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Abstract Cotton stalk, a lignocellulosic waste material, is composed of xylose that can be
used as a raw material for production of xylitol, a high-value product. There is a growing
interest in the use of lignocellulosic wastes for conversion into various chemicals because
of their low cost and the fact that they are renewable and abundant. The objective of the
study was to determine the effects of H2SO4 concentration, temperature, and reaction time
on the production of sugars (xylose, glucose, and arabinose) and on the reaction by-
products (furfural and acetic acid). Response surface methodology was used to optimize the
hydrolysis process in order to obtain high xylose yield and selectivity. The optimum
reaction temperature, reaction time, and acid concentration were 140 °C, 15 min, and 6%,
respectively. Under these conditions, xylose yield and selectivity were found to be 47.88%
and 2.26 g g−1, respectively.
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Introduction

There is an increasing interest in the utilization of lignocellulosic wastes for industrial
purposes because these are inexpensive, renewable, and widely available in nature. Cotton
stalk is one of the widely distributed and abundant lignocellulosic wastes found in Turkey
[1]. Since cotton stalk is mainly composed of hemicellulose, cellulose, and lignin, it can be
used as a renewable material for production of value-added products [2, 3] such as ethanol,
glucose, xylose, and xylitol.
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The hemicellulose content of cotton stalks was reported to be between 15% and 25% [2,
4]. The main component of the hemicellulosic fraction is xylan, a heteropolysaccharide
with homopolymeric backbone of xylose units [5]. This pentose sugar can be a source for
production of chemicals including food-related products. One such compound is xylitol, a
five-carbon sugar alcohol that is equivalent to sucrose in sweetness. It not only occurs
widely in nature but is also produced in human metabolism. Unlike sucrose, this natural
sweetener is anticariogenic and can be consumed by diabetics because it is metabolized by
an insulin-independent pathway. Since it has a high negative heat of solution, it gives a
pleasant cool and fresh sensation [6]. It has been used in various food products such as
chewing gum, candy, soft drinks, and ice cream [7, 8].

The hemicellulosic fraction of lignocellulosic materials can be easily hydrolysed
by mild acid treatment due to its amorphous structure, whereas cellulosic and lignin
fractions remain unaltered. Although controlled acid hydrolysis of lignocellulosic
biomass mainly produces xylose from hemicellulose, other by-products such as
glucose, acetic acid, and furfural are produced in low amounts [9]. Hemicellulose
hydrolysis of different lignocellulosic materials using dilute acid has been studied by
many researchers [9–14]. The results showed that the amount of sugar released during
hydrolysis is dependent on the type of material and operating conditions of the experiment
including temperature reaction time and acid concentration [9]. Hydrolysis of hemicellulosic
fraction involves the production of sugar and degradation of sugars to various products [14].
Acid concentration is the most important parameter that affects the sugar yield, while
temperature is mainly responsible for the degradation of sugars to various by-products such
as furfural [9] which strongly affects the microbial metabolism during xylitol production. To
overcome this problem, it is necessary to run the hydrolysis reaction at less severe conditions
to keep the degradation products at low concentrations.

As there has been no study on the use of acid hydrolysis of cotton stalks to produce
xylose, this was the objective of the present investigation. For this purpose, the present
study deals with the effect of acid concentration, reaction temperature, and reaction time on
the yield of sugars (xylose, glucose, and arabinose) and the reaction by-products (furfural
and acetic acid). Response surface methodology was used as a statistical design to optimize
the formation of xylose in the hydrolysate.

Materials and Methods

Materials

Cotton stalks were collected from local farmers in Turkey. These were air-dried and milled
into particles with 1–5 mm long and 1 mm thick. Aminex HPX 87H column (dimension
300×7.8 mm; average particle size 25 μm) and cation H cartridge were purchased from
Bio-Rad Laboratories, Hercules, CA, USA. All the chemicals were analytical grade
obtained either from Sigma Chemical Company, MO, USA, or Merck KGaA, Germany.

Cotton Stalks Composition

The stalks were analyzed following standard methods for the determination of moisture,
ash, and lignin [15]. Moisture and ash were determined gravimetrically by desiccation of
the samples at 105 °C and by ignition in an oven at 600 °C, respectively. Klason lignin
(acid insoluble lignin) was gravimetrically measured as the insoluble fraction after digestion
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with 72% sulfuric acid. Acid soluble lignin was determined by measuring the UV
absorption at 205 nm using an extinction coefficient of 1,101 g−1 cm−1 [11]. Uronic acid
was determined spectrophotometrically using glucoronic acid as a standard for quantifica-
tion [16]. The protein content of the cotton stalk was measured by the Kjeldahl method
(Protein=6.25×N).

The polysaccharides in the stalk were hydrolyzed according to Browning [17], and the
monosaccharides composition was determined. Ground cotton stalk (300 mg) was mixed with
72% (w/w) sulfuric acid (3 mL), and the mixture was held at 30 °C for 1 h with stirring. The
concentration of acid in the mixture was adjusted to 4.0% by adding water, and the mixture
was refluxed for 2 h. The sugars in the aliquot of the hydrolysate were assayed by HPLC as
described below. The monosaccharide presents in the hydrolysate were converted to percent
monosaccharides: D-glucose to glucan, D-xylose to xylan, and D-arabinose to arabinan.

Acid Hydrolysis

Hydrolysis experiments were performed in a 100-mL stainless-steel pressure batch reactor.
The reactor was loaded with 2 g of cotton stalk and 20 mL of sulfuric acid solution. The
reactions were carried in the range of 100–140 °C under different sulfuric acid
concentrations (2–6% w/v H2SO4) and residence times (15–45 min). After the reaction
was completed, the solid material was separated with filtration, and the filtrate was analyzed
for xylose, glucose, acetic acid, and furfural.

Analytical Methods

Hydrolysate samples were analyzed byHPLC system (Perkin Elmer) equippedwith a refractive
index detector (Perkin Elmer Series 200) and column oven (Perkin Elmer Series 200) on
Aminex HPX 87H (300×7.8 mm), which was preceded by its complementary cation H
cartridge. Before injection, samples were filtered through 0.22-μm filter. Aliquots of filtered
sample (20 μL) were injected to the HPLC system. Sugars and acetic acid were eluted with
5 mmol L−1 H2SO4 as the mobile phase. Operational conditions were 45 °C and a flow rate of
0.5 mL min−1 [11]. A complete analysis was carried out in 70 min. Concentrations were
determined by comparing the average peak areas of samples and standards (xylose, glucose,
arabinose, acetic acid) and expressed as milligram per milliliter of sugar.

Furfural was analyzed by absorbance at 277 nm using a standard curve derived from a
known concentration of furfural [18].

Experimental Design and Response Surface Methodology

A 23 rotatable central composite design was used to fit a second-order model and the design
consisted of 20 sets of experiments. The quadratic model was selected for predicting the
optimal point and is expressed as

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b11X1
2 þ b22X2

2 þ b33X3
2 þ b12X1X2 þ b13X1X3

þ b23X2X3 ð1Þ

where Y represents response variables (xylose yield and selectivity), b0 is the interception
coefficient, b1, b2, and b3 are the linear terms, b11, b22, and b33 are the quadratic terms, and
X1, X2, and X3 represent the variables studied.
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The Design Expert v. 7 (Stat-Ease Inc., Minneapolis, MN) was used for regression and
graphical analyses of the data obtained. Fischer’s test was used to determine the type of
model equation, while the Student’s t test was performed to determine the statistical
significance of regression coefficients.

Results and Discussıon

Composition of Cotton Stalk

The chemical compositions of lignocellulosic biomass vary depending on the growing
location, season, harvesting methods, as well as analysis process. The structures of these
materials are very complex, but a detailed knowledge of their composition is necessary to

Table 1 Composition of the raw material, expressed as percent of dry weight

Components Content (g/100 g cotton stalk)

Glucan 33

Xylan 17

Arabinan 0.8

Acetyl groups 2.0

Uronic acid 7.5

Klason lignin 28

Acid soluble lignin 1.8

Proteins 1.7

Ash 3.8

Others (by diff.) 4.4

0

2

4

6

8

10

12

0.7 0.1 0.3 1.0 1.9 0.7 1.0 1.0 1.1 0.2 0.2 1.0 1.4 1.7 2.1 1.4 1.1 -0.1 1.0 1.3

1 2 3 4 5 6 7 8 9 10 11 14 15 16 17 18 19 2012 13Run

g
 L

-1

Log R 0

Xylose Glucose Arabinose Acetic acid Fufural

Fig. 1 Formation of xylose, glucose, arabinose, acetic acid, and furfural under selected hydrolysis conditions
and severity factors (R0=[10

-pH×t×exp(T-100)/14.75]) (t time; T temperature) of the pretreatments calculated
from pH of hydrolysate
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calculate the theoretical yields of xylose. Table 1 shows the chemical composition of cotton
stalk. Although a different method was used for the quantification of xylan and cellulose,
the main polymeric components of the cotton stalk based on dry weight are glucan (33%),
xylan (17%), and klason lignin (28%), which is in agreement by previous studies [4]. Other
components (acid soluble lignin, protein, and ash) have also been determined. The rest of
the components (extractives such as hot water, cold water, or ethanol extractives) have
minor importance in this study and are reported as others. According to Table 1, the
potential maximum concentration of xylose produced in the hydrolysate was 19.66 g L−1.

Table 2 Experimental range and levels of independent process variables

Independent variable Symbol Range and levels

−α −1 0 +1 +α

Temperature (°C) X1 86 100 120 140 154

Reaction time (min) X2 5 15 30 45 55

Acid concentratin (%) X3 1 2 4 6 7

Table 3 Experimental design and results obtained by hydrolysis of cotton stalk

Runs Variables Responses

X1 X2 X3 Y1 (%) Y2 (g/g)

1 −1 1 1 11.74 1.55

2 −1 −1 −1 0.36 1.53

3 0 0 −1.68 0.54 1.16

4 0 0 0 10.18 1.62

5 1.68 0 0 45.23 1.83

6 −1 1 −1 1.17 1.53

7 0 0 0 8.57 1.63

8 0 0 0 8.51 1.49

9 0 0 0 6.58 1.61

10 −1 −1 1 7.09 1.99

11 0 −1.68 0 20.07 2.23

12 1 −1 −1 22.30 1.50

13 0 0 1.68 19.30 1.72

14 1 −1 1 48.34 2.22

15 1 1 1 43.59 1.99

16 1 1 −1 27.89 1.70

17 0 0 0 8.86 1.46

18 −1.68 0 0 0.24 1.95

19 0 0 0 12.07 1.74

20 0 1.68 0 26.62 1.52

Y1 (xylose yield)=100×(Xyl/Xylmax); Y2 (selectivity)=Xyl/Glc, Xyl=xylose concentration obtained in the
hydrolysate Xylmax=maximum xylose concentration (19.66 g l−1 ) based on the xylan concentration, Glc=
glucose concentration obtained in the hydrolysate
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Sugar and By-Product Formation

The xylose and glucose concentrations showed a dependence on the experimental operating
conditions, which were also explained by severity factor (R0; Fig. 1). The severity factor
combines the experimental effects of temperature, reaction time, and acid concentration for
easy comparison of results [19]. The highest xylose concentration was 9.52 g L−1, achieved
at 140 °C for 15 min with 6% of acid concentration (LogR0=1.7). During the hydrolysis of
cotton stalks, other sugars were released, mainly glucose. These originated from cellulosic
fraction or some heteropolymers of hemicellulosic fraction. With the increase in the severity
factor, the glucose concentration also increased. The high concentration of glucose in the
fermentation media adversely affects microbial conversion of xylose to xylitol [20].
Therefore, it is necessary to optimize the hydrolysis parameter to keep the glucose level low
in the hydrolysate. Because plant xylans are partially acetylated, the concentration of acetic
acid coming from the hydrolysis of the acetyl groups also increased with the severity factor.
During the production of xylose, another reaction is taking place—dehydration of xylose to
furfural. It is necessary to monitor temperature, acid concentration, and time to control this
reaction. When the operating temperature and the reaction time were 154 °C and 30 min,
respectively, and the acid concentration was maintained at 4% (LogR0=1.9), glucose
(4.90 g L−1), acetic acid (1.51 g L−1), and furfural (1.27 g L−1) concentrations were at a
maximum. In all experiments, arabinose concentration remained between 0.1 and 0.8 g L−1.

Statistical Modeling

The experimental range and levels of independent variables investigated are given in
Table 2. The design of this research including the dependent variables or responses, xylose
yield (Y1) and selectivity (Y2), are given in Table 3. The quadratic models with coded
variables are shown in Eqs. 2 and 3, which represent the xylose yield (Y1) and selectivity
(Y2) as a function of temperature (X1), time (X2), and acid concentration (X3).

Y1 ¼ 9:06þ 14:38X1 þ 1:27X2 þ 0:67X3 þ 4:90X1
2 þ 5:33X2

2 þ 0:66X3
2

� 0:58X1X2 þ 3:06X1X3 � 0:81X2X3 ð2Þ

Y2 ¼ 1:59þ 0:043X1 � 0:12X2 þ 0:19X3 þ 0:11X1
2 þ 0:11X2

2 � 0:061X3
2

þ 0:052X1X2 þ 0:068X1X3 � 0:11X2X3 ð3Þ

Table 4 Analysis of variance for xylose yield ad selectivity

Source Sum of squares Degrees of freedom Mean square F value P value

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2

Model 4261.83 1.18 9 9 473.54 0.13 71.24 6.63 <0.0001 0.0033

Residual 66.47 0.20 10 10 6.65 0.020

Lack of fit 49.45 0.14 5 5 9.89 0.29 2.91 2.76 0.1333 0.1443

Pure error 17.02 0.052 5 5 3.40 0.01

Total 4237.54 1.37 19 19

R2 0.98 0.86
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Fig. 3 Effect of H2SO4 conentration and reaction time on xylose yield when temperature was set at 120 °C
as the center point
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Regression analysis was performed to fit the response function and experimental data.
The second-order model for xylose yield and selectivity was evaluated by ANOVA, which
is shown in Table 4. For both responses, the regression was statistically significant at the
95% confidence level. The model for both responses did not show lack of fit. The
determination coefficient (R2) for the first (Y1) and the second responses (Y2) was 0.98 and
0.86, respectively, explaining 98% and 86% of the variability in the responses.

Figures 2, 3, 4, and 5 show the response surfaces to estimate the xylose yield and
selectivity over the independent variables of temperature (X1), time (X2), and acid
concentration (X3). Figure 2 shows the effect of temperature and time on xylose yield
when acid concentration was set at 4% as the center point. The maximum xylose yield
(34%) was obtained at 140 °C and 45 min reaction time. When the reaction temperature
was set at 120 °C as a center point, as shown in Fig. 3, it was interpreted that the maximum
xylose yield (22%) was obtained with a 6% acid concentration and 45 min reaction time.
Figure 4 shows the effect of temperature and time on selectivity. When the acid
concentration was set at 4% as the center point, the maximum selectivity (1.8 g g−1) was
obtained at 140 °C and 45 min of reaction time. When the reaction temperature was set at
120 °C as the center point, maximum selectivity (2.1%) was obtained with a 6% acid
concentration and 15 min reaction time (Fig. 5).

When the overall xylose yield and selectivity of this study were compared with the
previous studies done with wheat straw [12], rice straw [14], and oil palm empty fruit
bunch fiber [9], it was found that xylose yield and selectivity were lower. Generally, in
lignocellulosic biomass, xylan exists in xylan–lignin complex and becomes resistant to
hydrolysis. Therefore, the higher amount of lignin in the cotton stalk (Table 1) limited the
xylan hydrolysis and decreased xylose yield and selectivity.
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Based on the two models, a graphical optimization was conducted with the help of
the “Design-expert” program. Optimization method consists of overlaying the contour
plots of both models. The optimal working conditions, based on high level of xylose
yield and selectivity, were chosen using the following criteria: xylose yield >40 and
selectivity >2 g g−1. In the overlaying plot (Fig. 6), regions with a shaded area do not fit
the optimization criteria, while the non-shaded area meets the optimization criteria. As an
optimum point, 6% acid concentration, 140 °C, and 15 min were selected. Under this
condition, the severity factor of this treatment, calculated as LogR0, was found to be 1.7.
To confirm these results, hydrolysis runs were conducted in triplicate at optimized
conditions, and the xylose yield and selectivity were obtained as 47.88% and 2.26 g g−1,
respectively. Under these conditions, acetic acid and furfural level were calculated as 1.39
and 0.43 g L−1, respectively.

Conclusion

Dilute-acid hydrolysis is a suitable process to produce sugars from cotton stalk for further
processing to different value added products. Hydrolysis of cotton stalk was carried out with
dilute sulfuric acid under different operating conditions to produce xylose. A 23 rotatable
central composite design was used in designing the experiments, and response surface
methodology was used to optimize the hydrolysis conditions. The optimum yield of xylose
and selectivity were 47.88% and 2.26 g g−1, respectively, at a temperature of 140 °C, an acid
concentration of 6%, and a reaction time of 15 min with low generation of by products. Under
selected hydrolysis conditions, cotton stalk demonstrated to be a promising source of xylose
which could be used for the production of different chemicals, mainly xylitol.

Acknowledgment This work was supported by The Scientific and Technological Research Council of
Turkey.

References

1. Bascetincelik, A., Ozturk, H.H., Karaca, C., Kacira, M., Ekinci, K., Kaya, D., Banan, A., Gunes, K.,
Komitti, N., Barnes, I. and Nieminen, M. (2006). Guide on exploitation of agricultural residues in
Turkey life 03 TCY/TR/000061.

2. Jeoh, T. (1988). Master Thesis. Blacksburg: Virginia Polytechnic Institute and State University.
3. Silverstein, R. A., Chen, Y., Sharma-Shivappa, R. R., Boyerre, M. D., & Osborne, J. (2007). Bioresource

Technology, 98, 3000–3011.
4. Akpinar, O., Ak, O., Kavas, A., Bakir, U., & Yilmaz, L. (2007). Journal of Agricultural and Food

Chemistry, 55, 5544–5551.
5. Saha, B. C. (2003). Journal of Industrial Microbiology & Biotechnology, 30, 279–291.
6. Parajo, J. C., Dominguez, H., & Dominguez, J. M. (1995). Bioprocess Engineering, 13, 125–131.
7. Olinger, P. M., & Pepper, T. (2001). In L. O. Nabors (Ed.), Alternative Sweetener: Xylitol (pp. 335–365).

New York: Marcel Decker.
8. Rivas, B., Dominguez, J. M., Domingues, H., & Parajo, J. C. (2002). Enzyme and Microbial Technology,

31, 431–438.
9. Rahman, S. H. A., Choudhury, J. P., Ahmad, A. L., & Kamaruddin, A. H. (2007). Bioresource

Technology, 98, 554–559.
10. Herrera, A., Tellez-Luist, S. J., Ramirez, J. A., & Vazquez, M. (2003). Journal of Cereal Science, 37,

267–274.

324 Appl Biochem Biotechnol (2011) 163:313–325



11. Canettieri, E. V., Moraes Rocho, G. J., Carvalho, K. A., Jr., & Almeida e Silva, J. B. (2007). Bioresource
Technology, 98, 422–428.

12. Liavoga, A. B., Bian, Y., & Seib, P. A. (2007). Journal of Agricultural and Food Chemistry, 55, 7758–7766.
13. Roberto, I. C., Felipe, M. G. A., Mancilha, I. M., Vitolo, M., Sato, S., & Silva, S. S. (1995). Bioresource

Technology, 51, 255–257.
14. Roberto, I. C., Mussatto, S. I., & Rodrigues, R. C. L. B. (2003). Industrial Crops and Products, 17, 171–176.
15. ASTM. (1993). Annual Book of ASTM Standards. Philadelphia: American Society for Testing and

Materials. 04.09.
16. Melton, L. D., & Smith, B. G. (2002). In R. E. Wrolstad, T. E. Acree, E. A. Decker, M. H. Penner, D. S.

Reid, S. J. Schwartz, C. F. Shoemaker, D. Smith, & P. Sporns (Eds.), Current Protocols in Food
Analytical Chemistry: Determination of the Uronic Acid Content of Plant Cell Walls Using a
Colorimetric Assay (pp. E3.3.1–E3.3.4). New York: Wiley.

17. Browning, B. L. (1967). in Methods of Wood Chemistry: Determination of Sugars (pp. 589–590). New
York: Inter-Science.

18. William, S. (1997). AOAC official methods of analysis: furfural in distilled liquors. Arlington: AOAC.
19. Kabel, M. A., Bos, G., Zeevalking, J., Voragen, A. G. J., & Schols, H. A. (2007). Bioresource

Technology, 98, 2034–2042.
20. Walther, T., Hensirisak, P., & Agblevor, F. A. (2001). Bioresource Technology, 76, 213–220.

Appl Biochem Biotechnol (2011) 163:313–325 325


	The Optimization of Dilute Acid Hydrolysis of Cotton Stalk in Xylose Production
	Abstract
	Introduction
	Materials and Methods
	Materials
	Cotton Stalks Composition
	Acid Hydrolysis
	Analytical Methods
	Experimental Design and Response Surface Methodology

	Results and Discussıon
	Composition of Cotton Stalk
	Sugar and By-Product Formation
	Statistical Modeling

	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


