these experiments, mycelial growth of

H. erinaceus was found to be maximal at pH 5.0 (Fig. 2).

It has been shown that mycelia produce organic acids,

which decrease the medium pH to optimal culture condi-

tions. In addition, it is known that mycelial growth in most

basidiomycetes is higher in low medium pH. The optimum

pH for mycelial growth in Lentinus edodes, Coriolus

versicolor, and Tricholoma matsutake was 4.5, 5.5, and

5.0, respectively [22]. It was reported that the optimum pH

for mycelial growth in H. erinaceus in solid culture was

4.0 and mycelial growth in H. erinaceus was sensitive of

pH [23]. Among the different initial pH values examined,

the highest EPS production (0.994 g/L) was obtained in the

non-control group (initial pH 4.5). The second highest EPS

production occurred when the initial pH ranged from 7.0 to

8.0 as the culture pH shifted to acidic and neutral ranges

(Fig. 2). The optimum pH values for EPS production in

Schizophyllum commune and A. pullulans have been

reported to be 6.0 and 4.0, respectively [24,25]. The EPS

production is frequently dependent on a desirable mycelial

morphology for most fungal fermentation [33,34]. In

Fig. 3, the mycelial morphology during mycelial develop-

ment in the initial pH 3 group (poor mycelial growth and

EPS production) and non-control initial pH group (pH 4.5,

higher mycelial growth and EPS production) were ex-

amined by high-resolution polarizing microscope (Carl

Zeiss Co., Germany). Long and branched filamentous

S. 1. The effect of ascorbic acid on the color of the liquid culture
broth (up) and EPS (down) in GY medium.

Fig. 2. The effects of initial pH on mycelial growth and EPS production in GYA medium. The mycelia were cultivated at 23oC with 200
rpm and a 10% inoculum size. The initial pH values were controlled using 1N NaOH and 1N HCl. The pH value of the non-control
group was 4.50. 
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mycelia were observed in both the initial pH 3 and non-

control group at an early stage of the culture. Meanwhile,

at a later stage of the culture, clumped and entangled

mycelium were observed in the initial pH 3 group and

short branched and entangled mycelium, in addition to a

rough pellet, were observed in the non-control initial pH

group. A. pullulans are known to change to a black color

as a result of chlamydospore production and the ratio of

yeast-like cells is affected by culture pH. The culture

pH, within a certain range, affected not only the cell

morphology, but also the pullulan productivity of A.

pullulans [27]. Rhizopus arrhizus showed clumped and

pellet growth at 10 ~ 20 g/L peptone [28]. Filamentous

mycelia were observed at low ammonium ion concent-

rations, but pellets were observed at high concentration

when Ganoderma lucidium were grown in liquid culture

[29]. 

3.3. Effect of carbon source and C/N ratio

To maximize mycelial growth of H. erinaceus, we tested

the following carbon sources; salicin, lactose, glycerol, D-

ribose, D-mannose, arabinose, cellobiose, D-maltose, D-

Fig. 3. Images of mycelial morphology of H. erinaceus at various time points in a shake flask culture. (A) Mycelial morphology of H.

erinaceus at initial pH 3. (B) Mycelial morphology of H. erinaceus at non-controlled initial pH. The mycelia were cultivated at 23oC with
200 rpm and a 10% inoculum size. Mycelial morphology was analyzed by an image analysis system (Carl Zeiss Co., Germany). One
milliliter of mycelium was randomly sampled and was fixed with 1 mL of a 3-fold diluted solution of fixation solution (13 mL of 40%
formaldehyde + 5 mL of glacial acetic acid + 200 mL of 50% EtOH). 
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xylose, adonitol, D-fructose, D-galactose, D-glucose, man-

nitol, sucrose, D-sorbitol, dextrin, and starch [23]. The

highest level of EPS production of H. erinaceus was

observed in media that contained sucrose followed by

maltose, and glucose [20]. In contrast with a previous

report, the highest mycelial growth (11.1 g/L) and EPS

production (0.994 g/L) of H. erinaceus was obtained in the

media containing glucose (Fig. 4). 

To examine the effects of the carbon-to-nitrogen ratio

(C/N ratio) on EPS production, the concentration of glu-

cose in the medium was varied from 10 to 100 g/L. As

shown in Fig. 5, a lower concentration of glucose was

preferred for mycelial growth. At higher glucose concent-

rations, substrate availability for mycelial growth and EPS

production decreased. It is believed that catabolite repre-

ssion is a general phenomenon in metabolite production

when using a microorganism [30]. In addition, it is gene-

rally known that an increased accumulation of bioactive

polymers and a decreased availability of the nitrogen

source occur at a higher C/N ratio [31]. 

3.4. Effect of uracil on EPS production

UDP-glucose, which is used as a precursor of polymer

synthesis, is an essential factor in the EPS production rate.

In addition, it is known that uracil, which is a precursor of

UDP-glucose, and its kinase is key factors in polymer

synthesis. To investigate the effects of uracil on mycelial

growth and EPS production, the concentration of uracil in

medium that was adjusted to an initial pH of 4.5 was varied

from 0.1 to 1.0 g/L. On the 4th day of liquid culture, the

highest EPS production was obtained in medium contain-

ing 0.3 g/L uracil. On the 7th day of liquid culture, the

highest EPS production was achieved in media that was

supplemented with 1.0 g/L uracil (Fig. 6). It has been

postulated that uracil acts as upregulation effectors of

polymer synthesis at the expense of the nitrogen source. To

confirm this, the effect of uracil addition on the 4th day of

liquid culture on EPS production was examined. In these

experiments, the concentration of uracil in the medium was

varied from 0.1 to 1.0 g/L. Overall, mycelial growth and

EPS production in media that was supplemented with

uracil on the 4th day of liquid culture was significantly

higher than in media that was not supplemented with uracil

(Fig. 7). Similar results were observed in a previous study,

where uracil was used as a precursor of polymer synthesis

in the Agrobacterium sp and the concentration of UMP and

AMP correspondingly increased at the expense of the

nitrogen source [32].

4. Conclusion

In this study, the optimal medium composition of the liquid

culture for H. erinaceus was investigated with the aim of

maximizing EPS production and mycelial growth. From

these experiments we determined that the optimal medium

contained 20 g/L glucose, 10 g/L yeast extract, and 2.0 g/L

Fig. 4. The effects of different carbon sources on mycelial growth
and EPS production in GYA medium. The mycelia were cultivated
for 7 days at 23oC with 200 rpm, pH 4.5, and a 10% inoculum
size. Glucose in the GYA medium was replaced by various other
carbon sources. The final concentration of the carbon source was
2.0% (w/v).

Fig. 5. The effects of the C/N ratio on mycelial growth and EPS
production. The mycelia were cultivated for 7 days at 23oC with
200 rpm, pH 4.5, and a 10% inoculum size.
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ascorbic acid. In shake flask, the maximum mycelial

growth and EPS production in media that was supple-

mented with 0.7 and 0.3 g/L uracil on the 4th day of liquid

culture were 13.43 and 1.26 g/L, respectively. 

References

1. Okamoto, K., A. Shimada, R. Shirai, H. Sakamoto, S. Toshida,
F. Ojima, Y. Ishiguro, T. Sakai, and H. Kawagishi (1993)
Antimicrobial chlorinated orcinol derivates from mycelia of
Hericium erinaceum. Phytochem. 34: 1445-1446.

2. Kim, D. M., C. W. Pyun, H. G. Ko, and W. M. Park (2000)
Isolation of antimicrobial substances from Hericium erinaceum.
Mycobiol. 28: 33-38.

3. Mizuno, T., T. Wasa, H. Ito, C. Suzuki, and N. Ukai (1992)
Antitumor active polysaccharides isolated from the fruiting
body of Hericium erinaceus, an edible and medicinal mushroom
called yamabushitake or houtou. Biosci. Biotechnol. Biochem.
56: 347-348.

4. Mizuno, T., H. Saito, T. Nishitoba, and H. Kawagishi (1995)
Antitumor active substances from mushrooms. Food Rev. Int.
11: 23-61.

5. Kwon, S. H., C. N. Kim, C. Y. Kim, S. T. Kwon, K. M. Park,
and S. Hwangbo (2003) Antitumor activities of protein-bound
polysaccharide extracted from mycelia of mushroom. Kor. J.
Food Nutr. 16: 15-21.

6. Liu, C. P., J. N. Fang, X. Y. Li, and X. Q. Xiao (2002) Structural
characterization and biological activities of SC4, an acidic
polysaccharide from Salvia chinensis. Acta Pharmacol. Sin. 23:
162-166.

7. Park, S. S., K. H. Yu, and T. J. Min (1998) Antioxidant activities
of extracts from fruiting bodies of mushrooms. Kor. J. Mycol.

Fig. 6. The effects of uracil concentration on mycelial growth and EPS production in GYA medium. The mycelia were cultivated at 23oC
with 200 rpm, pH 4.5, and a 10% inoculum size.

Fig. 7. The effects of uracil addition on the 4th day of liquid culture
on mycelial growth and EPS production in GYA medium. The
mycelia were cultivated at 23oC with 200 rpm, pH 4.5, and a 10%
inoculum size. The uracil concentration in the medium was varied
from 0.1 to 1.0 g/L.



Effects of Ascorbic Acid and Uracil on Exo-polysaccharide Production with Hericium erinaceus in Liquid Culture 459

26: 69-77.
8. Mau, J. L., H. C. Lin, and S. F. Song (2002) Antioxidant

properties of several specialty mushrooms. Food Res. Int. 35:
519-526.

9. Kawagishi, H., M. Ando, and T. Mizuno (1990) Hericenone A
and B as cytotoxic principles from the mushroom Hericium
erinaceum. Tetrahed. Lett. 31: 373-376.

10. Kuwahara, S., E. Morihiro, A. Nemoto, and A. Hiramatsu
(1992) Synthesis and absolute configuration of a cytotoxic fatty
acid isolated from the mushroom, Hericium erinaceum. Biosci.
Biotechnol. Biochem. 56: 1417-1419.

11. Yang, B. K., J. B. Park, and C. H. Song (2002) Hypolipidemic
effect of exo-polymer produced in submerged mycelial culture
of five different mushrooms. J. Microbiol. Biotechnol. 12: 957-
961.

12. Kawagishi, H., A. Shimada, R. Shirai, K. Okamoto, F. Ojima,
H. Sakamoro, Y. Ishiguro, and S. Furukawa (1994) Erinacines
A, B and C, strong stimulators of nerve growth factor (NGF)
synthesis from the mycelia of Hericium erinaceum. Tetrahed.
Lett. 35: 1569-1572.

13. Lee, E. W., K. Shizuki, S. Hosokawa, M. Suzuki, H. Suganuma,
T. Inakuma, J. Li, M. Ohnishi-Kameyama, T. Nagata, S.
Furukawa, and H. Kawagishi (2000) Two novel diterpenoids,
erinacines H and I from the mycelia of Hericium erinaceum.
Biosci. Biotechnol. Biochem. 64: 2402-2405.

14. Lu, L., J. Li, and Y. Cang (2002) PCR-based sensitive detection
of medicinal fungi Hericium species from ribosomal internal
transcribed spacer (ITS) sequences. Biol. Pharm. Bull. 25: 975-
980.

15. Komatsu, N., S. Okubo, S. Kikumoto, K. Kimura, and G. Saito
(1969) Host-mediated antitumor action of schizophyllan, a
glucan. Produced by Schizophyllum commune. Gann. 60: 137-
144.

16. Wang, Z., D. Luo, and Z. Liang (2004) Structure of poly-
saccharides from the fruiting body of Hericium erinaceus Pers.
Carbohydr. Polymer. 57: 241-247.

17. Braun, S. and S. E. Vecht-Lifshitz (1991) Mycelial morphology
and metabolite production. Trends Biotechnol. 9: 63-68.

18. Reols, A. J., V. Berg, and R. M. Voncken (1974) Rheology of
mycelial broths. Biotechnol. Bioeng. 16: 181-208.

19. Shin, Y. C. and S. M. Byun (1991) Effects of pH on the
elaboration of pullulan and the morphology of Aureobasidium
pullulans. Kor. J. Appl. Microbiol. Biotechnol. 19: 193-199.

20. Seo, J. S. (2003) Study on the process development for cell
growth with Hericium erinaceus in liquid cultivation. M.S.
Thesis. Kangwon National University, Korea.

21. Leathers, T. D., G. W. Nofsinger, C. P. Kurtzman, and R. J.
Bothast (1988) Pullulan production by color variant strains of
Aureobasidium pullulans. J. Ind. Microbiol. 3: 231-239.

22. Park, K. H. and J. S. Lee (1991) Optimization of media
composition and culture conditions for the mycelia growth of
Coriolus versicolor and Lentinus edodes. Kor. J. Biotechnol.
Bioeng. 6: 91-98.

23. Ko, H. G., D. M. Kim, and W. M. Park (1997) Composition of a
new medium for mycelial growth of Hericium erinaceus. Kor. J.
Mycol. 25: 369-376.

24. Kumari, M., S. A. Survase, and R. S. Singhal (2008) Production
of schizophyllan using Schizophyllum commune NRCM.
Bioresour. Technol. 99: 1036-1043.

25. Auer, D. P. and R. J. Seviour (1990) Influence of varying
nitrogen sources on polysaccharide production by Aureobasidium
pullulans in batch culture. Appl. Microbiol. Biotechnol. 32: 637-
644.

26. Gupta, K., P. K. Mishra, and P. Srivastava (2007) A correlative
evaluation of morphology and rheology of Aspergillus terreus
during lovastatin fermentation. Biotechnol. Bioproc. Eng. 12:
140-146.

27. Heald, P. J. and B. Kristiansen (1985) Synthesis of poly-
saccharide by yeast-like forms of Aureobasidium pullulans.
Biotechnol. Bioeng. 27: 1516-1519.

28. Byrne, G. S. and O. P. Ward (1989) Effect of nutrition on pellet
by Rhizopus arrhius. Biotechnol. Bioeng. 33: 912-914.

29. Lee, K. M. and S. Y. Lee (2001) Influence of ammonium
phosphate on mycelial morphology during submerged culti-
vation of Ganoderma lucidium. Kor. J. Mycol. 29: 91-98.

30. Ebbole, D. J. (1998) Carbon catabolite repression of gene
expression and conidiation in Neurospora crassa. Fungal Genet.
Biol. 25: 15-21.

31. Choi, J. H., S. Y. Kim, D. K. Oh, and J. H. Kim (1998) Optimi-
zation of culture conditions for production of a high viscosity
polysaccharide, methylans, by Methylobacterium organophilum
from methanol. Kor. J. Appl. Microbiol. Biotechnol. 26: 244-
249.

32. Lee, J. H. and I. Y. Lee (2001) Optimization of uracil addition
for curdlan (β-1→3-glucan) production by Agrobacterium sp.
Biotech. Lett. 23: 1131-1134.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /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 <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


