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Abstract The ascorbate oxidase is the enzyme used to determine the content of ascorbic
acid in the pharmaceutical and food industries and clinics analyses. The techniques
currently used for the purification of this enzyme raise its production cost. Thus, the
development of alternative processes and with the potential to reduce costs is interesting.
The application of aqueous two-phase system is proposed as an alternative to purification
because it enables good separation of biomolecules. The objective of this study was to
determine the conditions to continuously pre-purify the enzyme ascorbate oxidase by an
aqueous two-phase system (PEG/citrate) using rotating column provided with perforated
discs. Under the best conditions (20,000 g/mol PEG molar mass, 10% PEG concentration,
and 25% citrate concentration), the system showed satisfactory results (partition coefficient,
3.35; separation efficiency, 54.98%; and purification factor, 1.46) and proved suitable for
the pre-purification of ascorbate oxidase in continuous process.

Keywords Ascorbate oxidase . ATPS . Continuous extraction .Cucurbita maxima . PRDC

Appl Biochem Biotechnol (2010) 160:1057–1064
DOI 10.1007/s12010-009-8631-y

T. S. Porto :A. Pessoa
Departament of Biochemical and Pharmaceutical Technology, University of Sao Paulo, Sao Paulo, Brazil

T. S. Porto (*) : P. P. Marques : C. S. Porto : K. A. Moreira : J. L. Lima-Filho :A. L. F. Porto
Laboratory of Immunopathology Keizo Asami (LIKA), University Federal of Pernambuco,
Cidade Universitária, 50670-901 Recife, Pernambuco, Brazil
e-mail: portots@yahoo.com.br

K. A. Moreira
Academic Unit of Garanhuns, University Federal Rural of Pernambuco, Recife, Brazil

A. Converti
Department of Chemical and Process Engineering, University of Genoa, Genoa, Italy

A. L. F. Porto
Department of Animal Morphology and Physiology, University Federal Rural of Pernambuco, Recife, Brazil



Introduction

The determination and monitoring of vitamin C (ascorbic acid) has been used as a
fundamental objective marker for defining the commercial value of fruit and vegetable
products. The measurement is usually based on the total conversion of ascorbic acid to
dehydroascorbic acid by ascobate oxidase [1].

The enzyme ascorbate oxidase (AO; EC 1.10.3.3) has been extracted from various
plants, such as melons, squash, cucumber, grape, orange, pepper, tomato, pepper, and
starfruit. Studies of purification, characterization, and gene expression were performed;
however, its biological function is still little known [2].

In general, protein recovery from the plant material includes extraction, clarification,
protein capture, purification, and polishing. The overall production cost is mainly
determined by the efficiency of the initial capture and purification steps [3]. Therefore,
the establishment of efficient primary recovery procedures for the recovery of recombinant
proteins from transgenic crop is needed. In this context, aqueous two-phase systems (ATPS)
are an attractive alternative to facilitate the adoption of bioprocesses based on plants as
production systems and proved to have great potential for the recovery and purification of
biological compounds [4].

The main advantages of purifying biomolecules by ATPSs are the easiness in scaling up,
rapid mass transfer, low energy requirements to achieve balance thanks to mechanical
mixture, use of room temperature, high rapidity and selectivity, and low operating costs
compared to other separation processes [5].

Statistical design of experiments is widely used for optimization and control of ATPS. It
is a convenient method to study the effects of the variables involved in the purification
because it allows estimating their significant effects on the selected responses, as well as
their possible interactions [6, 7].

Liquid–liquid extraction equipments are widely used in biotechnology process for extraction
of proteins [8, 9], enzymes [8, 10–12], toxin [7], etc. The rotating disc contactor, consisting of
a vertical shell equipped with a series of rotor discs and stators, can be used for this process
[13]. Extractors and columns of liquid–liquid extraction have basically two functions: (1) to
establish a contact between the two liquid phases present in the system, usually by
continuously dispersing one phase (in the form of drops) in the other, with the aim of
improving the mass transfer and (2) to separate the two liquids after the extraction [14].

Another tool that has been recently successfully applied to liquid–liquid extraction
with ATPSs is the perforated rotating disc contactor (PRDC). This type of extraction
apparatus shows greater efficiency and better operational flexibility than the more
conventional types [10].

The PRDC has several advantages compared to other types of liquid–liquid extraction
equipments such as packed, spray, and pulsed columns because of its simplicity in
construction, high throughput, relatively low power consumption, and high efficiency
owing to circular motion of the rotating discs, which increase the turbulence in the
contacting liquid phases [15]. The main advantage of the column extraction method is that
the phases separate easily and quickly by gravity, without the need of a centrifuge. In
addition, the process is simple and easy to operate in continuous mode [11]. The PRDC was
applied only to a few aqueous two-phase PEG/salt systems, but no study is reported in the
literature, to the best of our knowledge, on its use for the PEG/citrate one.

The objective of this study was to select the conditions to extract and pre-purify the AO
from pumpkin (Cucurbita maxima) by liquid–liquid extraction in ATPSs in continuous
process using PRDC.
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Materials and Methods

Materials

AO (EC 1.10.3.3) from crude extract of Curcubita maxima was used. The enzyme was
extracted following the procedure of Carvalho et al. [16]. Polyethylene glycol (PEG) with
molar mass of 3,350, 8,000, and 20,000 g/mol was obtained from Sigma Chemical (St.
Louis, MO, USA). All other chemicals were analytical grade reagents.

Preparation of the Phase System

The phase system (700 g) was prepared from stock solutions of 50% (w/w) PEG and 30%
(w/w) sodium citrate/citric acid buffer. The latter solution consisted of a mixture of sodium
citrate salt and citric acid at pH6.0. The system, prepared by mixing PEG and citrate stock
solutions so as to give desired final compositions (Table 1), was stirred for 4 h at 25°C, and
the phases were separated by funnel overnight. After separation, the phases were introduced
into the column by means of peristaltic pumps.

Perforated Rotating Disc Contactor

The PRDC was made of a Perspex column with 32-mm internal diameter and 160-mm
height. Six perforated discs with 30-mm diameter and drilled with 20 holes with 2-mm
diameter (disc free area of about 9%) were mounted on a central shaft and equally
separated. The column was maintained at 25±1°C throughout all the experiments, and the
disc rotational speed was set at 80 rpm by means of a shaft stirrer. The dispersed phase and
continuous phase flowrates were 2 and 1 mL/min, respectively.

Experimental Design

The influence of the PEG molar mass (MPEG), PEG concentration (CPEG), and citrate
concentration (CCIT) on the four responses was evaluated from the results of experiments
performed according to a 23 factorial experimental design [17] plus two central points (Table 1).
All statistical and graphical analyses were carried out using the Statistica 8.0 software [18].

Experimental Procedure

The column was initially filled with 90 mL of the citrate phase containing enzyme extract,
with final protein concentration of 0.5 mg/mL. The dispersed phase (inlet PEG solution)

Table 1 Variable levels of the 23 experimental design for the continuous extraction of ascorbate oxidase in
PRDC.

Variables Levels

Low (−1) Central (0) High (+1)

MPEG (g/mol) 3,350 8,000 20,000

CPEG (%) 10 15 20

CCIT (%) 15 20 25
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and continuous phase (inlet citrate solution containing AO) were fed upward and
downward, respectively, while the extracted phase (outlet PEG solution enriched with
AO) and the raffinate phase (outlet exhaust salt solution) were withdrawn at the top and
bottom of the column, respectively. The column was operated counter-currently in
continuous mode for 1 h to reach steady-state conditions.

Analytical Methods

The enzymatic activity was determined in continuous, raffinate, and extracted phases
according to method described by Carvalho et al. [16], using ascorbic acid (50μM) as
substrate. The concentration of total proteins in these phases was determined by the
Bradford method [19].

Definition of Process Parameters

The definitions of process parameters evaluated for the extraction by ATPS in continuous
mode, and the related equations were already described by several authors [7, 10, 11, 20].

To determine the fractional disperse phase “hold up” (H), the total volume of the ATPS
(V) and the volume of dispersed phase (VD) were measured after achieving the steady state.
This was performed by simultaneous stop of the inlet and outlet streams and agitation,
followed by removal of the extractor content and volume measurement of the two phases. H
was measured 30 min after interruption and was calculated according to Eq. 1:

H ¼ VD

V
ð1Þ

The mass transfer coefficient (KDa) was expressed according to Eq. 2:

KDa ¼ FD

V
ln

CDi � KCC

CDf � KCC
ð2Þ

where CDi and CDf are the initial and final protein concentrations in the dispersed phase
(mg/mL); CC is the protein concentration in the continuous phase (mg/mL); and K is the
partition coefficient (dimensionless).

The purification factor (Pf) of AO was defined as the ratio between the AO specific
activities after extraction by ATPS in the PRDC and the crude extract. The partition
coefficient (K) was defined as the ratio between total enzyme concentration in the top and
bottom phases, respectively.

The separation efficiency (ES) was determined under steady-state conditions using the
Eq. 3:

ES ¼ CC inlet � CCoutlet

CC inlet

� �
� 100 ð3Þ

where CC inlet and CC oulet are the protein concentrations in the continuous phase (inlet) and
raffinate phase (outlet), respectively.

Results and Discussion

The results of previous batch tests of AO extraction by aqueous two phase systems
demonstrated that the AO partitioned to the PEG phase, which was then selected as the
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dispersed phase in this study and were used as a starting basis to perform the continuous
extraction in the PRDC. To this objective, we used the PEG molar mass (MPEG), PEG
concentration (CPEG), and citrate concentration (CCIT) as the independent variables, and
partition coefficient (K), hold up (H), the mass transfer coefficient (KDa), purification factor
(Pf), and separation efficiency (ES) as the responses (Table 2).

A positive effect of MPEG and CCIT and a negative effect of CPEG on the response K were
estimated (Table 3), which means that the highest level of MPEG and CCIT and the lowest
level of CPEG provided the highest value of K (3.35). Low PEG concentration associated
with high citrate concentration and PEG molar mass favored the transfer of the enzyme to
the disperse phase, thus increasing the partition coefficient. Some authors [3–6] proposed
that, when the system has high MPEG, a remarkable volume exclusion effect might have
taken place, hence suggesting that there was no space enough for the enzyme in the PEG
phase of the system; however, this phenomenon was not observed in the present study.

Figure 1 shows the interaction between the three variables. PEG molar mass of
20,000 g/mol, PEG concentration of 10% (w/w), and citrate concentration of 25% (w/w) were
the best conditions that favored the enzyme partition to the disperse phase, rich in PEG (run
6). This behavior was expected by the fact that PEG 20,000 (g/mol) ensured the best
performance of purification of C. maxima AO in batch extraction tests (data not shown).

Statistical analysis for the purification factor was done (Table 3), but all the
independent variables were not significant. The results shown in Table 2 confirmed that
PEG 20,000 (g/mol), PEG concentration of 20% (w/w), and citrate concentration of 15%
(w/w) were the best conditions also for the purification factor (2.49). They are similar to
those obtained for the extraction of AO in pulsed cap column (PEG 1,500/fosfato; Pf=1.34)
[8] and alpha toxin in PRDC using PEG/phosphate ATPS (Pf=2.4) [7].

Experiments based on H measurements were initially performed to investigate the
hydrodynamics of the PRDC. This parameter expressed the amount of solvent actually
available to remove the desired product from the feed [7, 10, 11]. It corresponded, in the
particular case under investigation, to the percentage of extracted (PEG) phase able to
extract AO from the continuous phase (salt phase). Thus, measurements of hold up can be
used to evaluate the mass transfer capability of an extraction unit under defined conditions.
The hold up decreased with increasing the levels of PEG molar mass and concentration,
owing to the consequent increase in viscosity. In addition, in a more viscous phase, the

Table 2 Results of the 23 design for the continuous extraction of AO in PRDC using PEG/Citrate systems.

Runs MPEG (g/mol) CPEG (%) CCIT (%) K Pf KDa Es (%) H

1 3,350 10 15 0.214 1.99 0.0041 16.86 0.61

2 20,000 10 15 0.162 2.14 0.0025 10.65 0.55

3 3,350 20 15 0.439 2.36 0.0063 24.57 0.64

4 20,000 20 15 0.224 2.49 0.0163 51.60 0.52

5 3,350 10 25 0.381 0.88 0.0172 53.31 0.56

6 20,000 10 25 3.356 1.46 0.0586 54.98 0.40

7 3,350 20 25 1.667 0.95 0.0143 46.61 0.60

8a 20,000 20 25 – – – – –

9 (C) 8,000 15 20 0.364 0.51 0.0110 39.45 0.71

10 (C) 8,000 15 20 0.265 0.18 0.0136 37.24 0.55

a No phase formation
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formation of large drops is known to favor the reduction of the hold up [11]. The highest
hold up (0.71) was observed using PEG with 8,000 g/mol molar mass (Table 2), a value no
so far from that (0.80) reported by Cavalcanti et al. [7] in PRDC.

The study of mass transfer inside the liquid–liquid extraction columns is of fundamental
importance to the knowledge of the limits of operation. In agreement with the literature [10,
21], the mass transfer coefficient increased with decreasing the PEG concentration and
reached a maximum value of 0.0586 min−1. These results are in agreement with those
obtained by Porto et al. [10] for AO by PEG/phosphate in PRDC, using the same dispersed
phase flowrate (2 mL/min).

The results of the statistical analysis of the mass transfer coefficient are presented in
Table 3. Only the interactions between two variables (PEG and citrate concentrations) and
three variables (PEG molar mass, PEG concentration, and citrate concentration) were
significant. Figure 2 shows the effect of the interaction among the three variables. The mass
transfer coefficient increased with decreasing PEG concentration and increasing PEG molar
mass and citrate concentration. This behavior can be explained by the increased difference
in the density, viscosity, and interfacial tension between the phases. The interfacial tension
in fact is known to increase with increasing polymer concentration, and the total effect of

Table 3 Effects calculated from the responses of the 23 design for the continuous extraction of AO in PRDC
using PEG/Citrate systems.

Effects K Pf KDa Es H

(1) MPEG 5.28 1.57 6.82 4.41 −2.91
(2) CPEG −9.06 −0.21 −8.78 −9.34 −1.09
(3) CCIT 22.19a −6.64 11.75 12.70 −2.38
1×2 −24.42a −2.31 −8.50 −7.35 −1.51
1×3 8.01 −1.62 3.60 2.68 −1.79
2×3 −11.98 −4.11 −14.92a −17.33a −1.08
1×2×3 −22.19a −2.78 −12.96a −10.08 −1.21

a Statistically significant values (at the 95% confidence level).

Fig. 1 Cubic plot of the effects
on the partition coefficient
obtained according to the design
of Table 2
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the viscosity results in a decrease of the protein diffusibility, thus affecting the mass transfer
[9, 21].

The interaction between the concentrations of PEG and citrate significantly influenced
the separation efficiency (Table 3), and because one variable interfered with the effect of the
other, they were assessed together. The highest value of this parameter (54.98%) was
obtained with the system consisting in 20,000 g/mol PEG molar mass, 10% (w/w) PEG
concentration and 25% (w/w) citrate concentration (Table 2). The separation efficiency
showed the same profiles as the partition coefficient and mass transfer coefficient.

Figure 3, which illustrates the interaction between these two variables and their effects
on ES, clearly shows that the system with 10% (w/w) PEG concentration and 25% (w/w)
citrate concentration ensured the highest value of the separation efficiency (ES=54.9%).
This result is in agreement with the observations of Porto et al. [10].

Fig. 2 Cubic plot of the effects
on the mass transfer coefficient
obtained according to the design
of Table 2

Fig. 3 Separation efficiency
as a function of citrate
and PEG concentrations
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Conclusions

This study selected the conditions to extract and pre-purify the AO from pumpkin (C. maxima)
by liquid–liquid extraction in ATPSs in continuous process using PRDC. The results
demonstrated that the aqueous two-phase PEG/citrate system using PRDC had excellent
performance and operational stability in the extraction of AO under the conditions investigated.
The best results (2.49 purification factor) were obtained at high PEG molar mass, high PEG
concentration, and low citrate concentration. The results presented and discussed in this study
did not allow selecting the optimum conditions, but the continuous extraction with PRDC has
been used successfully to extract AO by PEG/citrate ATPS. These results will be used in
successive optimization and hydrodynamic investigations of the process.

Acknowledgements The authors wish to acknowledge the financial support of FAPESP (Fundação de
Amparo à Pesquisa do Estado de São Paulo, São Paulo, Brazil), CNPq (Conselho Nacional de
Desenvolvimento Científico e Tecnológico, Brasilia, Brazil), and CAPES (Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior, Brasilia, Brazil).

References

1. Fatibello-Filho, O., & Vieira, I. C. (2002). Quimica Nova, 25, 455–464.
2. García-Pineda, E., Castro-Mercado, E., & Lozoya-Gloria, E. (2004). Plant Science, 166, 237–243.

doi:10.1016/j.plantsci.2003.09.013.
3. Rito-Palomares, M. (2004). Journal of Chromatography. B, Analytical Technologies in the Biomedical

and Life Sciences, 807, 3–11. doi:10.1016/j.jchromb.2004.01.008.
4. Aguilar, O., & Rito-Palomares, M. (2008). Journal of Chemical Technology and Biotechnology (Oxford,

Oxfordshire), 83, 286–293. doi:10.1002/jctb.1805.
5. Albertsson, P. A. (1986). Partition of cell particles and macromolecules. New York: Wiley.
6. Porto, T. S., Silva, G. M. M., Porto, C. S., Cavalcanti, M. T. H., Barros Neto, B., Lima-Filho, J. L., et al.

(2008). Chemical Engineering and Processing, 47, 716–721.
7. Cavalcanti, M. T. H., Carneiro-da-Cunha, M. N., Brandi, I. V., Porto, T. S., Converti, A., Lima-Filho, J. L.,

et al. (2008). Chemical Engineering and Processing, 47, 1771–1776. doi:10.1016/j.cep. 2007.09.018.
8. Rabelo, A. P. B., & Tambourgi, E. B. (2003). Brazilian Journal of Chemical Engineering, 20, 357–362.

doi:10.1590/S0104-66322003000400003.
9. Porto, A. L. F., Sarubbo, L. A., Lima-Filho, J. L., Aires-Barros, M. R., Cabral, J. M. S., & Tambourgi, E. B.

(2000). Bioprocess Engineering, 22, 215–218. doi:10.1007/s004490050722.
10. Porto, A. L. F., Sarubbo, L. A., Moreira, K. A., Melo, H. J. F., Lima-Filho, J. L., Campos-Takaki, G. M., et al.

(2004).Brazilian Archives of Biology and Technology, 47, 821–826. doi:10.1590/S1516-89132004000500019.
11. Sarubbo, L. A., Oliveira, L. A., Porto, A. L. F., Lima-Filho, J. L., Campos-Takaki, G. M., & Tambourgi,

E. B. (2003). Biochemical Engineering Journal, 16, 221–227. doi:10.1016/S1369-703X(03)00023-8.
12. Igarashi, L., Kieckbusch, T. G., & Franco, T. T. (2004). Journal of Chromatography. B, Analytical

Technologies in the Biomedical and Life Sciences, 807, 75–80. doi:10.1016/j.jchromb.2004.02.044.
13. Ghalehchian, J. S. (2002). Journal of Chemical Engineering of Japan, 35, 604–612. doi:10.1252/

jcej.35.604.
14. Pessoa, A., & Kilikian, B. V. (2005). Purificação de Produtos Biotecnológicos (1st ed.). Barueri, SP: Manole.
15. Murugesan, T., & Regupathi, I. (2004). Journal of Chemical Engineering of Japan, 37, 1293–1302.

doi:10.1252/jcej.37.1293.
16. Carvalho, L. B., Jr., Lima, C. J., & Medeiros, P. H. (1981). Phytochemistry, 20, 2423–2424. doi:10.1016/

S0031-9422(00)82680-1.
17. Bruns, R. E., Scarminio, I. S., & Neto, B. B. (2006). Statistical design—chemometrics, vol. 1 (1st ed.).

Amsterdam: Elsevier.
18. Statsoft Inc. (2008). STATISTICA (data analysis software systems), version 8.0.
19. Bradford, M. M. (1976). Analytical Biochemistry, 72, 248–254. doi:10.1016/0003-2697(76)90527-3.
20. Srinivas, N. D., Narayan, A. V., & Raghavarao, K. S. M. S. (2002). Process Biochemistry, 38, 387–391.

doi:10.1016/S0032-9592(02)00097-3.
21. Forciniti, D. (2002) Aqueous two-phase systems: Methods and protocols. In: R. H. Kaul (Ed.), Methods

in biotechnology, vol. 11. Totowa, NJ: Human Press.

1064 Appl Biochem Biotechnol (2010) 160:1057–1064

http://dx.doi.org/10.1016/j.plantsci.2003.09.013
http://dx.doi.org/10.1016/j.jchromb.2004.01.008
http://dx.doi.org/10.1002/jctb.1805
http://dx.doi.org/10.1016/j.cep. 2007.09.018
http://dx.doi.org/10.1590/S0104-66322003000400003
http://dx.doi.org/10.1007/s004490050722
http://dx.doi.org/10.1590/S1516-89132004000500019
http://dx.doi.org/10.1016/S1369-703X(03)00023-8
http://dx.doi.org/10.1016/j.jchromb.2004.02.044
http://dx.doi.org/10.1252/jcej.35.604
http://dx.doi.org/10.1252/jcej.35.604
http://dx.doi.org/10.1252/jcej.37.1293
http://dx.doi.org/10.1016/S0031-9422(00)82680-1
http://dx.doi.org/10.1016/S0031-9422(00)82680-1
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1016/S0032-9592(02)00097-3

	Extraction...
	Abstract
	Introduction
	Materials and Methods
	Materials
	Preparation of the Phase System
	Perforated Rotating Disc Contactor
	Experimental Design
	Experimental Procedure
	Analytical Methods
	Definition of Process Parameters

	Results and Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


