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Abstract—Hydrothermal fractionation for micro-algae, Schizocytrium sp., was investigated to separate sugars, lipids, and
proteins. This fractionation process produced protein-rich solid cake and liquid hydrolysates, which contained oligo-
meric sugars and lipids. Oligomeric sugars and lipids were easily separated by liquid-liquid separation. Sugars in the
separated hydrolyzate were determined to be mainly D-glucose and L-galactose. Fractionation conditions were optimized
by response surface methodology (RSM). Optimal conditions were found to be 115.5 °C of reaction temperature, 46.7
min of reaction time, and 25% (w/w) of solid loading. The model predicted that maximum oligomeric sugar yield (based
on untreated micro-algae weight), which can be recovered by hydrothermal fractionation at the optimum conditions,
was 19.4 wt% (based on the total biomass weight). Experimental results were in agreement with the model prediction of
16.6 wt%. Production of bioethanol using micro-algae-induced glucan and E. coli KO11 was tested with SSF (simulta-
neous saccharification and fermentation), which resulted in 11.8 g-ethanol// was produced from 25.7 g/l of glucose;
i.e. the theoretical maximum ethanol yield based on glucan in hydrolyzate was 89.8%.

Key words: Biofuel, Simultaneous Saccharification and Fermentation (SSF), Fractionation, KO11, Hot Water, Schizochytrium

sp.

INTRODUCTION

Energy consumption throughout the world has drastically increased
during the past several decades. Over 80% of our energy demands
are met by the combustion of fossil fuels such as oil, coal and natural
gas [1]. These fossil resources are finite, which will finally lead to
the predictable depletion of fossil resources in the near future. It
will also cause an accelerated increase of the carbon dioxide in the
atmosphere, which is one of the major green house gases.

Bioethanol produced from various renewable feedstocks such as
lignocellulosic biomass is currently considered as a clean and renew-
able energy, which is an ideal substitute for gasoline. Recent research
and development efforts have been focused on the commercializa-
tion of ethanol production and development of abundant and inex-
pensive renewable resources other than lignocellulosic biomass such
as crop residues and biomass waste [2-10], municipal solid wastes
[11-14], municipal sludge [15], and dairy and cattle manures [16].
In the past, micro-algae have been primarily considered as a feed-
stock to produce biodiesel [17-20] and to produce high-value prod-
uct such as docosahexaenoic acid (DHA) due to their high lipid con-
tent [21]. It was also reported that micro-algae have high a poten-
tial to produce bioethanol because they contain polysaccharides,
i.e., glucan and galactan [22,23].

Microalgae are unicellular algae which normally grow in sus-
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pension within a body of water. Micro-algae have many advantages
as biofuel feedstocks; they have high growth rates, they can pro-
duce up to 300 times more oil per acre than conventional crops, such
as rapeseed, palms, soybeans, or Jatropha, and they have higher pho-
tosynthetic efficiency than other biomasses [24,25]. Matsumoto et al.
also reported micro-algae have the potential to be a better substrate
than lignocellulosic biomass [26].

Micro-algae consist of three major components: lipids/natural
oils, proteins and carbohydrates. The oil content of microalgae is
typically 20-50 wt% depending upon the species. It was observed
that nitrogen-deficient conditions resulted in higher carbohydrate
production and reduction of protein [21,27].

If micro-algae are easily fractionated to sugar and lipid compo-
nent for bioethanol or biodiesel production, and sugar or lipid produc-
tion is optimized, the utilization of micro-algae as a feedstock for
biofuel production can be maximized. Unfortunately, the previous
method for lipid extraction from micro-algae contains several toxic
chemicals and processing steps [28].

In this study, hydrothermal treatment was used to fractionate
Schizochytrium sp., which is currently being used for commercial
DHA production [29]. The hydrothermal pretreatment was carried
out to easily fractionate the micro-algae to the sugar and lipid phase.
A feasibility study of bioethanol fermentation using hot water frac-
tionated micro-algae was also performed. The production of sugar
for bioethanol fermentation from micro-algae was optimized by a
response surface methodology (RSM) based on the 2° factorial cen-
tral composite design (CCD).
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Table 1. Composition of Schizocytrium sp. used in this study

Composition Value
Carbohydrate (wt%) 17.3
Glucan 10.8
Galactan 6.5
Lipid (wt%) 25.1
DHA 8.2
MATERIALS AND METHODS
1. Feedstock

Schizochytrium sp. was purchased in the form of a dried orange
powder from NOVUS (DHA Gold, St. Charles, MO, USA). The
compositional analysis of Schizochytrium sp. is presented in Table 1.
2. Enzyme and Microorganisms

Spezyme Xtra (Product Code A05347, Genencor International Inc.,
Rochester, NY, USA), and Distillase 400 (Product Code A060515,
Genencor International Inc., Rochester, NY, USA) were used for
enzymatic saccharification of Schizochytrium sp. The activity of
Spezyme Xtra was 14,000 o~amylase units (AAU)/g (one AAU
unit of a-amylase activity is defined as the amount of enzyme re-
quired to hydrolyze 10 mg of starch per minute under specified con-
ditions) and the activity of Distillase L400 was 350 glucoamylase
units (GAU)/g (one GAU unit is defined as the amount of enzyme
that will liberate one gram of reducing sugars, which is calculated
as the amount glucose per hour from soluble starch substrate under

Fig. 1. Laboratory hydrothermal treatment reactor set up.

the conditions of the assay).

E. coli KO11 was used for the ethanol fermentation. The strain
was grown on LB medium containing 40 mg/L. chloramphenicol.
The cells were cultured in a shaking incubator at 37 °C and 150 rpm.
3. Experimental Setup and Operation for Hydrothermal Frac-
tionation

The reaction was performed in temperature-programmable GC
oven (Hewlett Packard 5890A, Agilent Technologies, Santa Clara,
CA, USA). The reactor (10 en’ of internal volume) was constructed
out of 240 mm of stainless tubing with an ID of 23 mm. The reactor

Table 2. Experimental design (conditions and responses) for hydrothermal fractionation

Run Temp. (°C), X, Time (min), X, Solid loading (%), X; Total oligomeric sugar content (wt%), Y,
1 -1.00 90 -1.00 30 -1.00 10 16.33
2 +1.00 150 -1.00 30 -1.00 10 16.71
3 -1.00 90 +1.00 60 —-1.00 10 16.5
4 +1.00 150 +1.00 60 —-1.00 10 13.66
5 —-1.00 90 -1.00 30 +1.00 20 17.60
6 +1.00 150 —-1.00 30 +1.00 20 15.79
7 -1.00 90 +1.00 60 +1.00 20 17.33
8 +1.00 150 +1.00 60 +1.00 20 13.61
9 —-2.00 60 0.00 45 0.00 15 16.10

10 +2.00 180 0.00 45 0.00 15 5.08
11 0.00 120 -2.00 15 0.00 15 16.20
12 0.00 120 +2.00 75 0.00 15 17.72
13 0.00 120 0.00 45 -2.00 5 16.24
14 0.00 120 0.00 45 +2.00 25 19.89
15 0.00 120 0.00 45 0.00 15 16.85
16 0.00 120 0.00 45 0.00 15 16.23
17 0.00 120 0.00 45 0.00 15 18.85
18 0.00 120 0.00 45 0.00 15 17.03
19 0.00 120 0.00 45 0.00 15 21.62
20 0.00 120 0.00 45 0.00 15 16.77

For statistical calculations, the relationship between the coded values and actual values are described as the following equation: x,=(X;,— X,)/

AX,i=1,2,3, ...k

where; X; is the dimensionless value of an independent variable; X; is the real value of an independent variable; X, is the real value of an indepen-

dent variable at the center point and AX; is the step change of variable
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setup is shown in Fig. 1, and the reaction conditions are summa-
rized in Table 2.

For the hydrothermal fractionation experiment, the biomass sam-
ple was packed into the reactor according to the solid loading ratio.
The total packed volume was 80% of total reactor volume. The oven
was preheated for 15 min to reach the target temperature before each
experiment,

4. Response Surface Methodology

To produce oligomeric sugar from micro-algae, hydrothermal
fractionation conditions were optimized by RSM based on the 2°
factorial central composite design. Twenty experiments were con-
ducted with three variables, and each variable varied at five levels
(a=2) for oligomeric sugar content. Oligomeric sugar content was
the response (dependent) variable. The reduced cubic polynomial
model was fitted for the oligomeric sugar content (Y), giving the
following Eq. (1):

Y=ot Xt Xt s Xt oy 1X12+ a22X§+ 0533X§+ XX,
+0o5: X X5+ 0523X2X3+0(;2X21X2+ a 3X21X3+ a’l’lexi @

where X, X,, and X; represent coded levels of the independent
variables; ¢, is intercept terms; ¢, o, and ¢ are linear terms; o,
oy, and o, are quadric terms; o, a5, @, A, A5, and oY, are
interaction terms. The statistical analysis of the data was performed
using “Design Expert” software (version 7.1.1, Stat-Ease, Inc., Min-
neapolis, USA). The series of experiments designed and conducted
are shown in Table 2.
5. Partial Simultaneous Saccharification and Fermentation

A 250 mL Erlenmeyer flask was used as the bioreactor. It was
shaken in the incubator shaker at 37 °C at 150 rpm under anaerobic
condition. Hydrothermal fractionated liquid phase of micro-algae
was introduced in a reactor of 100 ml of working volume of liquid.
Raw micro-algae in which hydrothermal fractionation was not per-
formed were put through the same procedure as the control. The
loading of amylase enzyme (Spezyme Xtra) was approximately
13,000 AAU/g-glucan and, approximately 660 GAU/g-glucan of glu-
coamylase (Distillase L400). Enzymatic saccharification was per-
formed for 24 h and then E. coli KO11 was inoculated in the bio-
reactor for the bioethanol production. The ethanol yield in partial
SSF test was calculated as follows:

Theoretical maximum ethanol yield (%)
=(Ethanol produced (g) in reactorx100)
/Initial sugar (g) in reactorx0.511

Note: Sugar is interpreted as glucose in the SSCF work.
6. Analytical Method

Sugars and ethanol were determined by HPLC using a Bio-Rad
Aminex HPX-87P and 87H columns and a refractive index detec-
tor. The total fat and fatty acid content were determined by the method
developed by Du et al. [28].

RESULTS AND DISCUSSION

1. Composition Analysis of Schizochytrium sp.

Table 1 shows the initial compositions of Schizochytrium sp. Car-
bohydrate components, which can be potentially converted to ethanol
by ethanol fermenting organisms, were determined by two methods:
enzymatic saccharification by amylase enzyme, and phenol sulfu-

ric acid method [30]. The phenol sulfuric acid method was used to
obtain a more accurate estimate of carbohydrate component. In both
of the methods, glucan and galactan were determined to be from
the carbohydrate of Schizochytrium sp., of which, 10.8 wt% of glu-
can and 0.6 wt% of galactan were determined by enzymatic sac-
charification. However, in case of phenol sulfuric acid methods,
7.2 wt% of glucan and 6.5 wt% of galactan were determined. The
difference of glucan content of the two methods was found to be
from the decomposition of sugar component by sulfuric acid. In the
case of galactan content, it was determined that the enzyme used in
the hydrolysis step did not contain galactanase activity. It should be
noted that although HPLC can analyze galactose, HPLC does not
identify L- and D- form of galactose. However, E. coli KO11 can
consume only D-galactose sugar; therefore, the L-galactose content
in the hydrolysate can be estimated by fermentation of hydrolysate
using E. coli KO11. The total carbohydrate content of Schizochytrium
sp. was approximately 17.3 wt% which included 10.8 wt% of glu-
can and 6.5 wt% of galactan. Our result indicated that the galactan
produced in our hydrothermal fractionation was assumed to be an
L (levo)-form galactose polymer since the L-galactose cannot be
used for ethanol fermentation by E. coli KO11. The carbohydrate
composition found in this study was similar to reported values of
Darley et al. [31]. They mentioned that the sugars of Schizochytrium
aggregatum are glucose and L-form galactose with the principal
sugar being L-form galactose. In addition to the carbohydrate com-
position, approximately 25.1 wt% of Schizochytrium sp. is com-
prised of lipid component, which can be used to produce biodiesel.
Also, among the fatty acid, DHA content was found to be 8.2%.
The strategy in this study was to easily fractionate the sugar and
lipid components in the micro-algae by hydrothermal fractionation
for bioethanol, biodiesel, or high-value product production. Since
the current predominant method uses several toxic chemicals and
complicated processing steps to separate lipid from micro-algae,
the hydrothermal fractionation suggested in this study can result in
a simple conversion scheme that is expected to be environmentally
friendly and economically viable.
2. Statistical Analysis for Hydrothermal Fractionation

Response surface methodology (RSM) based on the 2° factorial
central composite design (CCD) was used to optimize the condi-
tions of hydrothermal fractionation for bioethanol production from
Schizocytrium sp. A central composite factorial design experiment
was performed to examine the combined effects of the three inde-
pendent variables on oligomeric sugar content (Table 2). The CCD
was originally introduced by Box and Willson [32]. Several researches
on CCD are available in the literature [33-37]. Mathematical mod-
els, which represent a reduced cubic polynomial, are given by Eq.
(2), where variables take their coded values.

The reduced cubic polynomial model for ethanol production (Y)
is as follows:

Y=17.9-2.76 X,+0.38 X,+0.91 X,— 1.82 X;—0.23 X;+0.05 X;
—0.64 X,X,~038 X,X,+0.05 X,X;— 1.05 X’X,
—0.77X:X,+1.76 X,X; )

Where, Y represents the responses or, oligomeric sugar content
(%); X,-X, are independent variables (X,: Temperature, X,: Reac-
tion time, and X;: Solid loading).

Korean J. Chem. Eng.(Vol. 29, No. 2)
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Table 3. Analysis of variance for reduced cubic model

Prob

a b c T
Source SS DF* MS¢ F-value (P)>F
[R*=0.8925, CV=10.59%]
Model 173.14 12 1443 4.84 <0.0226
Residual (error)  20.86 7 298
Lack of fit 0.23 2 0.16 0.03 0.9725
Pure error 3.67 5 0.73
Total 194 19

“SS, sum of squares
"DF, degrees of freedom
‘MS, mean squares

The statistical significance of the respective model equation was
checked using F-test analysis of variance (ANOVA) (Table 3). The
fitness of the model was also expressed by the coefficient of deter-
mination, R, which was found to be 0.8925 on the oligomeric sugar
content. This value indicates 89.25% of the response variability in
oligomeric sugar content. The closer the R? is to 1, the stronger the
model and the better it predicts the response [38]. The lower the
value of the coefficient of the variation (CV) (10.59 wt% for oligo-
meric sugar content) is, the greater the precision and reliability of
the experiments carried out. The probability p-value for models of
less than 0.0226 also indicated that the models were highly signifi-
cant, and insignificant p-value of lack of fit for models indicated
that experimental data obtained are in good agreement with the model.
If the p-value for lack of fit for model is significant (p<0.05), then
amore complicated model would be required to fit the data [39].

3. Optimization of Hydrothermal Fractionation

The traditional ‘one-factor at a time’” optimization technique is
comparatively simple, and the individual effects of bioprocess fac-
tors can be graphically depicted without the need for the statistical
analysis. Unfortunately, this method often fails to seek the region
of optimum response since the joint effects of factors on the response
are not considered in the technique. A combination of factors gener-
ating a certain optimum response can be identified though factorial
design and the use of response surface methodology (RSM) [40,41].

The 3-D response surface plots graphically represent the regres-
sion equation. By using the response surface plot, the interaction
between two variables and their optimum levels can be easily under-
stood and located. Plots showing interaction between reaction time
and temperature, solid loading and temperature, solid loading and
reaction time are depicted in Fig. 2.

The maximum sugar content was observed with a relatively high
temperature in the interaction between reaction time and tempera-
ture (Fig. 2(a)). On the other hand, when reaction time was fixed at
45 min, optimum solid loading and temperature were high around
the center point (Fig. 2(b)). As seen in Fig. 2(c), the maximum etha-
nol production was achieved with high solid loading and long reac-
tion time in the interaction between solid loading and reaction time.
Optimal values of the test variables in coded units were numerically
solved as follows: X,;=-0.15, X,=0.11, X;=2.00 corresponding to
Y,=19.4%. Actual values were obtained by putting the respective
values of X; in equation of Table 2: temperature, 115.5 °C; reaction
time, 46.7 min, and solid loading, 25%. To confirm the predicted
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Fig. 2. Response surface plots showing the effect of temperature,
reaction time, and solid loading and their combined effect
on the oligomeric sugar content. (a) Reaction time and tem-
perature, (b) Solid loading and temperature, and (c) Solid
loading and time.
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Fig. 3. SSF of micro-algae induced sugars.

optimization conditions, experiments were performed using condi-
tions determined above. Similarly, experimental results of sugar con-
tent were 16.6 wt%, which was in close agreement with the model
prediction. Time course of ethanol production using hot-water frac-
tionated liquid phase of micro-algae in the optimum conditions is
shown in Fig. 3. This fermentability test showed that 11.8 g// of etha-
nol was produced from 25.7 g/l of glucose by E. coli KO11 with
the maximum bioethanol production yield being 89.8 wt%. So if
1,000 kg of micro-algae (Schizocytrium sp.) containing about 10.8
wt% glucan and about 6.5 wt% galactan were and fermented by
the procedure above to produce ethanol, 55.1 kg ethanol could be
produced.

Additional fermentation test was conducted to confirm the effect
of the addition of the lipids to the fermentation broth (data not shown).
The lipids separated from the hydrolyzate were used to test an inhibi-
tory effect on microbial activity in an SSF reactor. The SSF test result
showed that the addition of lipid had no negative effect on ethanol
fermentation using KO11 strain.

CONCLUSION

Hydrothermal treatment can easily fractionate micro-algae to sug-
ars, lipids, and protein phase with no additional chemical extrac-
tion process. Statistical optimization of hydrothermal fractionation
of micro-algae for ethanol production has been successfully carried
out using RSM based on the 2° factorial CCD. The optimal condi-
tions for sugar content were determined as follows: reaction tem-
perature of 115.5 °C, reaction time of 46.7 min, and solid loading
of 25% (wiw).

ACKNOWLEDGEMENT
This work was funded by Iowa State University and the Post-

doctoral Fellowship Program (# KRF-2008-357-D00085) of Korea
Research Foundation.

REFERENCES

1. D. Das and T. N. Veziroglu, Int. J. Hydrog. Energy, 26, 13 (2001).

2. C. Asada, Y. Nakamura and F. Kobayashi, Bioprocess Eng., 10, 346
(2005).

3. Z.Kadar, Z. Szengyel and K. Réczey, Ind. Crop. Prod., 20, 103
(2004).

4.S. Kim and B. E. Dale, Biomass Bioenerg., 26,361 (2004).

5. G Lissens, H. Klinke, W. Verstraete, B. Ahring and A. B. Thomsen,
J. Chem. Technol. Biotechnol., 79, 889 (2004).

6. Z. Fan, C. South, K. Lyford, J. Munsie, P. van Walsum and L. R.
Lynd, Bioprocess Biosyst. Eng., 26, 93 (2003).

7.Y. Nakamura and T. Sawada, Biotechnol. Bioprocess Eng., 8, 205
(2003).

8. T. H. Kim, J. S. Kim, C. Sunwoo and Y. Y. Lee, Bioresour. Technol.,
90, 39 (2003).

9. T.H.Kim and Y. Y. Lee, Appl. Biochem. Biotechnol., 137-140(1-12),
81 (2007).

10. T.H.Kim., Y. Y. Lee, C. Sunwoo and J. S. Kim Appl. Biochem. Bio-
technol., 133(1), 41 (2006).

11. G. Mtui and Y. Nakamura, Biodegradation, 16,493 (2005).

12.N. Lark, Y. Xia, C. G Qin, C. S. Gong and G. T. Tsao, Biomass
Bioenerg., 12, 135 (1997).

13. M. Green and G. Shelef, Chem. Eng. J., 40, B25 (1989).

14. M. Green, S. Kimchie, A. I. Malester, B. Rugg and G Shelef, Biol.
Wastes, 26,285 (1988).

15. S. W. Cheung and B. C. Anderson, Bioresour. Technol., 59, 81
(1997).

16. Z. Wen, W. Liao and S. Chen, Bioresour: Technol., 91,31 (2004).

17. S. Sawayama, S. Inoue, Y. Dote and S. Y. Yokoyama, Energy Con-
vers. Manage., 36, 729 (1995).

18. T. G Dunahay, E. E. Jarvis, S. S. Dais and P. G Roessler, Appl. Bio-
chem. Biotechnol., 57-58, 223 (1996).

19. A. Banerjee, R. Sharma, Y. Chisti and U. C. Banerjee, Crit. Rev. Bio-
technol., 22, 245 (2002).

20. M. Gavrilescu and Y. Chisti, Biotechnol. Adv.,23, 471 (2005).

21.B.H. Umand Y. S. Kim, J. Ind. Eng. Chem., 15, 1 (2009).

22. S. Kim, Y. Jeon, W. Kim, H. Back, P. Park, H. Byun and S. Bai, J.
Fish. Sci. Technol., 4,75 (2001).

23. R. Harun, M. K. Danquah and G M. Forde, J. Chem. Technol. Bio-
technol., 85(2), 199 (2010).

24. A.B.Ross, J. M. Jones, M. L. Kubacki and T. Bridgeman, Bioresour:
Technol., 99, 6494 (2008).

25. A. Widjaja, C. C. Chien and Y. H. Ju, J. Taiwan Inst. Chem. Eng.,
40, 13 (2009).

26. M. Matsumoto, H. Yokouchi, N. Suzuki, H. Ohata and T. Matsu-
naga, Appl. Biochem. Biotechnol., 105-108, 247 (2003).

27. J. Sheehan, T. Dunahay, J. Benemann and P. Roessler, A Look Back
at the U.S. Department of Energy’s Aquatic Species Program-
Biodiesel from Algae, Technical Report for NREL (1998).

28. M. Du, D. U. Ahn and J. L. Sell, Poultry Sci., 79, 1749 (2000).

29. L. Sijtsma and M. E. de Swaaf, Appl. Microbiol. Biotechnol., 64,
146 (2004).

30. N. Dubois, K. A. Gillies, J. K. Hamilton, P. A. Rebers and F. Smith,
Anal. Chem., 28, 350 (1956).

31. W. M. Darley, D. Porter and M. S. Fuller, Ach. Mikrobiol., 90, 89
(1973).

Korean J. Chem. Eng.(Vol. 29, No. 2)



214 J. K. Kim et al.

32. GE.P.Box and K. B. Wilson, J. R. Stat. Soc., (Ser B), 13, 1 (1951).
33. S. F. G Oskouie, F. Tabandeh, B. Yakhchali and F. Eftekhar, Bio-
chem. Eng. J., 39, 37 (2008).

34. C. Tari, H. Genckal and F. Tokatli, Process Biochem., 41, 659 (2006).
35. V. V.R. Bandaru, S. R. Somalanka, D. R. Menduc, N. R. Madicherla
and A. Chityala, Enzyme. Microb. Technol., 38, 209 (2006).

36. S. Sharma, A. Malik and S. Satya, J. Hazard. Mater., 164, 1198

(2009).
37.B. H. Um and T. R. Hanley, Korean J. Chem. Eng., 25(5), 1094
(2008).

February, 2012

38. K. Chauhan, U. Trivedi and K. C. Patel, J. Microbiol. Biotechnol.,
16, 1410 (2006).

39. R. M. Banik, A. Santhiagu and S. Upadhyay, Bioresour. Technol., 98,
792 (2007).

40. G E. P. Box, W. G Hunter and J. S. Hunter, Stafistics for experiment-
ers: an introduction to design, data analysis and model building,
John Wiley and Sons Inc., New York, 653 (1978).

41. M. L. Cazetta, M. A. P. C. Celligoi, J. B. Buzato and I. S. Scarmino,
Bioresour. Technol., 98, 2824 (2007).




<<
  /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


