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Abstract 

Liquid biofuels are mainly bioethanol, which is produced by fermentation of sugars or starches 
derived from agricultural selected resources and biodiesel, produced by transesterification of vegetable 
oils. Despite the large amount of studies performed on bioethanol production, the theme continues to be 
of interest through the new yeast strains with increased performance in fermentation. In this study, 45 
new yeast strains were isolated from fruits and their juices in the air and on special media. Their 
identification at species level was performed by classical methods. During the experiments  seven 
strains of Sccharomyces cerevisiae were selected and tested both at laboratory and pilot level for their 
performances. Among these strains, two of them proved to be thermotolerant and reacted positively by 
moderate development on tested media after a longer period of time (3 to 4 days). The tests conducted in 
pilot station point out that S.cerevisiae F7 strain produced the largest quantity of alcohol in the fermented 
meal. Based to their ability to produce ethanol from corn meal, this strain could be used at industrial level 
for fermentation of various raw materials in order to obtain an increased production of bioethanol. 

 
Keywords: bioethanol production, thermotolerant Sacharomyces cerevisiae 
 
Introduction 

 
Ethanol is an important chemical product with emerging potential as a biofuel to 

replace fossil fuels. An eco-friendly bio-ethanol is one of the alternate fuels that can be used 
in unmodified petrol engines with current fuelling infrastructure and it is easily applicable in 
present day combustion engine, as mixing with gasoline (6).  It is desirable fuel additive 
because it allows fuel to burn more cleanly and lowers greenhouse gas emissions (the emission 
and toxicity of ethanol are lower than those of fossil fuels such as petroleum, diesel etc). 

Ethanol can be produced by fermentation of sugars from agricultural products or waste 
plant material, but when a substrate is chosen the attention must be paid to the economical 
aspects as well to energy consumption (11). The most commonly used ethanol producer is 
Saccharomyces cerevisiae, various strains with good specific rate and increased rate of 
ethanol production at high osmotic activities being isolated and characterized. However, 
during batch fermentation many parameters can cause the decrease of the specific growth rate 
of yeast strains. Moreover, the inhibition of yeasts growth can be caused by product or 
substrate concentration (5). 

For these reasons, the isolation and characterization of new yeast strains, able to 
produce higher ethanol yields during fermentation in specific conditions continue to be of 
great interest from practical point of view.  

The aim of this study was to investigate the ability of some new Romanian yeast 
strains to produce ethanol during the fermentation of corn meal as well their thermotolerance 
and osmotolerance. 
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Material and methods 
 
 Biological material. Fruits and juice fruits as well as sugar beet molasses and corn 
meal were used for yeasts isolation. Dilutions of suspensions obtained from these materials 
were placed on complete media (YEPD) contained 1% yeast extract, 2% peptone, 2% glucose 
and 2% agar. The Petri plates were then incubated at 27°C for 48 to 72 hours. From the 
isolated yeasts, a number of 7 strains were studies to determine their abilities in bioethanol 
production. A medium with molasses was used as a special medium (molasses was diluted to 
100Bx, salts with phosphorus and nitrogen were added, and pH was fixed at 4.2 with H2SO4). 

Identification of yeast isolates. Isolated colonies with distinct morphological 
appearance and with enhanced abilities of ethanol production were taken aseptically and 
subjected to several tests for identification. In this order, the classical methods described by 
Barnnet et al. (1) based on examination of morphological and physiological properties of 
yeasts isolated in pure cultures were applied. The DBB test (Diazonium Blue B) was used to 
differentiate ascomycetous yeasts from basidiomycetous yeasts. Determination of culture 
character of yeasts was made on medium based malt mash of 8% d.m. concentration sown 
with an eye loop of each strain selected. The tubes were incubated 72 hours at 28oC and then 
10 days at 20oC. Ring formation, film appearance and sediment formation, after three and ten 
days, respectively were observed.  Finally, the selected strains were identified at species level 
using API ID32C system (Biomerieux). 

Selection of thermotolerant yeast strains. All cultures were incubated at 30oC, 37oC, 
40oC and 45oC for 72 h. The initial optical density of each flask was read off on Helios γ 
UV/Visible Spectrophotometer at 660 nm against the medium as blank. The increase in 
optical density in a flask was recorded as evidence of growth (8, 12). 

The ability to grow in the presence of high concentrations of sugar was tested by 
development on agar media distributed in Petri plates and on malt-yeast extract containing 
50% D-glucose, respectively. The incubation was performed for 4 weeks at 250C. Time periods 
for readings to assess the colonies development were 3, 7 and 30 days. The assessment 
consisted of comparing the colony diameter with the sample, represented by the same strain 
colony developed on normal cultivation medium and malt extract agar, respectively. Positive 
results were considered those obtained in experiments with yeast strains whose colonies on 
medium with 50% glucose were at least as developed as the reference culture (10). 

Fermentation technology. Overnight pre-inoculum cultures were prepared in YEPD 
and the optical density (OD) of the culture was determined at the wavelength of 600 nm using 
a Helios γ UV-Vis spectrophotometer. Each aliquot (50 mL) of the media containing 20% 
glucose and 0.67% nitrogen base was inoculated with 1.2 × 108

 cells based on the conversion 
factor of 0.50 OD being equal to 1 ×107

 cells. The pilot installation used in the experiments 
consists of fermentors with different volumes (total volume of 20 L, 100 L and 140 L), fitted 
with pH monitoring and controlling equipment and dosage equipment (raw material, nutrient 
salt solutions) (3).  

Determination of sugar concentration. The sugar concentration was determined by 
Rapid method (7, 9). The 5 ml of fermented sample was taken and dissolved in 100 ml of 
distilled water and mixed with 5 ml of conc. HCL acid and is heated at 70oC for a period of 
10 min. The obtained sample was neutralized with NaOH and it was prepared to 1000 ml and 
taken into burette solution. The 5 ml of Fehling A and 5 ml of Fehling B were taken and 
mixed with 10 to 15 ml of distilled water in a conical flask and Methylene blue indicator was 
added. The conical flask solution was titrated with burette solution in boiling conditions until 
disappearance of blue colour. The sugar concentration was calculated by using the formula 
given below:  

Sugar Concentration (gm/l) = [(Dilution factor x Fehling factor) / Titrate value] x 100 
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Determination of ethanol concentration. The production of ethanol was examined 
by using the method described by Periyasamy et al. (9). About 5 to 10 ml fermented sample 
was taken and pinch of potassium dichromate and a few drop of H2SO4 were added. The 
colour of the sample turns from pink to green which indicates the presence of bio-ethanol. 
The ethanol concentration was determined according the method described by Begea et al. (2). 
 
Results and discussion 
 

1. Isolation of new yeast strains 
 A total of 45 strains of yeast were isolated during our experiments. Among them, 
seven strains proved increased abilities to produce ethanol and they were used in the 
fermentation tests as well as for thermo- and osmotolerance. Their morphological 
characteristics are presented in table 1. 
Table 1. Morphological characteristics of selected yeast strains 

Culture characters 
On solid medium 

Strain 
On liquid medium 

In sloping tube In Petri plates (colonies) 
E27 Colony white to cream, moderate growth after 

24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture. 
 

Large uniform colonies, round, 
with full edge and convex profile , 
smooth  aspect type "S", opaque, 
with glossy surface and sticky 
consistency.  

M17 
 

Colony white to cream, moderate growth after 
24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture 

Large uniform colonies, round, 
with full edge and convex profile , 
smooth  aspect type "S", opaque, 
with glossy surface and sticky 
consistency. 

F3 Colony white to cream, moderate growth after 
24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture 

Large uniform colonies, round, 
with full edge and flat profile, 
smooth aspect type "S", opaque, 
with matte surface and sticky 
consistency. 

F7 Colony white to cream, moderate growth after 
24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture 

Large uniform colonies, round, 
with full edge and convex profile , 
smooth  aspect type "S", opaque, 
with glossy surface and sticky 
consistency 

M18 
 

Colony white to cream, moderate growth after 
24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture 

Large uniform colonies, round, 
with full edge and convex profile , 
smooth  aspect type "S", opaque, 
with glossy surface and sticky 
consistency 

M21 
 

Colony white to cream, moderate growth after 
24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture 

Large uniform colonies, round, 
with full edge and convex profile , 
smooth  aspect type "S", opaque, 
with glossy surface and sticky 
consistency 

D7 Colony white to cream, moderate growth after 
24h, growth at medium surface is absent, with 
ring of foam, the deposit presents a fine 
appearance, with complete disintegration. Gas 
bubbles all over the medium mass. 

Abundant growth type “H”, 
route seeding thin and wet, 
spread out aspect, opaque 
culture 

Large uniform colonies, round, 
with full edge and convex profile , 
smooth  aspect type "S", opaque, 
with glossy surface and sticky 
consistency 

 
The particularities of these strains at microscopically level were presented in table 2 

and fig.1. 
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Table 2. Microscopically characteristics of selected yeats 
Cells   Strain Shape Group Budding mode Pseudomycelium Sporulation 

E27 Round and round-
oval cells 

Isolated or grouped in 
small clusters Unipolar bud Does not form 

pseudomycelius 1-4 spores 

M17 
 Round-oval cells Grouped in large clusters, 

rarely isolated Unipolar bud Forms 
pseudomyceliums 1 - 4 spores 

F3 Round-oval cells Isolated or grouped in 
small clusters Unipolar bud Does not form 

pseudomycelius 1 - 4 spores 

F7 Round-oval cells Isolated or grouped in 
small clusters Unipolar bud Does not form 

pseudomycelius 1 - 4 spores 

M18 
 Round-oval cells Isolated or grouped in 

small clusters Unipolar bud Forms 
pseudomyceliums 1-4 spores 

M21 
 Round-oval cells Isolated or grouped in 

small clusters Unipolar bud Forms 
pseudomyceliums 1-4 spores 

D7 Round-oval cells Isolated or grouped in 
small clusters Unipolar bud Does not form 

pseudomycelius 1 - 4 spores 

 

    
Figure 1. Cell shape of strains designated as M21 (left) and F7 (right)  

  The application of API ID32C system for identification of selected strains allowed the 
conclusion that all seven isolates belong to Saccharomyces cerevisiae.   

 

2. Selection of thermo- and osmotholetant yeasts with ethanol production activity 
The thermotolerant yeast could promote high yield of ethanol at high temperature. 

Also, the metabolic activity of microbes and frictional effects of agitation serve to generate 
large amounts of heat (4). Thus, additional energy to maintain the vessels at the desired 
temperature as well as the cooling requirements after sterilization should be reduced. 

The effect of temperature on the growth of yeast was study under the range of 30-
45oC. All the seven strains shown a very good level of growth at 37oC, the best results being 
obtained with the strain designated F7 (fig.2). At temperature higher than 40oC, the growth of 
all selected yeasts was decreased. In this study, ethanol fermentation was occurred at 
temperature higher than optimum temperature because yeast currently used for industrial 
fermentation are rapidly inactivated at 33-35oC 

 
Figure 2. The optimum growth temperature of the thermotolerant yeast strain F7 cultivated in YEPD broth for 3 days 
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Another parameter examined in our experiments was the sensitivity to higher 
concentration of glucose (up to 50%). All the seven strains tested exhibited moderately 
growth on malt extract + 50% glucose after a longer incubation period (3 to 4 days).  
 

3. Fermentation studies with selected strains 
The ethanol production from raw materials of agricultural origin, with lower price, is 

the aim of most of the studies performed in many laboratories. In our experiments, corn was 
used as raw material. Corn starch was saccharified using alpha-amylase (Liquozyme SC DC) 
and amyloglucosidase (Spirizyme Fuel) supplied by Danish company NOVOZYMES.  

The corn used in the experiments had the following quality parameters: humidity - 
11,64 %; starch content - 65,25 % d.m. 

The corn meal was obtained using the following technological diagram: 
• corn grinding using a  hammer mill with 1.5 mm holes; 
• hydromodul corn : water = 1 kg : 2 litres;  
• 0.2 g / kg corn Liquozyme SC added; 
• 2ppm  Ca+2  ions  added (as  calcium chloride); 
• fermentation– 10 minutes at a temperature of  500C ; 
• increase  of meal temperature up to  850C; 
• meal temperature is maintained  850C for  90 minutes ; 
• meal cooling to 700C, the temperature of amyloglucosidase added; 
• 0.5 ml/kg corn Fuel Spirizyme added; 
• meal further cooling to 320C , the temperature of yeast sowing;  
• meal alcoholic fermentation was conducted in the following conditions: 
• temperature - 320C; 
• pH - 4,5 – 4,8.  
• 1000 ppm urea added; 

It has been worked using the technological version with adjustment of pH value to 4.5 
by adding H2SO4 (concentration 1/6), followed by maintenance throughout the fermentation 
of this value by adding ammonia-water of 25% concentration. 

The level of ethanol production by the selected yeasts strains with corn meals as raw 
material is presented in fig.3.  

14,61
14,9814,86

15,7

14,9815,13
14,45

13
13,5

14
14,5

15
15,5

16

A
ve

ra
ge

 a
lc

oh
ol

-c
on

te
nt

 
in

 fe
rm

en
te

d 
co

rn
 m

ea
ls

 
(%

)

E27 M17 F3 F7 M18 M21 D7

Yeast strain tested

 
Figure 3. Ethanol production by selected yeast strains 

 
It is clear that the best results were obtained with the strain F7, followed by M21. 

During pilot experiments the evolution of alcohol content in fermented mash, total sugar 
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content and sugar directly assimilated were examined. The evolution of these parameters 
during fermentation (five repetitions) with selected yeast strains is presented in table 3.  

 

Table 3. The evolution of principal parameters during fermentation 
Yeast 
Strain 

Alcohol-content in fermented corn 
meal (at the end of fermentation), 

 % v/v 

Residual 
sugar,  

% 

Glucose, % Fermentation lenght 
(when fermentation was 

stopped), hours 
13,72 1,23 0,13 69 
14,31 1,08 0,09 73 
14,57 1,11 0,07 64 
15,29 1,07 0,06 68 

E27 

15,18 1,08 0,07 70 
14,90 1,43 0,35 67 
14,52 1,39 0,21 70 
15,11 1,27 0,10 74 
15,42 1,32 0,15 60 

M18 

14,97 1,49 0,19 70 
14,26 1,18 0,20 69 
14,19 1,33 0,19 73 
13,95 1,28 0,17 66 
14,84 1,20 0,12 71 

D7 

15,03 1,19 0,10 73 
15,91 1,21 0,23 70 
15,74 1,40 0,08 71 
15,52 1,26 0,10 74 
15,63 1,35 0,07 69 

F7 

15,71 1,24 0,08 64 
13,97 1,12 0,14 59 
14,11 1,23 0,09 61 
14,29 1,31 0,11 63 
14,53 1,27 0,22 68 

M17 

14,88 1,31 0,18 64 
14,67 1,27 0,19 67 
14,92 1,52 0,23 72 
15,12 1,19 0,09 75 
14,74 1,41 1,12 70 

F3 

14,89 1,20 0,31 67 
15,40 1,31 0,24 66 
15,03 1,29 0,10 70 
14,86 1,22 0,10 70 
15,07 1,34 0,13 71 

M21 

15,31 1,17 0,07 72 
 

As it was shown, the best results were obtained with the strain F7 that proved to be 
thermotolerant and osmotolerant. Due to these properties, the strain was used in specific 
fermentations, in order to establish the performance in pilot installation. The results were 
presented in fig.4.  

 
Figure 4. Evolution of total sugar, glucose and ethanol content in the fermented meal using the strain F7 
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It is apparent that high glucose concentration can be efficiently converted into ethanol 
by the thermotolerant yeast strain S1. The results also indicate to a certain extent the 
inhibitory effects of high glucose concentration on the ethanol production. Glucose inhibition 
is related principally to osmotic effects: a high concentration of glucose in the medium 
inhibits the growth of yeast cells and the production of ethanol, and the inhibitory effect is 
attributed to high osmotic pressure. This inhibitory effect is one of the major problems for 
ethanol production. Using the strain F7 that could resists to higher concentration of glucose 
the level of ethanol concentration is maintained at high level. 
 
Conclusions 
 
1. The screening experiments for identification of new natural yeast strains with increased 

abilities of ethanol production allowed the selection o seven strains. The cell morphology 
of the yeast cells under microscope, the colony morphology and biochemical 
characteristics (according API ID32C system) were specific to Saccharomyces cerevisiae 
(for all the isolates). 

2. All the new isolates were able to growth at increased temperature and exhibited a moderate 
osmotolerance. Among them, the strain F7 was the most tolerant. 

3. The ability to produce ethanol from corn meal was tested for all the new selected yeasts. 
The best results (the highest ethanol concentration) were obtained with the strains F7 and 
M21. These strains could be used at industrial level for fermentation of various raw 
materials in order to obtain an increased production of bioethanol. 

 
References  
 
1. BARNNET, J.A., PAYNE, R.W. & YAROW, P.  1978,  A guide to identifying and classifying yeasts, 

London, Cambridge University Press. 
2. BEGEA, M., MARIANA VLĂDESCU, GHEORGHE BÂLDEA, CORNELIA CÎMPEANU, CRISTINA 

STOICESCU, PAUL BEGEA (2009). Isolation and selection of high ethanol producing yeast strains, 
Journal of Agroalimentary Processes and Technologies, Vol 15 (1), p. 107-111 

3. CAMPEANU, G., NEAMTU, G. & SOCACIU, C. 1995,  Plant Biochemistry ,Editura Didactica si 
Pedagogica, Bucharest. 

4. GRAVES, T., NARENDRANATH, N. V., DAWSON, K. & POWER, R. 2006,  ‘Effect of pH and lactic or 
acetic acid on ethanol productivity by Saccharomyces cerevisiae in corn mash’, Journal of Industrial 
Microbiology & Biotechnology, 33(6), 469-474. Mousdale, D., Biofuels: Biotechnology, Chemistry, and 
Sustainable Development, CRC Press, New York, 2008, pp. 96-102. 

5. GUAT OOI,B., LANKFORD,K.R., 2009, Strategy for Adapting Wine Yeasts for Bioethanol Production, 
Int. J. Mol. Sci., 10, 385-394 

6. HANSEN,A.C., ZHANG,Q., PETER,W., LYNE,L., 1985, Ethanol diesel fuel blends – a review, 
Bioresource.Technol., 96, p. 277-285 

7. KOSARIC, N., VARDAR-SUKAN, F., PIEPER, H.J., SENN, T. (2001). The Biotechnology of Ethanol. 
Weinheim, Germania: Wiley-VCG Verlag GmbH. 

8. OPREAN, L. 1998, Osmosensitivity, thermoresistance and preservatives resistance of some isolated yeasts 
strains, Acta Universitatis Cibiniensis Series E: Food Technology, Vol. II, nr. 2, pg. 41-46. 

9. PERIYASAMY,S., VENKATACHALAM,S., RAMASAMY,S., SRINIVASAN.V., 2009, Production of Bio-
ethanol from Sugar Molasses Using Saccharomyces Cerevisiae , Modern Appl.Science, vol.3, nr.8, p.32-36 

10. PHAM, T.K. &  WRIGHT, P.C. 2008,  The Proteomic Response of Saccharomyces cerevisiae in Very 
High Glucose Conditions with Amino Acid Supplementation- J. Proteome Res., 7 (11), pp. 4766–4774. 

11. RAKIN,M., MOJOVIC,L., NIKOLIC,S., NEDOVIC,V., 2009, Bioethanol production by immobilized 
Saccharomyces cerevisiae var.ellipsoideus cells, Afr.J.Biotechnol., vol.8, p. 464-471 

12. SRIPIROMRAK,A., 2006, Isolation and characterization of thermotolerant yeast for ethanol production, 
Thesis for the Degree of Master of Science in Biotechnology, Suranaree University of Technology 



<<
  /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


