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Abstract Cassava starch production waste (cassava pulp) has
been proposed as a high potential ethanolic fermentation
substrate due to its high residual starch level and the small
particle size of the lignocellulosic fibers. Saccharification of
the residual starch from a 3% (w/v) dry weight basis (DS) of
cassava pulp by α-amylase (100°C, 10 min) and glucoamy-
lase (60°C, 2 h) resulted in a glucose yield of 22.6 g/l [67.8%
(w/w) DS of cassava pulp] and in lignocellulosic fibers at
0.5 g/g DS cassava pulp. Pretreatment of the lignocellulosic
fiber with dilute sulfuric acid and calcium hydroxide at 121°C,
15 lb/in2 for 30 min increased and decreased, respectively, its
susceptibility to cellulase hydrolysis. Under the optimal
conditions found, pretreatment of 6% (w/v) DS lignocellu-

losic fiber by 2% (w/v) H2SO4 for 30 min, followed by
saccharification by cellulase (40°C, 9 h), yielded a glucose
level of 26.6 g/l [79.8% (w/w) DS of the cassava pulp]. The
starch and lignocellulosic fiber hydrolysates obtained from
30 g cassava pulp and 60 g H2SO4 pretreated lignocellulosic
fiber were fermented by Saccharomyces cerevisiae, without
the need for (NH4)2SO4 supplementation, to yield ethanol
levels of 9.9 and 11.9 g/l, respectively, after 48 h.
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Introduction

Cassava (Manihot esculenta Crantz) is one of the major
commercial crops in Thailand, with an annual production of
approximately 23 million tons of cassava root. One-half of
this cassava root crop is exported as cassava chips and
pellets that are used principally for ethanol fuel production.
The remainder is supplied as a raw material for cassava
starch production, which alone generates approximately
1.7 million tons of solid cassava pulp waste after the starch
extraction (Office of the National Economic and Social
Development Board 2007). However, the starch extraction
from cassava roots in Thailand is relatively inefficient,
resulting in waste cassava pulp typically still being com-
prised of some 60–70% (w/w) dry weight basis (DS) starch
and 15–30% (w/w) DS lignocellulosic fiber (Balagopalan et
al. 1994; Sriroth et al. 2000). Due to the high starch and
moisture content [75–80% (w/w) DS], the cassava pulp
spoils rapidly causing environmental problems, including a
strong and offensive putrefaction odor and local water
contamination. If the starch in cassava pulp could be
hydrolyzed economically to fermentable sugars, and prin-
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cipally glucose, it would not only help solve the environ-
mental problem of cassava pulp disposal but also provide
added value for cassava crops, which are typically grown
by small-scale farmers in poor or developing regions.
Moreover, the lignocellulosic fiber obtained after the starch
is removed from the cassava pulp is potentially an ideal
substrate for ethanol production. Since it has a 20–40 mesh
particle size, cutting and milling processes are not needed,
saving on the requirement for these energy- and cost-
consuming steps that serve as a major constraint for
lignocellulosic ethanol production from other substrates.
In contrast to the above-suggested potential use, the actual
current use of cassava pulp, if not wasted, is either as a low-
grade animal feed or for fertilizer. The improved utilization
of cassava pulp is, therefore, an important and necessary
step towards efficient cassava root usage.

In this work, both the starch and the lignocellulosic
fibers in waste cassava pulp were hydrolyzed enzymatically
to glucose and then fermented to ethanol by Saccharomyces
cerevisiae. The susceptibility of the lignocellulosic fiber to
cellulase after pretreatment with either dilute sulfuric acid
or calcium hydroxide was compared. Potential inhibitors of
the ethanolic fermentation by S. cerevisiae that were
liberated from the pretreatment step were analyzed. From
the results presented here, cassava pulp is proposed as a
potentially promising, sustainably renewable, plentiful and
low cost substrate for ethanol production.

Materials and methods

Cassava pulp

Cassava pulp was collected from Sanguan Wongse Indus-
tries, Nakhonratchashima Province, Thailand, in a frozen
form and was thawed to room temperature just prior to use.
The major components, on a dry weight basis (DS) were
67.8% (w/w) starch and 11.2% (w/w) lignocellulosic fiber
but, as obtained, the moisture content was 80% (w/w) wet
weight.

Microorganism

Saccharomyces cerevisiae TISTR 5596 was obtained from
the Thailand Institute of Scientific and Technological
Research (TISTR). A single colony of S. cerevisiae was
grown in yeast peptone dextrose medium (YPD; yeast
extract 10 g/l, peptone 20 g/l, glucose 20 g/l, pH 4.5) at 30°C
with shaking (150 rpm) for 48 h, and then transferred
[1% (v/v) inoculum] to cassava pulp-starch hydrolysate
supplemented with 0.2% (w/v) (NH4)2SO4 and incubated
at the same conditions as above. This was grown to late log
phase and was then used as the S. cerevisiae inoculum.

Saccharification of starch in cassava pulp

Cassava pulp was suspended in water at 3% (w/v) DS and
saccharified by α-amylase (8.4 units/μl; Genecor Interna-
tional, Rochester, NY), as per the supplier’s instructions,
using 58.8 U/g DS at 100°C for 10 min. Under these
conditions, the cassava pulp slurry did not turn blue after
the addition of iodine solution, indicating the hydrolysis of
most to all of the starch. The cassava pulp slurry was then
further saccharified by glucoamylase (0.4 units/μl; Genecor),
as per the supplier’s instructions, using 2 U/g DS at 60°C for
2 h. The hydrolysate so obtained was separated from the
residual lignocellulosic fiber by filtration through a stainless
filter (0.88×103 μm pore size) and centrifuged (11,500 g for
20 min) at 4°C. The supernatant, referred to as the starch
hydrolysate, was harvested and analyzed for reducing sugar
and glucose content (see Analytical procedures), whilst the
pellet, the lignocellulosic fiber, was treated as described in
the next section.

Saccharification of lignocellulosic fiber in cassava pulp

The lignocellulosic fiber, separated from the starch hydro-
lysate, was pretreated by suspending at 3% (w/v) DS in the
indicated concentration of either sulfuric acid [0–2.5% (w/v)]
or calcium hydroxide [0–1.5% (w/v)] solution and
autoclaved at 121°C, 15 lb/in2 for 30 min. The pretreated
lignocellulosic fiber suspension was then adjusted to pH 6
and saccharified by cellulase GC 220 (6.2 units/μl;
Genecor), as per the supplier’s instructions, using 62 U/g
DS at 40°C with shaking (150 rpm) for 72 h. After
filtration and centrifugation, as detailed above, to separate
the hydrolysate from the remaining lignocellulosic fibers,
the hydrolysate was analyzed for reducing sugar and
glucose content. An optimal condition for this pretreat-
ment step was determined by individually varying the
concentration of sulfuric acid or calcium hydroxide
solution, the percentage of lignocellulosic fiber loaded
[3, 6 and 8% (w/v)] and the autoclaving period (15, 30 and
45 min). The optimal saccharification period of the
pretreated lignocellulosic fiber with cellulase GC 220 at
62 U/g DS was also determined (0–72 h).

Detoxification of lignocellulosic fiber-acid hydrolysate

The lignocellulosic fiber-acid hydrolysate was detoxified by
the method described by Gupta et al. (2009). Calcium
hydroxide was added to the acid hydrolysate at room
temperature with constant stirring until the pH reached 10
and then held with stirring for 30 min. Then, the detoxified
hydrolysate was neutralized with concentrated H2SO4 and
centrifuged at 4°C, 10,000 g for 15 min to remove the
precipitate formed during the neutralization stage.
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Ethanol fermentation

A late log phase S. cerevisiae culture (1.96×107 cell/ml)
was inoculated at 10% (v/v) into the starch or lignocellu-
losic fiber hydrolysate and incubated at 30°C, pH 4.5
without shaking for 72 h. Different levels of ammonium
sulfate [(NH4)2SO4; 0–0.6% (w/v)] supplementation,
and fermentation periods (0–72 h), were evaluated for
optimization.

Analytical procedures

The cellulose, hemicellulose and lignin contents were
determined by the method described by the Technical
Association of Pulp and Paper Industry method (TAPPI
1988). Reducing sugars were quantified using the
Somogyi-Nelson method (Somogyi 1952). Sugars and
pretreatment byproducts (furfural, hydroxymethylfurfural,

4-hydroxybenzaldehyde, syringaldehyde and vanillin) were
analyzed by HPLC (Agilent 1100 Series equipped with
quaternary pump, on-line degasser, autoinjector, column
thermostat, refractive index detector and a ChemStation
softwares, Agilent Technologies, Wilmington, DE). Sugars
were identified and quantified by Aminex column HPX-
87P (300×7.8 mm) with a Carbo-P micro-guard cartridge
(Bio-Rad, Richmond, CA). The Column was maintained at
80°C and 20 μl of each sample was injected at a time and
eluted with Milli-Q filtered water at a flow rate of 0.6 ml/min
The pretreatment byproducts were identified and quantified
by Aminex column HPX-87 H (300 × 7.8 mm) with a
Cation H micro-guard cartridge (Bio-Rad). The column
was maintained at 5°C and 50 μl of each sample was
injected at a time and eluted by 0.01 M (NH4)2SO4 at a
flow rate of 0.6 ml/ min.

Ethanol was quantified by GC (Hewlett-Packard, HP
5890 Series) with an Porapak QS (Cabowax 20 M) column
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Fig. 2 Effect of the lignocellulosic fiber loading levels in the 2% (w/v)
H2SO4 pretreatment on the subsequent level of the reducing sugar
liberated, shown as a the reducing sugar liberation efficiency and b the

reducing sugar concentration (yield) obtained. The data are displayed as
the mean±1 SD, and are derived from triplicate experiments
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Fig. 1 Effect of H2SO4 concentration in the acid pretreatment on a the
subsequent level of the reducing sugar liberated in pretreatment
hydrolysate, and b the degree of susceptibility of the pretreated
lignocellulosic fiber to cellulase degradation (hydrolysis). Lignocellulosic
fibers [3% (w/v) DS] were pretreated by various concentrations of H2SO4

at 121°C, 15 lb/in2 for 30 min, then saccharified by cellulase GC 220
(62 U/g) at 40°C, pH 6 for 72 h. Solid bars Reducing sugar level, hatched
bars glucose level. The data are displayed as the mean±1 SD, and are
derived from triplicate experiments
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(2 m×0.32 m) at an oven temperature of 175°C and a flame
ionization detector (FID) at 150°C. Helium, with a flow rate
of 35 ml/min, was used as the carrier gas.

Results and discussion

Saccharification of starch in cassava pulp

Analysis of the starch hydrolysates, obtained from a 3% (w/v)
DS suspension of cassava pulp saccharified byα-amylase and
glucoamylase as detailed in Materials and methods, revealed
that the obtained glucose levels increased with increasing
glucoamylase levels from 0.4 U/g (11.8 g glucose/l) to a
maximal glucose yield of 22.6 g/l in the presence of
glucoamylase 2 U/g. Indeed, the 23.5 g/l reducing sugar
and 22.6 g/l glucose seen in the hydrolysate under these
conditions represents some 68–70% (w/w) of the total mass
of the cassava, and is close to the 68% (w/w) starch
composition, suggesting a high degree of saccharification.
This starch hydrolysate, once separated from the lignocellu-
losic fiber by filtration and centrifugation, was fermented to
ethanol by S. cerevisiae, while the lignocellulosic fiber was
further pretreated (see next section) and then saccharified by
cellulase to glucose.

Saccharification of lignocellulosic fiber in cassava pulp

Saccharification of cassava pulp (3 g DS) by α-amylase and
glucoamylase generated 1.5 g dry weight of lignocellulosic
fiber, which was found to consist of 40% (w/w) cellulose,
18% (w/w) hemicellulose and 9% (w/w) lignin. Pretreat-
ment of the lignocellulosic fiber mass by suspending [3%
(w/v) DS] in various concentrations of H2SO4 indicated that
the lignocellulosic fiber was most susceptible to cellulase
GC 220 saccharification after treatment with 2% (w/v)
H2SO4 at 121°C, 15 lb/in2 for 30 min (Fig. 1). Increasing
the amount of lignocellulosic fiber loaded from 3% (w/v) to
6% (w/v), reduced the amount of sugar liberated per gram
of substrate some 1.5-fold but this then remained stable at
∼125 mg / g as the fiber loading level was further increased

up to 8% (w/v) (Fig. 2a). In contrast, the reducing sugar
concentration in the hydrolysate increased 1.6- and a further
1.4-fold as the amount of lignocellulosic fiber loaded was
increased from 3% (w/v) to 6 and 8% (w/v), respectively
(Fig. 2b).

A lignocellulosic fiber loading of 6% (w/v) DS was thus
selected based upon the homogeneity of the substrate
during pH adjustment and the degree of cellulase sacchar-
ification. The reducing sugar level obtained from pretreat-
ment of the 6% (w/v) DS lignocellulosic fiber, suspended in
2% (w/v) H2SO4 at 121°C, 15 lb/in2, reached a maximal
level of 22 g /l after 30 min of treatment (being only ∼21.6
and ∼21.7 g/l at 15 and 45 min autoclaving, respectively)
where, at this time, the fermentation inhibitory byproducts
of furfural, hydroxymethylfurfural, 4-hydroxylbenzaldehyde,
syringaldehyde and vanillin, all remained below the detection
thresholds of these assays (Table 1). The glucose yield
obtained after saccharification of the H2SO4 pretreated
lignocellulosic fiber by cellulase GC 220 increased with
increasing hydrolysis time from 15 g/l at 0 h to a maximum
glucose yield of 26.6 g/l at 9 h, and remained at this level at
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Fig. 3 Effect of Ca(OH)2 concentration on the subsequent suscepti-
bility of the lignocellulosic fibers to cellulase degradation (hydrolysis).
Lignocellulosic fibers (6% (w/v)) were pretreated with the indicated
concentration of Ca(OH)2 at 121°C, 15 lb/in2 for 30 min, and then
hydrolyzed by cellulase GC 220 (62 U/g) at 40°C, pH 6 for 72 h. The
data are displayed as the mean±1 SD, and are derived from triplicate
experiments

Table 1 Sugars and byproducts from H2SO4 and Ca(OH)2 pretreatment
of lignocellulosic fibers. Lignocellulosic fiber [6% (w/v)] was pretreated
by 2% (w/v) H2SO4 or 0.1% (w/v) Ca(OH)2 at 121°C, 15 lb/in2 for

30 min. The results are displayed as the mean±1 SD, and are derived
from triplicate determinations. HMF Hydroxymethylfurfural

Pretreatment byproducts(g/1)

Pre-treatment Glucose Xylose Purpural HMF Syringaldehyde 4-Hydroxybenzaldehyde Vanillin

H2SO4 8.4±0.01 8.2±0.06 - - - - -

Ca(OH)2 0.16±0.01 0.08±0.01 - - - - 0.02±0.0003

-Not detected
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all longer time points up to 72 h. This 26.6 g/l glucose
containing hydrolysate, equivalent to 79.8% (w/w) of the dry
cassava pulp, was then fermented to ethanol (see Ethanol
fermentation).

This glucose yield reported here is considerably higher
than that reported previously by Srinorakutara et al. (2006),
who reported a yield of 6.2% (w/v) of reducing sugar after
treatment of cassava pulp [65.37% (w/w) DS starch
content] at an initial substrate loading of 11% (w/v) DS
using a mixture of cellulase (15 units/g) and pectinase
(4.7 units/g) for 1 h followed by saccharifying by α-
amylase (24 units/g) for 2 h and glucoamylase (0.66 units/g)
for 24 h.

Pretreatment of the lignocellulosic fiber by calcium
hydroxide was found to be counterproductive since it
significantly decreased the subsequent susceptibility to
cellulase digestion (hydrolysis) in a dose-dependent manner
(Fig. 3). Certainly, alkaline pretreatment has been reported
to cause solubilization, redistribution and condensation of
lignin and modifications in the crystalline state of the
cellulose that can lower or counteract the positive effects of
lignin removal and cellulose swelling (Gregg and Saddler
1996). Likewise, it has been reported previously that the

cellulose structure is changed to a form that is denser and
thermodynamically more stable than the native cellulose by
alkaline pretreatment (Pettersen 1984). Analysis of the
calcium hydroxide pretreated hydrolysate revealed the
presence of vanillin at 0.02 mg/ml, while furfural, hydrox-
ymethylfurfural, 4- hydroxybenzaldehyde and syringalde-
hyde all remained below detectable limits (Table 1).

Ethanol fermentation

The starch hydrolysate, and the H2SO4 / cellulase treated
lignocellulosic fiber hydrolysate, were each supplemented
with (NH4)2SO4 [0, 0.2, 0.4 and 0.6% (w/v)] and then
fermented to ethanol by S. cerevisiae at 30°C, pH 4.5,
without shaking for 72 h. However, neither hydrolysate
required (NH4)2SO4 supplementation as no enhanced
ethanolic fermentation was observed upon the addition of
(NH4)2SO4. The maximum ethanol yields attained for the
starch and the H2SO4/cellulase treated lignocellulosic fiber
hydrolysates after 48 h of incubation were 9.9 and 11.9 g/l,
respectively (Fig. 4). The experimental steps showing the
glucose and ethanol yields in each step are shown in Fig. 5.
Detoxification of the lignocellulosic fiber hydrolysate after
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Fig. 4 Effect of the fermentation period on the level of ethanol
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Cassava pulp (3 g)

S. cerevisiae Diluted sulfuric acid pretreatment

Ethanol (0.99 g) Glucose (0.55 g) 

Cellulase hydrolysis

Glucose (0.665 g) 

S. cerevisiae

α-amylase/glucoamylase

Glucose (2.26 g) Lignocellulosic fiber (1.5 g)

Ethanol (0.298 g) 

Fig. 5 Schematic summary of
the experimental steps showing
the glucose and ethanol
yields obtained
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H2SO4 pretreatment did not increase the ethanol yield
above that found for the H2SO4 / cellulase fiber hydro-
lysates (data not shown).

However, it should be noted that carboxylic acids are
important byproducts formed during the lignocellulose
pretreatment step in addition to furan derivatives and
water-soluble lignin degradative compounds (Millati et al.
2002).

Conclusions

Based on the method described herein, the hydrolysis of
cassava pulp (3 g), which consisted of 67.8% (w/w) starch
and 11.2% (w/w) lignocellulosic fiber, by α-amylase and
glucoamylase yielded glucose (2.26 g) and 1.5 g (DS) of
lignocellulosic fiber. Fermentation of the resultant glucose
to ethanol by S. cerevisiae yielded 0.99 g ethanol.

Diluted sulfuric acid pretreatment and hydrolysis of the
pretreated lignocellulosic fiber (1.5 g, DS) by cellulase
resulted in the production of 0.665 g glucose, which upon
subsequent fermentation by S. cerevisiae gave 0.298 g
ethanol. Therefore, the total ethanol yield was 0.44 g
ethanol /g glucose, and 0.429 g ethanol/g (DS) of cassava
pulp.

Acknowledgments The authors thank Dr. Robert Butcher for
critical reading of this manuscript. This study was financially
supported by the Thai Government Stimulus Package 2 (TKK
2555), under the Project for Establishment of Comprehensive
Center for Innovation Food, Health Products and Agriculture, the
Ratchadapisek Somphot Endowment Fund (AG 001B) and the
Thailand Institute of Scientific and Technological Research
(TISTR). We thank two anonymous referees for their helpful
comments that improved this manuscript.

References

Balagopalan C, Ray RC, Sheriff JT, Rajalekshmy L (1994).
Biotechnology for the value addition of waste waters and
residues from cassava processing industries. In: Proceedings of
the second international scientific meeting of the cassava
biotechnology network. Bogor, Indonesia, 22–26 August 1994.
Working document no. 150, Centro International de Agricultura
Tropical (CIAT). Cali, Columbia. 690-701

Gregg D, Saddler JN (1996) A techno-economic assessment of the
pretreatment and fractionation steps of a biomass-to-ethanol
process. Appl Biochem Biotechnol 57-58(1):711–727

Gupta R, Sharma KK, Kuhad RC (2009) Separate hydrolysis and
fermentation (SHF) of Prosopis juliflora, a woody substrate, for
the production of cellulosic ethanol by Saccharomyces cerevisiae
and Pichia stipitis- NCIM 3498. Bioresour Technol 100:1214–
1220

Millati R, Niklasson C, Taherzadeh MJ (2002) Effect of pH, time
and temperature of overliming on detoxification of dilute-acid
hydrolyzates for fermentation by Saccharomyces cerevisiae.
Process Biochem 38:515–522

Office of the National Economic and Social Development Board
(2007) Development and promotion guideline for biochemical
industry. Research and Consulting Institute. Thammasart University,
Thailand

Pettersen RC (1984) The chemical composition of wood (chapter 2).
In: Rowell RM (ed) The chemistry of solid wood, Advances
in Chemistry Series, vol. 207. American Chemical Society,
Washington, DC, p 984

Somogyi M (1952) Notes on sugar determination. J Biol Chem
195:19–23

Srinorakutara T, Kaewvimol L, Saengow L (2006) Approach of
cassava waste pretreatments for fuel production in Thailand. J Sci
Res Chula Univ 31(1):77–84

Sriroth K, Chollakup R, Chotineeranat S, Piyachomkwan K, Oates CG
(2000) Processing of cassava waste for improved biomass
utilization. Bioresour Technol 71:63–69

TAPPI (1988) Test method for determination of alpha-beta and
gamma-cellulose in pulp. Technical Association of Pulp and
Paper Industry, 203 om-88. TAPPI, Atlanta, Georgia

436 Ann Microbiol (2011) 61:431–436


	Evaluation of the waste from cassava starch production as a substrate for ethanol fermentation by Saccharomyces cerevisiae
	Abstract
	Introduction
	Materials and methods
	Cassava pulp
	Microorganism
	Saccharification of starch in cassava pulp
	Saccharification of lignocellulosic fiber in cassava pulp
	Detoxification of lignocellulosic fiber-acid hydrolysate
	Ethanol fermentation
	Analytical procedures

	Results and discussion
	Saccharification of starch in cassava pulp
	Saccharification of lignocellulosic fiber in cassava pulp
	Ethanol fermentation

	Conclusions
	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


