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Abstract 

The aim of this work was focused on the obtaining of Pleurotus ostreatus mycelium by 
submerged fermentation, in order to get  freeze-dried biomass and extracts with high antioxidant and 
antimicrobial activities. The tests were performed at 250C, in 300 ml Erlenmeyer flasks. The most 
effective carbon source and the optimum agitation speed were determined, in order to cultivate the two 
strains in a medium containing 2% malt extract and 2% peptone. 

For both strains the optimum agitation speed was established at 150 rpm. The most effective 
carbon source for Pleurotus ostreatus EVFB1 was glucose (10%) and, for Pleurotus ostreatus EVFB4, 
lactose (15%). The obtained biomass was freeze-dried and was submitted to ethanol and pure  
methanol extraction. It resulted that Pleurotus ostreatus EVFB1 and EVFB4 strains had an antioxidant 
activity by 10% higher on average when ethanol was used as solvent, compared to methanol. The 
phenols quantities were different, notwithstanding the solvent used, for Pleurotus ostreatus EVFB1 
strain being by 29% higher as compared to Pleurotus ostreatus EVFB4, namely 68.6 mg/g gallic acid. 
In the case of reducing power, the ethanol extracts were the most effective. The two Pleurotus species 
proved narrow antibacterial activity against Gram-negative and Gram-positive bacteria tested. 
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Introduction 
  
 A feature of mushrooms is the fact that they can be classically cultivated in fungi 
farms, but also in bioreactors, by growing the mycelium. [1] 

Their cultivation is relatively similar to that of other microorganisms. The most 
important differences are related to the fermentation time, the culture medium and the stirring 
speed. A fermentation meant to obtain mycelium from Pleurotus ostreatus takes between 10 – 
12 days. [2] The carbon source is usually the glucose, but sucrose and starch can also be used, 
even lactose in more advanced studies. Stirring plays a special role in the fungi multiplication 
speed. If cultivating mycelium in stirred flasks or in a bioreactor, the stirring must be set up at 
100 – 150 rpm. If cultivating micelyum  in a bioreactor, the oxygen level and that of emitted 
carbon dioxide must be strictly controlled. The decrease of the fermentation time can be 
obtained under the condition of an exponentially growth of the inoculum and a lower rate of 
the agitation  rate, not through the increasing of the carbon source quantity inside the culture 
medium. [2, 3, 4] 
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The mushrooms bioactive metabolites can be industrially produced by their submerged 
cultivation in bioreactor, but the efficiency depends on the possibility to develop a good 
technological procedure adapted to the used strain. [4] The development of this technology is 
facilitated by the increasing of the product quantity and the development of new production 
systems.[2] Such compounds are released at a lower rate in the culture medium, while most of 
them can be released through extraction with various solvents. It is supposed that the 
antioxidant effects of the filtered culture medium are the result of the polysaccharides action. 
Researches have proven that alcoholic extracts, especially ethanol ones from Pleurotus strains 
have a strong inhibition effect of the oxidative stress at the level of the liver and brain. [5, 6] 
Also, there are studies revealing that the alcoholic extracts of the Pleurotus strains have a high 
reducing power and a significant phenol quantity. All these are related to a strong antioxidant 
activity and to an antimicrobial and antifungal activity. The latest researches show that the 
aqueous extracts of Pleurotus sajor-caju and Pleurotus pulmonarius also have a strong 
antiviral effect. [7] 

 
Materials and Methods 
  
Strains and cultivation conditions. The researches were conducted within the Animal and 
Vegetal Biotechnologies Lab, Biotechnology Faculty – USAMV Bucharest, between August - 
October 2010. A Pleurotus ostreatus EVFB1 strain was used, sampled from a willow lump 
outside the IRASM Hall – Magurele, Ilfov and a Pleurotus ostreatus EVFB 4 sampled from 
the Baneasa forest. The strains were kept in Nalgene cryotubes, in 20% glycerol, at -800C. 
The inoculum was obtained through cultivation at 100 rpm, during seven days, in a medium 
containing  2% malt extract and 2% peptone. 

For each strain,  the carbon source was established, selected between the glucose, the 
lactose and the sucrose. Also,  the concentration of this source and the stirring in lab 
conditions were determined, at 250C. The studies were performed in a cooling LabTech 
incubator. The biomass was isolated through centrifuging, with a Centurion C2041 centrifuge 
and it was submitted to freeze-drying in a Alpha 1-2 LD freeze-dryer, in the absence of a 
cryoprotecting agent. [3, 4] 

Obtaining Pleurotus ostreatus extracts. The freeze-dried biomass was submitted to the 
ethanol and methanol extraction through stirring at 150 rpm, at room temperature, while the 
ratio was 1g freeze-dried biomass for 10 ml solvent. The extract was separated after 24 hours 
through filtering, with Whatman no. 1 paper. The perfectly clear solution was freeze-dried with 
the same Alpha 1-2 LD freeze-dryer and it was tested at a 10 mg/ml concentration. [5, 9, 10, 12] 

Determining the total antioxidant activity. The antioxidant activity was measured by 
determining the bonding ability of the free radical 1, 1 – diphenyl – 2 – picrylhydrazyl (DPPH), 
based on the method used by Chirinang [5]. 0.05 ml of extract was mixed with 1.95 ml DPPH 
0.01% alcohol solution. After 45 minutes, the absorbance at 515 nm was read. [8, 12] 

Determining the total content of phenols. The phenol content was determined by the 
Folin – Ciocalteu method. The extract (10 mg/ml) was mixed with 5 ml Folin – Ciocalteu 
reagent (diluted with 1/10 distilled water). The mixture also included 4 ml 7.5% Na carbonate. 
The mixture was stirred for 5 seconds and afterwards it was incubated for 30 minutes at 400C. 
The absorbance at 765 nm was read at Helios spectrophotometer. The total phenol content 
was expressed as the mg/g equivalent of the gallic acid. [7, 12] 

Determining the reduction power. The reduction power was determined through the 
method described by Jeng-Leun [12]. In a test tube, 2.5 ml extract (10 mg/ml) were mixed 
with 2.5 ml phosphate buffer, pH 6.6 and 2.5 ml K3[Fe(CN)6] (10 mg/ml), then the mixture 
was inserted in the incubator for 20 minutes at 500C. Then, 2.5 ml trichloroacetic acid 100 
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mg/ml were added, while the mixture was centrifuged at 2500 rpm, for 10 minutes. The upper 
layer was mixed with 5 ml ultrapure water and 1 ml FeCl3 1 mg/ml, while the absorbance was 
measured at 700 nm with a Helios spectrophotometer. According to the method, a high 
absorbance indicated a higher reduction power. [8, 12] 

Determining the antimicrobial capacity. For tests, Escherichia coli CBAB 2, Bacillus 
cereus CMGB 215, Listeria innocua CMGB 218 strains were used. Each strain was 
inoculated separately (106 UFC/ml) in a Petri dish on which LB agarised medium was poured. 
20 μl of extract were added and the dish was kept 30 minutes to absorb the extract. Then it 
was inserted in the thermostat, at 28 – 300C, for 24 hours. The generated inhibiting areas of 
the microorganisms were analyzed with the specialized software of Colony Quant. [11, 13]. 
 
Results and Discussions 

 
The first phase of the cultivation experiments in liquid medium was carried out by 

using the two strains: Pleurotus ostreatus EVFB1 and EVFB4. The effects of the carbon 
source and of stirring speed on the biomass production were highlighted. In order to find the 
appropriate carbon source for the production of the biomass, Pleurotus ostreatus EVFB1 and 
EVFB4 pure cultures were used. The inocula were obtained by cultivating each strain in the 
culture medium with 2% malt extract and 2% peptone, without a carbon source. The tests 
were made by using a 2% concentration of glucose, sucrose and lactose, at stirring speeds 
between 0 - 250 rpm.  

 

Figure 1. The fresh cell biomass 
quantity after cultivating 

Pleurotus ostreatus EVFB1 with 
2% glucose, sucrose, lactose 

Figure 2. The fresh cell biomass 
quantity after cultivating 

Pleurotus ostreatus EVFB4 with 
2% glucose, sucrose, lactose 
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The studies revealed the fact that, for Pleurotus ostreatus EVFB1 strain, the most 
productive carbon source was glucose, at a stirring speed of 150 rpm (Figure 1). For the other 
stirring values, the results were significantly lower, even for lactose and sucrose. To increase 
stirring with 50 up to 100 rpm, the decreasing of the biomass quantity ranged between 60 - 
70%, if glucose was used. By decreasing the stirring speed by 50 rpm lead to a reduction of 
the biomass quantity of about 63%. If the other two carbon sources were added, the biomass 
quantity was collected also at 150 rpm. The quantity was lower by 10% for sucrose and 21% 
for lactose, compared to glucose.  
 The Pleurotus ostreatus EVFB4 strain indicated a maximum biomass accumulation 
also at 150 rpm, but only if lactose was used as carbon source (Figure 2). For the other 
stirring speed values, the biomass quantity was very low, except for the presence of glucose, 
which induced the accumulation of biomass if stirring was increased by 50 – 100 rpm. The 
obtained values did not exceed a maximum of 6.16 g/l, obtained at 150 rpm, when glucose 
2% was used. This was only 30% of the maximum accumulated quantity, of 16.1 g/l, if when 
2% glucose was used. The decrease of the stirring speed determined an average accumulation 
of 12%, which was very low for such a strain.  

        
 

 
 The influence of the carbon source concentration, namely of glucose in the case of 
Pleurotus ostreatus EVFB1 strain is indicated in Figure 3. The maximum biomass quantity, 
of 41.88 g/l, was obtained if an average 10% concentration of glucose was used. An 
increasing of the glucose concentration determined a strong inhibition of the mushrooms 
growth inside the culture medium. By doubling the glucose concentration from the basic 
culture medium, from 5 - 10 g/100 ml, an increase of the accumulated biomass quantity of 
40% in the submerged culture was generated. In the case of Pleurotus ostreatus EVFB4 
(Figure 4), the result was a maximum of 62 g/l, if a lactose concentration of 15% was used. 
The 5% decreasing of the lactose concentration determined a biomass accumulation by 
11.61% lower. Instead, an increasing by 5% of the lactose concentration in the culture 
medium determined the decreasing of the biomass accumulation quantity. In this case, the 
quantity decreased by 3.87%. 
 
 
 
 
 
 
 

Figure 3. The fresh cell biomass quantity             
after cultivating Pleurotus ostreatus EVFB1 
 if 2, 5, 10, 15 and 20% glucose is used. 

Figure 4. The fresh cell biomass quantity after 
cultivating Pleurotus ostreatus EVFB4 if 2, 5, 10, 
15 and 20% lactose is used. 
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Figure 5. The antioxidant activity of the 
extracts from Pleurotus ostreatus EVFB1 and 
Pleurotus ostreatus EVFB4 freeze-dried 
biomass 
 

 

Figure 6. The phenols quantity of the extracts 
from Pleurotus ostreatus EVFB1 and 
Pleurotus ostreatus EVFB4 freeze-dried 
biomass 
 

Figure 7. The reduction power of the extracts 
from Pleurotus ostreatus EVFB1 and 
Pleurotus ostreatus EVFB4 freeze-dried 
biomass 
 

 
 The second phase of the study consisted in the obtaining of the extracts from the 
freeze-dried biomass of the two fungi strains. Once the carbon source and its concentration 
were established, the two strains were cultivated, in order to obtain biomass, in 1 l Erlenmeyer 
flask, with 500 ml of culture medium. After 10 days of cultivation, the biomass was isolated 
through centrifugation (about 200 g of wet biomass for each strain) and it was freeze-dried 
whithout the cryoprotector agent in order to increase the extraction capacity. The freeze-dried 
product was submitted to ethanol and methanol extraction and each used strain and solvent 
resulted in about 40 ml of extract. 
 The use of a 10 mg/ml extract concentration revealed the fact that ethanol was the 
most appropriate solvent. This feature was common to the two strains, even if, through the use 
of methanol, the Pleurotus ostreatus EVFB1 strain indicated a 89% antioxidant activity. It 
was  6% higher than the one obtained from the Pleurotus ostreatus EVFB4 biomass extract 
with the same solvent (Figure 5). If ethanol was used, the Pleurotus ostreatus EVFB4 strain 
had an antioxidant activity of 94.54%, which exceeded by only 2% the one resulting from the 
Pleurotus ostreatus EVFB1 freeze-dried biomass. In general, it is known that the methanol 
extracts have a lower antioxidant activity [12] of no more than 20%, but freeze-drying without 
a biomass protection agent determines a larger release of the active biological compounds, 
which increases about 4 times. Also, the value of the antioxidant activity of the ethanol 
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extracts was by 2% lower than that of the ascorbic acid and by 4.5% lower than that of 
vitamin E, both used in a 0.5 mg/ml concentration.  
 According to the data presented by Chirinang [5], the phenols compounds are 
predominant in fungi extracts from Pleurotus strains. The average value of the phenols 
quantity in the ethanol extracts was about 38% lower than the one in the alcoholic extracts 
from the Pleurotus ostreatus EVFB1 strain, of 69 mg/ml gallic acid equivalent to the 
methanol extraction (Figure 6). For the Pleurotus ostreatus EVFB4 strain, the obtained value 
was about 15% higher, of 46.8 mg/ml gallic acid equivalent, also for methanol. As compared 
to the values obtained in the case of the methanol extracts, the ethanol ones were lower by 
0.1%, for both strains, a value which can be included in the margin of error.  
 An important observation was that, in this research, the reduction power depended 
more on the strains and the solvent and less on the extract concentration. In the case of 
Pleurotus ostreatus EVFB4, the reduction power exceeded that of Pleurotus ostreatus EVFB1 
by 9% for the ethanol extract and by 6% for the methanol one (Figure 7). For both strains, the 
ethanol extract indicated a reduction power exceeding that of the methanol one by about 25%. 
According to the literature data, the two strains have maximum values of the reduction power, 
which is confirmed by the high antioxidant activity, of over 90%, of the ethanol extracts. 
Table 1. The antibacterial effect of the extracts from Pleurotus ostreatus EVFB1 and Pleurotus ostreatus 
EVFB4 freeze-dried biomass (inhibition area diameter – cm) 

Pleurotus ostreatus EVFB1 Pleurotus ostreatus EVFB4 Sensitive strain Ethanol Methanol Ethanol Methanol 
Escherichia coli CBAB 2 2 0.5 2 1.3 
Bacillus cereus CMGB 215 1.5 0.8 1.5 1.3 
Listeria innocua CMGB 218 1.5 1.5 1 1.5 

 
 The antimicrobial effect of the ethanol and methanol extracts of the two Pleurotus 
ostreatus strains was tested against the three Gram-positive and Gram-negative bacterial 
strains. Table 1 reveals the fact that the effect of the ethanol extract was a lot better than that 
of the methanol one. The ethanol extracts from the biomass of the two strains presented 
relatively similar inhibition areas. The exception to the rule was the ethanol extract from 
Pleurotus ostreatus EVFB4 which had an inhibition area diameter of 1 cm, smaller by a third 
than  the one of Pleurotus ostreatus EVFB1. Instead, the methanol extract from the Pleurotus 
ostreatus EVFB4 freeze-dried biomass had a stronger antimicrobial effect than that of 
Pleurotus ostreatus EVFB1. The diameter obtained in the case of Listeria innocua CMGB 
218 was identical, of 1.5 cm. For Escherichia coli CBAB 2, the diameter was by 61.5% 
smaller, while for Bacillus cereus CMGB 215 only by 38.4% smaller, namely 0.8 cm. 
 
Conclusions 
 
 The alcoholic extracts from Pleurotus ostreatus EVFB1 and Pleurotus ostreatus 
EVFB4 contain, in conclusion, a high quantity of antioxidant compounds. It is remarkable 
that the filtered mass resulting from the separation of the biomass had no antioxidant activity 
and did  not contain polysaccharides. The lack of these two features can  be determined by the 
composition of the culture medium. Instead, the freeze-dried extracts have a high phenols 
content, which also determined the high antioxidant activity. These observations were also 
doubled by the antimicrobial effect of the  two types of extracts, as resulting from the research 
of Loganathan [7], with regard to the ethanol extract. Thus, the use of such extracts may 
generate a protection for the human body against the side effects of free radicals. 



Antioxidant and antibacterial properties of the extracts from Pleurotus ostreatus EVFB1 and EVFB4 
 

46             Romanian Biotechnological Letters, Vol. 16, No. 1, Supplement (2011) 

Acknowledgement 
 
The researches were financed through a project PNCDI II CNCSIS – Human 

Resources, Theme 9/2010 (http://proiectTE9.emanuelvamanu.ro/). 
 
References 
 
1. AYMAN S. DABA, KABEIL S.S., W. A. BOTROS and EL-SAADANI M.A., Production of Mushroom 

(Pleurotus ostreatus) in Egypt as a Source of Nutritional and Medicinal Food. World Journal of Agricultural 
Sciences, 4 (5), 630-634 (2008). 

2. FICIOR D., INDREA D., AL. APAHIDEAN S., APAHIDEAN M., POP R., MOLDOVAN Z., MANIUTIU 
D., GANEA R., PAVEN I., Importance Of Substrat Dizinfection On Oyster Mushroom (Pleurotus Sp.) 
Culture. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 34, 48-53 (2006). 

3. GREGORI A., SVAGELJ M., POHLEVEN J., Cultivation techniques and medicinal properties of Pleurotus 
spp.. Food Technology and Biotechnology, 45 (3), 238 – 249 (2007). 

4. YA-JIE T., LI-WEN Z., HONG-MEI LI, DONG-SHENG LI, Submerged cultivation of mushrooms. Food 
Technology and Biotechnology, 45 (3), 221 – 229 (2007). 

5. CHIRINANG P., KANOK-ORN I., Amino acids and antioxidant properties of the oyster mushrooms, 
Pleurotus ostreatus and Pleurotus sajor-caju. ScienceAsia, 35, 326–331 (2009). 

6. JAYAKUMAR T., THOMAS P.A., GERALDINE P., Protective effect of an extract of the oyster 
mushroom, Pleurotus ostreatus, on antioxidants of major organs of aged rats. Experimental Gerontology, 
42, 183–191 (2007). 

7. LOGANATHAN K. J., SHENBHAGARAMAN R., VENKATASUBBU V., VENKATESAN K., Studies 
on the phytochemical, antioxidant and antimicrobial properties of three indigenous Pleurotus species, 
Journal of Molecular Biology and Biotechnology, 1, 20-29 (2008).  

8. JOAN-HWA Y., HSIU-CHING L., JENG-LEUN M., Antioxidant properties of several commercial 
mushrooms. Food Chemistry, 77 (2), 229-235 (2002). 

9. ALARCO J., AGUILA S., ARANCIBIA-AVILA P., FUENTES O., ZAMORANO PONCE E., 
HERNANDEZ M. Production and Purification of Statins from Pleurotus ostreatus (Basidiomycetes) 
Strains. Zeitschrift für Naturforschung. Section C: Biosciences, 58, 62-64 (2003). 

10. IWALOKUN B. A., USEN U. A, OTUNBA A. A., OLUKOYA D. K., Comparative phytochemical 
evaluation, antimicrobial and antioxidant properties of Pleurotus ostreatus. African Journal of 
Biotechnology, 6 (15), 1732-1739 (2007). 

11. MEHMET A., KIRBAG S., Antimicrobial activity of Pleurotus eryngii var. ferulae grown on various agro-
wastes. EurAsian Journal of BioSciences, 3, 58-63 (2009). 

12. JENG-LEUN M., SHU-YAO T., YU-HSIU T., SHIH-JENG H., Antioxidant properties of hot water extracts 
from Ganoderma tsugae Murrill. LWT - Food Science and Technology, 38, 589–597 (2005). 

13. VAMANU E., VAMANU A., PELINESCU D., Synthesis and Partial Biochemical Characterization of 
Bacteriocin Produced by Lactobacillus paracasei YR Strain. Revista de Chimie, 61 (5), 502-505 (2010). 

14. MAZIERO R., CAVAZZONI V., RAMOS BONONI V. L., Screening of basidiomycetes for the production 
of exopolysaccharide and biomass in submerged culture. Revista de Microbiologia, 30, 77-84 (1999). 

 
 
 
  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




