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Abstract−Polyhydroxyalkanoates (PHAs) are biodegradable and biocompatible thermoplastics that can be synthe-

sized in various microorganisms. Volatile fatty acids (VFAs) are produced by anaerobic treatment of organic wastes

that can be utilized as inexpensive substrates for PHA synthesis. In this study, several Ralstonia eutropha strains were

grown on the mixture of VFAs (acetic, propionic, and butyric acid) as its carbon and energy source for growth and

PHA synthesis. R. eutropha KCTC 2658 accumulated PHAs up to 50% of dry cell weight from total 5 g/L of mixed

VFAs (acetic acid : propionic acid : butyric acid=1 : 2 : 2). In batch culture of R. eutropha KCTC2658 in a 5 L fermentor,

a homopolymer of poly(3-hydroxybutyrate) [P(3HB)] was produced from 20 g/L glucose as a sole carbon source with

dry cell weight of 8.4 g/L and PHA content of 30%. In fed-batch culture, two feeding strategies, pulse or pH-stat, were

applied to add VFAs to the fermentor. When VFAs were fed using pH-stat feeding strategy after 40 h, a copolymer

of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] was produced with dry cell weight of 8.1 g/L,

PHA content of 50%, and 3HV fraction of 20 mol%.
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INTRODUCTION

Polyhydroxyalkanoates (PHAs) are biodegradable and biocom-

patible thermoplastics that can be synthesized in many microorgan-

isms from almost all genera of the microbial kingdom [1]. PHAs

usually accumulate within cells in the presence of excess carbon

source, and growth is limited by nutrients such as nitrogen, oxy-

gen, and other essential elements. Even though there is considerable

interest in PHA due to its potential as a biodegradable material, the

wider use of PHA has been restricted by its high production costs

[2,3]. Previous authors have reported that the main reasons for high

PHA production costs are the need for effective carbon substrates

and extraction processes [4]. Almost 30% of the total PHA pro-

duction cost is attributed to the acquisition of carbon substrates [5].

Research into different types of PHA is beginning to manifest

materials with varying potential. The homopolymer poly(3-hydrox-

ybutyrate) [P(3HB)] is known to have high crystallinity, stiffness,

and brittleness, and is therefore of limited practical use. However,

the inclusion of a fraction of 3-hydroxyvalerate or other monomers

in P(3HB) significantly increases the softness and flexibility of this bio-

polymer [6]. Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-

co-3HV)] copolymer was industrially produced from glucose and

propionic acid under the trade name Biopol [7]. The production of

this copolymer is generally a high cost process due to the require-

ment for a specific mixture of carbon sources.

An alternative production method which may reduce PHA pro-

duction costs is the use of inexpensive carbon sources as feed stocks

for the bacteria, such as volatile fatty acids (VFAs). VFAs can be

produced from food wastes, sludge, and a variety of biodegradable

organic wastes via a VFAs platform [8,9]. Recently, VFAs were

used as a sole carbon source for lipid accumulation by Cryptococ-

cus albidus [10]. In activated sludge fed by VFAs, the maximum

PHA content in the dry cell was 56.5% [11]. PHA composition in

mixed culture from fermented molasses was manipulated from 15 to

39% of 3HV by changing VFA composition and feeding regime [12].

Ralstonia eutropha (Cupriavidus necator) has been studied most

extensively to produce various short-chain-length PHA (SCL-PHA)

such as P(3HB), P(3HB-co-3HV), and poly(3-hydroxybutyrate-

co-4-hydroxybutyrate) [P(3HB-co-4HB)] with various composi-

tions [7,13-15]. SCL-PHA production with high yield and produc-

tivity has been achieved in an optimized fermentation by using sugars

or vegetable oil as carbon sources [7,13-15]. However, PHA pro-

duction from inexpensive VFAs has rarely been reported. In this

study, several strains of R. eutropha were grown to investigate the

characteristics of PHA synthesis from VFAs. The optimum strain

was selected in terms of final cell concentration and PHA content.

Cell growth and PHA accumulation characteristics of the optimum

R. eutropha strain were investigated in flasks and fermentors of batch

and fed-batch cultures in order to improve the production of polyester.

EXPERIMENTAL

1.Microorganisms

The types of strains used in this study were R. eutropha (C. neca-

tor) ATCC 17699 (KCCM 11972, DSM428), KCTC2657 (DSM416),

KCTC2658 (DSM418), KCTC2659 (DSM422), KCTC2662

(DSM530), and KCTC2649 (NCIMB11599). All strains were bought

from KCTC, activated in LB medium (peptone 10g/L, yeast extract

5g/L, and NaCl 5g/L) and stored with glycerol (15% v/v) in 1.5mL

microtubes at −20 oC.

2. Medium

LB medium was used for seed culture. The mineral medium for the
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flask and batch cultures was composed of (NH4)2SO4 1 g/L, KH2PO4

1.5 g/L, Na2HPO4·12H2O 9 g/L, MgSO4·7H2O 0.2 g/L, and trace

element solution 1mL/L. The medium for the initial fed-batch culture

was composed of (NH4)2HPO4 4.3 g/L, KH2PO4 13.3 g/L, citric acid

1.7 g/L, MgSO4·7H2O 1.2 g/L, and trace element solution 10mL/L.

The trace element solution was composed of H3BO3 0.3 g/L, CoCl2·

6H2O 0.2g/L, ZnSO4·7H2O 0.1g/L, MnSO4·4-5H2O 0.03g/L, (NH4)6
Mo7O24·4H2O 0.03 g/L, NiCl2·6H2O 0.02 g/L, and CuSO4·5H2O

0.01g/L. Mixture of VFAs (acetic acid : propionic acid : butyric acid=

1 : 2 : 2) or glucose was used as carbon sources.

3. Growth Conditions

LB medium was used for pre-cultivation of R. eutropha. Cells

were grown under aeration for 24 h at 30 oC on a shaking incuba-

tor at 250 rpm in 250mL flasks containing 50mL of medium. For

the flask culture, 1mL of the preculture was inoculated into 50mL

of mineral medium containing 5 g/L VFAs or 20 g/L glucose as

carbon sources. For the batch and fed-batch cultures in the fermentor,

10% v/v of the culture was inoculated into a 5 L fermentor (KoBio

Tech, Korea) equipped with a pH meter, a dissolved oxygen (DO)

meter, and 1 six-bladed disk turbine impeller. The initial working

volume was 2 L. The culture temperature and pH level were 30 oC

and 6.5, respectively. The pH was controlled with 5N NaOH solu-

tion. The aeration rate was 2 vvm. DO was kept above 20% by ad-

justing the agitation speed from 700 to 1,300 rpm. In fed-batch cul-

ture, feeding was started after exhaustion of initial glucose supplied

(20 g/L) at 36-40 h. Two feeding strategies, pulse or pH-stat feed-

ing, were applied to add VFAs to the fermentor. In the pulse feeding

strategy, 5 g/L VFAs was added after exhaustion of initial glucose

supplied (20 g/L). In pH-stat feeding strategy, VFAs were automat-

ically added by acid-supplying pump when pH rose above 6.5.

4. Analysis

Microbial growth was monitored by measuring the cell density

of the culture at 600 nm after suitable dilution with distilled water.

Dry cell weight (DCW) was measured after vacuum drying at −50 oC

for 24 h. The amount of PHA content and polymer composition

was measured with gas chromatography (GC) according to the fol-

lowing process: About 10 to 20mg lyophilized biomass was mixed

with 2mL chloroform and 2mL acidified methanol (methanol :

H2SO4 : internal standard=850mL : 150mL : 2g). Benzoic acid was

used as an internal standard. They were kept in oven at 100 oC for

5 h. After cooling, 1mL water was added and mixed completely.

After layer separation, the bottom phase was used for injection to

GC (GC6890N/FID, Agilent) with an HP-5 column (30m length,

320µm internal diameter, and 0.25µm film thickness). The oper-

ating conditions of GC were as follows: injection volume=1mL,

initial column temperature=60 oC for 5min, temperature increase

Table 1. Screening of R. eutropha after 60 h cultivation in flask (initial VFAs concentration=5 g/L)

Microorganism DCW (g/L) PHA (g/L) PHA (wt%) 3HB (mol%) 3HV (mol%)

ATCC17699 1.20 0.300 25 065 35

KCTC2649 0.89 0.029 4.0 100 00

KCTC2657 0.85 0.035 5.0 100 00

KCTC2658 1.50 0.730 50 079 21

KCTC2659 1.20 0.500 42 079 21

KCTC2662 1.30 0.450 36 072 28

Fig. 1. Growth of R. eutropha KCTC 2658 with different initial con-
centrations of VFAs (5-25 g/L).

rate=4 oC/min, final column temperature=180 oC for 5min, carrier

gas flow rate=20mL/min, temperature of injection port=230 oC, and

temperature of detection port=280 oC. Glucose and VFAs were ana-

lyzed using high-pressure liquid chromatography (HPLC) system

(YL 9100, YOUNG-LIN Inc., Korea). Glucose was measured by

a Zorbax Carbohydrate Analysis column (Agilent) with a refractive

index detector. VFAs were measured by a Zorbax Eclipse Plus C18

column (Agilent) with an ultraviolet (UV) detector at 210 nm.

RESULTS AND DISCUSSION

1.Screening and Selection of Highest PHA Accumulating Strain

Six strains of R. eutropha were grown to investigate the charac-

teristics of PHA synthesis from VFAs. Experiments were conducted

to select highest PHA producing strain employing VFAs as carbon

source. The composition of VFAs used was acetic acid : propionic

acid : butyric acid=1 : 2 : 2, one of the ratios of the mixed organic

acids produced during the fermentation of food waste. During 60 h

incubation from 5 g/L of VFAs, DCW, PHA concentration, PHA

content, and 3HV fraction ranged from 0.85 to 1.5 g/L, 0.029 to

0.73 g/L, 4 to 50%, and 0 to 35mol%, respectively (Table 1). We

determined that R. eutropha KCTC 2658 was the optimum strain in

terms of DCW, PHA concentration, and PHA content. From 5 g/L

of VFAs, R. eutropha KCTC 2658 produced 0.73 g/L of PHA with

highest PHA content of 50% and 3HV fraction of 21mol%. Even

though R. eutropha ATCC17699 produced PHA with highest 3HV

fraction of 35mol%, DCW and PHA content were lower (Table 1).
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2. VFAs Utilization and Inhibition

The VFAs are inhibitory and toxic to the bacterium depending on

the total acid concentration [16]. These three VFAs (acetic, propi-

onic, and butyric acids) have almost the same pKa (4.75-4.87) and

dissociate to the same extent in the cytoplasm after the undissoci-

ated acid molecules penetrate into the cells, which causes the same

inhibitory or toxic effect on the cell activity. To check the optimum

concentration of VFAs, we conducted an experiment to see their

effect on the growth of R. eutropha KCTC 2658. Fig. 1 shows the

growth curve on different concentrations of VFAs. At 5g/L of VFAs,

growth rate was highest and cells were grown to final OD 6.5. At

10g/L of VFAs, growth was inhibited with final OD 4. Above 15g/

L of VFAs, almost no growth occurred, suggesting that VFAs should

be kept under 5 g/L.

3. Batch Culture of R. eutropha KCTC 2658 in Flask from

VFAs

A batch culture was carried out to monitor the growth and PHA

production kinetics of R. eutropha KCTC 2658 using 5 g/L VFAs

as carbon source. Fig. 2(a) shows that butyric acid was consumed

in the first 20 h, propionic acid was consumed continuously, but

acetic acid was not depleted during 72 h incubation period. Over

time, DCW and PHA concentration increased to a maximum of

1.8 g/L and 0.82 g/L at 30 h. The content of 3HB was reduced with

culture time; accordingly the proportion of 3HV content increased to

a maximum of 23mol% (Fig. 2(b)). It is well known that P(3HB-

co-3HV) copolymers are produced in R. eutropha cells when odd-

number fatty acids such as propionic and valeric acids are added as

carbon sources, while even-number fatty acids such as acetic and

butyric acids produce only P(3HB) homopolymer [1]. This is con-

sistent with the results in Fig. 2, showing that 3HV fraction started

to increase with consumption of propionic acid. On the basis of the

results obtained in flask cultures, batch and fed-batch cultures were

carried out in a 5 L fermentor to investigate the kinetics of P(3HB)

and P(3HB-co-3HV) production in more detail.

4. Batch and Fed-batch Cultures of R. eutropha KCTC 2658

in Fermentor from Glucose and VFAs

Because VFAs are inhibitory and toxic to the bacterium, both cell

growth and PHA production were limited in batch culture from VFAs

as carbon source. Therefore, a cultivation strategy was suggested

where cells were first grown on glucose and VFAs were supplied

after glucose exhaution. First, batch culture of R. eutropha KCTC

2658 was carried out in 5 L fermentor using 20 g/L glucose as car-

bon source (Fig. 3). The glucose concentration gradually decreased.

The highest DCW and PHA concentration were 8.4 g/L and 2.5 g/L,

respectively, at 33 h. The PHA content was 30%, which was lower

than from VFAs. Only P(3HB) homopolymer was produced from

glucose as carbon source.

To improve the production of PHA, two fed-batch cultures were

carried out. After cells were grown on 20 g/L glucose, VFAs were

added using two feeding strategies. Fig. 4 shows the results of fed-

batch culture with pulse feeding strategy. DCW and PHA concen-

tration increased with time, while glucose and VFAs concentration

declined. After feeding of VFAs at 38 h, DCW increased to 10.6 g/

L at 58 h and then decreased with the consumption of VFAs. PHA

concentration also increased to 3.5 g/L in accordance with DCW,

resulting in a PHA content of 33%. As in flask batch culture using

VFAs (Fig. 2), VFAs consumption was on the order of butyric acid,

Fig. 2. Batch culture of R. eutropha KCTC 2658 in 250mL flask.
The graphs depict time courses of (a) dry cell weight, PHA
concentration, and the concentrations of VFAs (acetic, pro-
pionic, and butyric acids) and (b) PHA content and copol-
ymer composition following an initial VFAs concentration
of 5 g/L (acetic acid : propionic acid : butyric acid=1 : 2 : 2).

Fig. 3. Batch culture of R. eutropha KCTC 2658 in 5 L fermentor
from 20 g/L of glucose as carbon source.
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propionic acid, and acetic acid. Although a small amount of propionic

acid (total 2 g/L) was added, the 3HV fractions in polymer sam-

ples were under the detectable range in the GC chromatogram due

to relatively low concentration of propionic acid and low conver-

sion efficiency of propionic acid to 3HV unit. Most carbon sources

(20 g/L glucose, 2 g/L butyric acid, and 1 g/L acetic acid) were con-

verted to the 3HB unit in PHA as well as cell growth and only small

portion (2 g/L propionic acid) was converted to 3HV unit. In batch

culture using 5 g/L VFAs (Fig. 2), however, a relatively large sup-

ply of propionic acid (2 g/L) as carbon source (total 5 g/L VFAs)

produced copolymer containing 23mol% 3HV. The conversion ef-

ficiency of propionic acid to the 3HV unit in PHA is known to be

lower than that of valeric acid. The 3HV fractions in the copoly-

mer produced by R. eutropha were 40mol% from propionic acid

and 90mol% from valeric acid as a sole carbon source, respectively

[1,7].

The results of fed-batch culture with pH-stat feeding strategy are

shown in Fig. 5(a) and (b). When initially supplied glucose was con-

sumed, the pH increased. By automatic feeding of mixed VFAs using

acid pump for pH control, all VFAs were well maintained in culture

broth during the fed-batch period of cultivation. DCW and PHA

concentration increased to 8.1 g/L and 4.1 g/L, respectively, at 72 h.

The PHA content was 50%, which was higher than that with pulse

feeding strategy. Besides, 3HV fraction in the copolymer increased

to 20mol% due to the maintenance of propionic acid in culture broth.

CONCLUSIONS

Among the six strains tested, R. eutropha KCTC 2658 accumu-

lated the highest amounts of PHAs, up to 50% of DCW from total

5 g/L of VFAs (acetic acid : propionic acid : butyric acid=1 : 2 : 2)

as carbon source (Table 1). Cell growth decreased with increasing

the initial concentration of VFAs. Batch culture kinetics showed that

butyric acid was consumed first with cell growth and then propi-

onic acid was consumed, resulting in an increase in 3HV fraction.

With glucose as carbon source, homopolymer of 3HB was pro-

duced with PHA content of 30%. By automatic feeding of mixed

VFAs using pH-stat feeding strategy, copolymer of 3HB and 3HV

with 20mol% 3HV was produced up to 50% of DCW. This work

shows that VFAs generated from the acid hydrolysis of high strength

organic food waste or waste sludge, such as butyric acid, propionic

acid, and acetic acid, can be used for the bacterial biosynthesis of

PHA by the R. eutropha KCTC2658. This process has the potential

to reduce the cost of PHA production while also offering environ-

mental benefits through the reuse of food trash and waste.

ACKNOWLEDGEMENTS

This work was supported by the research grant of Chungbuk Na-

tional University in 2012.

REFERENCES

1. Y. Doi, Microbial Polyesters, VCH Publishers, New York (1990).

2. J. Choi and S.Y. Lee, Appl. Microbiol. Biotechnol., 51, 13 (1999).

3. A. Nath, M. Dixit, A. Bandiya, S. Chavda and A. J. Desai, Biore-

Fig. 5. Fed-batch culture of R. eutropha KCTC 2658 in 5L fer-
mentor with pH-stat feeding strategy. The graphs depict time
courses of (a) dry cell weight, PHA concentration, and the
concentrations of glucose and VFAs (acetic, propionic, and
butyric acids) and (b) PHA content and copolymer compo-
sition. Cells were first grown using 20 g/L glucose and VFAs
were automatically added by acid-supplying pump when
pH rose above 6.5 after 40 h.

Fig. 4. Fed-batch culture of R. eutropha KCTC 2658 in 5 L fer-
mentor with pulse feeding strategy. Cells were first grown
using 20 g/L glucose and 5 g/L VFAs were fed at 38 h.



Production of polyhydroxyalkanoates by Ralstonia eutropha from volatile fatty acids 2227

Korean J. Chem. Eng.(Vol. 30, No. 12)

sour. Technol., 99, 5749 (2008).

4. J. Yu, X. Song, L. Gong and P. Li, Enzyme Microb. Technol., 42,

167 (2008).

5. H. Salehizadeh and M.C.M. Van Loosdrecht, Biotechnol. Adv., 22,

261 (2004).

6. D.H. Rhu, W.H. Lee, J. Y. Kim and E. Choi, Water Sci. Technol.,

48, 221 (2003).

7. B. S. Kim, S.C. Lee, S.Y. Lee, H.N. Chang, Y.K. Chang and S. I.

Woo, Enzyme Microb. Technol., 16, 556 (1994).

8. S.U. Lee, K. Jung, G.W. Park, C. Seo, Y.K. Hong, W.H. Hong and

H. N. Chang, Korean J. Chem. Eng., 29, 831 (2012).

9. H.N. Chang, N. J. Kim, J.W. Kang and C.M. Jeong, Biotechnol.

Bioprocess Eng., 15, 1 (2010).

10. F. Qiang, H.N. Chang, L. Shang, J. D. R. Choi, N. J. Kim and J.W.

Kang, Bioresour. Technol., 102, 2695 (2011).

11. C. Mengmeng, C. Hong, Z. Qingliang, S.N. Shirley and R. Jie, Biore-

sour. Technol., 100, 1399 (2009).

12. M.G. Albuquerque, V. Martino, E. Pollet, L. Avérous and M.A. Reis,

J. Biotechnol., 151, 66 (2011).

13. B. S. Kim, S. C. Lee, S.Y. Lee, H.N. Chang, Y.K. Chang and S. I.

Woo, Biotechnol. Bioeng., 43, 892 (1994).

14. J. S. Kim, B.H. Lee and B.S. Kim, Biochem. Eng. J., 23, 169 (2005).

15. D. H. Park and B. S. Kim, New Biotechnol., 28, 719 (2011).

16. J. Yu, Y. Si and W.K.R. Wong, Process Biochem., 37, 731 (2002).



<<
  /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


