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Abstract The objective of the experiment was to use
starch processing waste as an alternative growth medium
for cultivation of mycelia of the mushroom Phellinus
linteus and to find an optimum condition under solid-state
cultivation. Response surface analysis along with a central
composite design was successfully applied to approximate
the simultaneous effects of the substrate concentration
(16-36 g 171), pH (4.5-6.5), and temperature (25-35 °C)
on the mycelial growth rate. In the model, pH and tem-
perature significantly affected the mycelial growth but
substrate concentration did not. The optimal substrate
concentration, pH, and temperature for maximizing
growth rate of P. linteus mycelia were found to be
16.5 g 17!, pH 6.0, and 29.7 °C, respectively. Subsequent
verification of these levels agreed with model predictions
and the maximum mycelial growth rate at these condi-
tions was 6.1 = 0.8 mm day'. Therefore, the results of
the experiments suggest that starch processing waste
could be utilized as a growth substrate for the cultivation
of the mushroom mycelia of P. linteus, enhancing the
usefulness of this byproduct of the starch manufacturing
industry. This approach is likely to be useful for estab-
lishing similar parameters for the cultivation of other
fungi.
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Introduction

The commercial starch processing industry generally
employs the corn wet-milling process and generates large
quantities of slurry waste. Approximately, 44% of raw
materials are generated as wastes such as bran residues [6].
This starch processing waste (SPW) disposal causes serious
environmental problems mainly because of its large vol-
ume, high chemical oxygen demand (COD), organic
suspended solids, and presence of potential foaming sub-
stances such as corn protein [3, 11]. However, SPW should
be considered as a byproduct that can be used as a growth
medium for economically valuable products such as fungal
biomass rich in bioactive compounds [10].

Mushrooms have long been a source of nutritional
foods and folk medicine. Especially, Phellinus linteus has
been well known as a medicinal mushroom due to phar-
macological properties and antitumor activity [19]. P.
linteus has been used as a traditional medicine to cure
gastroenteric disorder and lymphatic disease, and to lower
total cholesterol level [12, 13]. Recent research into this
mushroom has also revealed the presence of various
biocompounds that activates immunomodulator, induces
NAD(P)H:quinone oxidoreductase, and represses gap
junctional intercellular communication by hydrogen per-
oxide (H,0,) [5, 13, 22].

Because mushrooms can excrete various enzymes to
make use of almost any substrate as a growth medium,
various agro-industrial byproducts have been tried as
inexpensive substrates by different mushroom species [1, 7,
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8, 20]. The beneficial bioactive compounds contained in
mushrooms can be extracted from the mycelia of the spe-
cies without waiting for a full fruiting body to develop [8].
Thus, mycelial cultivation has received great interest as an
efficient method for industrial production of valuable
metabolites [14, 16]. In this experiment, therefore, we
hypothesized that a unique solution to the waste treatment
problem and to reduce disposal cost would be to use SPW
as a substrate for value-added P. linteus mycelial
cultivation.

Although the efficacy of the bioactive compounds has
been shown to be directly affected by the culture condi-
tions in which the mycelia were grown [15-17],
information about the effect of environmental factors for
maximum growth of the P. linteus mycelia on SPW is
lacking in literature. Among the many culture conditions
affecting fungal growth, substrate concentration, pH, and
temperature are considered as key variables for the
enhanced growth of mycelia. Therefore, the objective of
this research was to optimize growth condition of P.
linteus using SPW with respect to the simultaneous
effects of substrate concentration, pH, and temperature. A
solid-state cultivation technique (SSC) was employed due
to the advantages of less time and work requirements than
that of liquid-state cultivation [23]. In this research,
“optimum conditions” meant the operating conditions for
maximizing the mycelial growth rate with respect to the
independent variable.

Materials and methods
Starch processing waste and mycelia strain

One batch of SPW (i.e. 0.2 m®) was obtained from Corn
Product Korea (Icheon, Korea). The raw SPW, in slurry
form, was initially dried at 60 °C to remove moisture,
pulverized, and stored at 4 °C until used for the
experiments.

Dried SPW powder was suspended in distilled water to
obtain differing solids concentrations for subsequent
experiments. Since the purpose of the research was to
provide information about the use of raw SPW as an
alternative substrate for mycelial cultivation, no additional
nutrients were added. Commercial agar (Becton Dickinson
and Co., Sparks, MD, USA) used for bacterial plate counts
was added to the rehydrated SPW solution in the ratio of
1.5% (w/v). The pH was adjusted by addition of 0.5 M HCl
or 0.5 M NaOH as needed to meet the experimental con-
ditions in Table 1, followed by autoclaving at 120 °C for
20 min. The solution was poured into Petri dishes and
allowed to solidify. These plates then became the growth
media for the mycelial cultivation.

Phellinus linteus (KCTC 6719) was obtained from the
Korean Collection for Type Cultures (KCTC) and main-
tained in a potato dextrose agar (PDA) slant at 4 °C. The
seed culture of P. linteus was transferred to Petri dishes
containing PDA media and incubated at 25 °C for 4 days.

Table 1 Experimental design and observed mycelial growth rate of Phellinus linteus mycelium grown on reconstituted starch processing waste

Trials Independent variables Mycelial growth
- - rate (mm dayf')
Substrate Media pH Incubation
concentration (g 1=h temperature (°C)
Linear design 1 16 4.5 25 43
2 36 4.5 25 43
3 16 6.5 25 4.9
4 36 6.5 25 44
5 16 4.5 35 3.0
6 36 4.5 35 3.0
7 16 6.5 35 4.7
8 36 6.5 35 44
9* 26 55 30 59 £0.1
Quadratic design 10 16 5.5 30 59
11 36 55 30 54
12 26 4.5 30 4.2
13 26 6.5 30 5.9
14 26 5.5 25 4.7
15 26 5.5 35 4.2
Validation 16 26 5.7 30 5.6 £0.1

* The experiment was repeated three times and the response represented average values
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Mycelial agar disks (5 mm) were cut using a round cutter
and used as inocula. After inoculation, the SPW-containing
Petri dishes were placed in two identical incubators at
different temperatures according to the experimental
design listed in Table 1.

Experimental design and analysis

Petri dishes inoculated with actively growing mycelia
were removed from the incubator every 24 h for 10 days
to collect growth rate data. Since the colonies grow in a
circular fashion, the data was collected by using standard
laboratory calipers to measure the diameter of each
mycelial colony in millimeter as it grew on the Petri dish.
The diameter was measured daily in four different places
along lines crossing at right angles. The average size of
the colony was plotted against the cultivation periods, and
the slope of the regression line was estimated by a least
squares method. The slope represented the mycelial
extension rate and was assumed to be the growth rate of
the mycelia under the given conditions [23]. These rates
along with their corresponding culture environments were
used to obtain the set of conditions that would maximize
the mycelial growth rate by response surface analysis
(RSA).

RSA is an iterative statistical technique to approximate
multivariate responses and is represented by the following
equation:

n = co + Zn: oiXi + Xn: cx,-,»x? + Z Z 0 XiXj (1)
i=1 i=1 i J
i<j

where n = experimental value of the mycelial growth rate
(mm day '), C, = regression constant, and x; = indepen-
dent wvariable i (i = substrate concentration, pH,
temperature in order).

A sequential procedure of collecting data, estimating
polynomials with the least squares method, and checking
the adequacy of the model was used. The experimental
design was based on a 3 x 2 central composite in cube
(CCC) design with a center point being replicated three
times as previously described [4, 23]. This type of design
was used to minimize the number of trials needed to obtain
statistically significant results. Experimental conditions at
the central point were selected to be as close as possible to
the optimal environment of P. linteus mycelia cultivation
found in the literature [9, 19].

The COD of the dried SPW powder was measured by
the closed reflux colorimetric method, and the amount of
protein was measured according to the Kjeldahl method
[2]. Total organic carbon (TOC) was quantified using a
TOC analyzer (TOC-V cyp, Shimadzu). Two identical ion-
exchange chromatographs (790 Personal IC, Metrohom)

were used to quantify the cations and anions in the
sample. Carbohydrate in the sample was determined by
phenol-sulfuric acid assay. Solids concentrations were
determined according to the procedures in standard
methods [2].

Results and discussion
Waste characteristics

Table 2 summarizes the physical and biochemical charac-
teristics of the SPW used in this research. Most of the
solids were in suspended form [i.e., 96.7% (w/w)]. A high
ratio of volatile suspended solids (VSS) (i.e., organic res-
idues remaining after ignition at 550 °C) to total suspended
solids (TSS), 99.0%, indicated that most of the solids were
potentially biodegradable organics. Carbohydrates and
proteins, 70.9% (wt/wt), were likely to be major COD
contributing organics in the waste.

Response surface analysis and optimal culture
conditions

A total of 17 trials were run to approximate the response of
the mycelial growth rate. Because SPW has not previously
been used for the mycelial cultivation of P. linteus, we
performed preliminary experiments testing the growth rate
of P. linteus in various concentrations of SPW (i.e., 3, 10,
30, 50, 70, 90 g SPW powder 1_1) at 5.5 pH and at 30 °C.
The radial extension rates of P. linteus at different substrate
concentrations were then fitted to an equation suggested by
Shi et al. [21]. The substrate concentration that maximized

Table 2 Composition and characteristics of the starch processing
waste (mg g~ dry weight)

Parameter Concentration Parameter Concentration
Moisture content (%) 90 (2) Crude protein® 207 (19)
COD 1,822 (81) Ammonium 6.4 (0.2)
Scop® 93 (2) Calcium 7.9 (1.1)
TOC 491 (0.1) Magnesium 2.4 (0.3)
Carbohydrate 502 (56) Potassium 11.4 (0.4)
Total nitrogen 45 (3) Sodium 6.8 (0.2)
TKN® 36 (3) Phosphate 42 (0.4)
TSS 967 (83) Sulfate 31 (0.6)
VSS 957 (86) Chloride 32 (0.1)

Standard deviations are in parentheses

# Protein content = (TKN — ammonia nitrogen) x 6.25
® Soluble COD

¢ Total Kjeldahl nitrogen
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Fig. 1 Observed and predicted mycelial growth rate of P. linteus at
different substrate concentrations: (filled circle) observed mycelial
growth rate; (solid line) model predictions. An equation suggested by
Shi et al. (1999) was used to fit the mycelial growth rate of P. linteus
with different substrate concentrations

the mycelial growth rate was determined to be 26 g 17"
(Fig. 1). This value was used as a center point for RSA
modeling.

The region of exploration for the P. linteus mycelia
cultivation was decided to be 16-36 g 174 4565 pH, and
25-35 °C. Eleven trials including a center point (from
trials 1 to 9 in Table 1) were run first. Initially, these data
were fit using a first-order model with least squares to
investigate the location of the optimum condition. The
regression coefficient, the lack of fit (LOF) of the first-
order model, and P values of the parameter estimations
were used to validate the model. The P value for the LOF
was significant, while the regression coefficient for the
mycelial growth rate was not significant at the 5% o-level.
Therefore, it was concluded that the first-order model was
not an adequate approximation for the mycelial growth rate
of P. linteus. The curvature in the response of the mycelial
growth rate indicated that the conditions were likely to be
near the optimum.

A second or higher order model could not be fit using
the data from trials 1 to 9 in Table 1 due to lack of axial
data points. An additional six trials (from 10 to 15 in
Table 1) were augmented with previous trials to make a
CCC design. To find more precise polynomials for a
maximum mycelial growth rate in the response, increas-
ingly complex equations from linear to quadratic were tried
to model the data in Table 1.

The P value of regression was significant at 0.1% «-
level and LOF was not significant at 5% o-level only for
the quadratic model (Eq. 2). The regression coefficient and
residual standard deviation of the quadratic model were
0.97 and 0.28, respectively.
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n=—41.4+79 x 10"*x; +4.6x, +2.3x3
—9.5x 107x120 + 5.9 x 107*x1x3
+5.8 x 102x5x3 4+ 3.9 x 107*x3 — 0.5x3
—4.5x 10723

(2)

Therefore, the second-order model was selected to describe
the response surface of the mycelial growth rate within this
region. Residual plots represent the difference between the
experimental and calculated values using models. Residual
plots for all experimental values were examined for any
weakness of the selected model and showed no patterns or
trends (Fig. 2). If the model is adequate, the residual should
be structureless [18]. Therefore, the scattered data points
indicated that the model (Eq. 1) was adequate approxi-
mation for P. linteus mycelial growth rate with respect to
the independent variables. The plots also showed least
variance compared to other models and a random plot of
residuals indicated homogeneous error variances across the
observed values.

An additional trial was run to verify the accuracy of the
model prediction at randomly selected experimental con-
ditions (26 g 17", pH 5.7, 30 °C). The experiment was
replicated five times. The observed value along with
standard error was 5.6 = 0.1 mm dayfl, which was close
to the model response of 5.5 mm day~'. Therefore, it was
concluded that the model was able to predict accurately the
response surfaces of growth conditions for P. linteus
mycelia using SPW. The equation was then used to
determine the optimal conditions maximizing the mycelial
growth rate by setting the partial derivatives of the equation
at zero with respect to the corresponding variables. The
optimum condition for the maximal mycelial growth rate
was 16.5 g 171, 6.0 pH, and 29.7 °C. The calculated model

output at the optimal condition was 6.1 & 0.8 mm day "
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Fig. 2 Residual plots of the quadratic model for mycelial growth
rate. Each residual was calculated using Eq. 2
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Analysis of variance using Eq. 2 was initially performed
to investigate the three possible two-way interactions
among the independent variables (substrate concentra-
tion x temperature, pH X temperature, and substrate
concentration X pH). The effect on the response was sig-
nificant at 5% confidence level only for the interaction term
of pH and temperature, which indicated that pH and tem-
perature were interdependent. This interaction can be seen
as a region of an elongated ellipse in the response surface
of the mycelial growth rate (Fig. 3). The rounded ridge,
inside the design boundary, runs diagonally on the plot
from lower left to the upper right. In the contour surface,
the effect of independent variables on the response was
evaluated using the grade of the contour lines along tran-
sects from the optimum condition toward the design
boundary. As shown in Fig. 3, movement away from the
optimum conditions along the path of steepest ascent was
31 °C increase in temperature for every unit decrease in
pH. Therefore, the mycelial growth rate is likely to drop
sharply if the operational conditions with respect to the two
variables are simultaneously increased or decreased as
described, such as a 31 °C decrease in temperature per unit
of pH increases. Contrary to the steepest ascent, 1 °C
decrease in temperature for every unit decrease in pH was
the gentlest slope of the response.

Thus, it could be calculated that variation in the myce-
lial growth rate would be less than 5.0%, compared to the
maximum value, if the two independent variables were
changed in the range 29.5 £ 2.5 °C and 5.9 £ 0.6 pH. The
limits of the conditional boundary within the contour plots
are shown as straight lines forming a tetragon on the plots
(Figs. 3, 4).

Further statistical inspection showed that temperature
and pH affected the mycelial growth rate significantly at
1% a-level, but the effect of substrate concentration was
not significant at 5% o-level. Figure 4 represents 2D and
3D plots of the effect of temperature and substrate con-
centration on the mycelial growth rate at pH 5.5. It can
clearly be seen that the response contours were concentric
ellipses that were elongated along the substrate concen-
tration axis, forming a stationary maximum system or a
line maximum [18]. Insensitivity of the response to
movement along the substrate concentration axis rendered
almost no change in the response off the value at the sta-
tionary point. However, sizable changes in the response
surfaces were shown along the temperature axis, which
indicated that temperature had a much bigger effect than
substrate concentration.

Factorial design, used most often in biological research,
yields discrete results according to the values that the
investigator assigns to the variables. It is hard to visualize
the effect of the variables that were not assigned (for
example, middle point between two variable values). With
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Fig. 3 Two-dimensional and three-dimensional contour plots of the
quadratic model for the mycelial growth of P. linteus with respect to
substrate concentration and temperature within the orthogonal design
boundaries. The designed intervals were 4.5 <pH < 6.5 and
25 < temperature (°C) < 35, respectively

the proper selection of variable interval, RSA continuously
approximates the response surface, which allows the
researcher to investigate the entire region of variables. The
unbounded polynomial models that defined the response
surface might predict the location of the optimum response
outside the design boundary. Since the polynomial models
extend to infinity, however, the models used to predict the
response surface here should be restricted within specified
boundaries. It should also be noted that the response con-
tours would appear slightly different if a higher order
polynomial had been chosen because of greater flexibility
of the polynomial, but so long as there was no LOF for the
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Fig. 4 Two-dimensional and three-dimensional contour plots of the
quadratic model for the mycelial growth of P. linteus with respect to
substrate concentration and temperature within the orthogonal design
boundaries. The designed intervals were 16 < concentration
(g 1’1) < 36 and 25 < temperature (°C) < 35, respectively

partial cubic model, the differences would not have been
significant.

The necessity for reduction for pollutant and the need to
maximize returns on raw material have encouraged the
starch producers to seek new way of utilizing the wastes,
which have widely relied on using it as cheap ingredient of
animal feed. Based on the results in this experiment, a
unique solution to solve the waste disposal problem and to
provide additional benefit to starch processing industries
would be to use SPW as a substrate for value-added P.
linteus mycelia cultivation.

@ Springer

Conclusions

RSA was successfully applied to evaluate the effects of
substrate (i.e. SPW) concentration, pH, and temperature on
growth rate of P. linteus mycelia. A quadratic model was
selected to approximate the response, and the adequacy of
the model was verified by the results of validation data and
residual plots. In the predictive model for mycelial growth
rate of P. linteus, the effects of pH and temperature were
significant at the 0.1 and 1% o-level, respectively, but the
substrate concentration did not affect the mycelial growth
rate significantly at the 5% a-level. The optimum condition
for the maximum mycelial growth rate was 16.5 g 17!, 6.0
pH, and 29.7 °C. Maximum growth rate of the mycelia at
the optimal condition was calculated and to be
6.1 & 0.8 mm day . It can be concluded that SPW could
be used as an alternative growth substrate for the cultiva-
tion of P. linteus mycelia.

Acknowledgments This research was supported in part by the BK-
21 program, Advanced Environmental Biotechnology Research
Center (AEBRC) (Grant No: R11-2003-006-02002-0), and Ministry
of Environment as “The Eco-technopia 21 project.”

References

1. Amitai G, Adani R, Sod-Moriah G, Rabinovitz I, Vincze A,
Leader H, Chefetz B, Leibovitz-Persky L, Friesem D, Hadar Y
(1998) Oxidative biodegradation of phosphorothiolates by fungal
laccase. FEBS Lett 438:195-200

2. APHA (2005) Standard methods for the examination of water and
wastewater, 21st edn. American Public Health Association,
Washington, DC

3. Barampouti EMP, Mai ST, Vlyssides AG (2005) Dynamic
modeling of the ratio volatile fatty acids/bicarbonate alkalinity in
a UASB reactor for potato processing wastewater treatment.
Environ Monit Assess 110:121-128

4. Bhak G, Song M, Lee S, Hwang S (2005) Response surface
analysis of solid state growth of Pleurotus ostreatus mycelia
utilizing whey permeate. Biotechnol Lett 27:1537-1541

5. Cho JH, Cho SD, Hu HB, Kim SH, Lee SK, Lee YS, Kang KS
(2002) The roles of ERK1/2 and p38 MAP kinases in the pre-
ventive mechanisms of mushroom Phellinus linteus against the
inhibition of gap junctional intercellular communication by
hydrogen peroxide. Carcinogenesis 23:1163-1169

6. Deng SB, Bai RB, Hu XM, Luo Q (2003) Characteristics of a
bioflocculant produced by Bacillus mucilaginosus and its use in
starch wastewater treatment. Appl Microbiol Biotechnol 60:588—
593

7. Fountoulakis MS, Dokianakis SN, Kornaros ME, Aggelis GG,
Lyberatos G (2002) Removal of phenolics in olive mill waste-
waters using the white-rot fungus Pleurotus ostreatus. Water Res
36:4735-4744

8. Hatvani N, MecCs I (2001) Production of laccase and manganese
peroxidase by Lentinus edodes on malt-containing by-product of
the brewing process. Process Biochem 37:491-496

9. Hwang HJ, Kim SW, Choi JW, Yun JW (2003) Production and
characterization of exopolysaccharides from submerged culture
of Phellinus linteus KCTC 6190. Enzyme Microb Technol
33:309-319



J Ind Microbiol Biotechnol (2008) 35:859-865

865

10.

11.

12.

13.

14.

15.

16.

Jin B, van Leeuwen HJ, Patel B, Yu Q (1998) Utilisation of starch
processing wastewater for production of microbial biomass pro-
tein and fungal alpha-amylase by Aspergillus oryzae. Bioresour
Technol 66:201-206

Jin B, Yan XQ, Yu Q, van Leeuwen JH (2002) A comprehensive
pilot plant system for fungal biomass protein production and
wastewater reclamation. Adv Environ Res 6:179-189

Kim DH, Yang BK, Jeong SC, Park JB, Cho SP, Das S, Yun JW,
Song CH (2001) Production of a hypoglycemic, extracellular
polysaccharide from the submerged culture of the mushroom,
Phellinus linteus. Biotechnol Lett 23:513-517

Kim GY, Choi GS, Lee SH, Park YM (2004) Acidic polysac-
charide isolated from Phellinus linteus enhances through the up-
regulation of nitric oxide and tumor necrosis factor-alpha from
peritoneal macrophages. J Ethnopharmacol 95:69-76

Lim JM, Yun JW (2006) Enhanced production of exopolysac-
charides by supplementation of toluene in submerged culture of
an edible mushroom Collybia maculata TG-1. Process Biochem
41:1620-1626

Medeiros MB, Bento AV, Nunes ALL, Oliveira SC (1999)
Optimization of some variables that affect the synthesis of lac-
case by Pleurotus ostreatus. Bioprocess Biosyst Eng 21:483-487
Morais H, Forgacs E, Cserhati T (2005) The use of spectral
mapping for the study of the enzyme production of the edible
mushroom Pleurotus ostreatus. Acta Aliment 34:121-130

17.

18.

19.

20.

21.

22.

23.

Morais H, Ramos C, Matos N, Forgacs E, Cserhati T, Almeida V,
Oliveira J, Darwish Y, Illes Z (2002) Liquid chromatographic and
electrophoretic characterisation of extracellular beta-glucosidase
of Pleurotus ostreatus grown in organic waste. J Chromatogr B
770:111-119

Myers RH, Montagomery DC (1995) Response surface method-
ology. Wiley, New York

Nakamura T, Matsugo S, Uzuka Y, Matsuo S, Kawagishi H
(2004) Fractionation and anti-tumor activity of the mycelia of
liquid-cultured Phellinus linteus. Biosci Biotechnol Biochem
68:868-872

Ruiz-Aguilar GML, Fernandez-Sanchez JM, Rodriguez-Vazquez
R, Poggi-Varaldo H (2002) Degradation by white-rot fungi of
high concentrations of PCB extracted from a contaminated soil.
Adv Environ Res 6:559-568

Shi XM, Liu HJ, Zhang XW, Chen F (1999) Production of bio-
mass and lutein by Chlorella protothecoides at various glucose
concentrations in heterotrophic cultures. Process Biochem 4:341—
347

Shon YH, Nam KS (2001) Antimutagenicity and induction of
anticarcinogenic phase II enzymes by basidiomycetes. J Ethno-
pharmacol 77:103-109

Song M, Kim N, Lee S, Hwang S (2007) Use of whey permeate
for cultivating Ganoderma lucidum mycelia. J Dairy Sci
90:2141-2146

@ Springer



	Bioconversion of starch processing waste to Phellinus linteus mycelium in solid-state cultivation
	Abstract
	Introduction
	Materials and methods
	Starch processing waste and mycelia strain
	Experimental design and analysis

	Results and discussion
	Waste characteristics
	Response surface analysis and optimal culture conditions

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


