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The issue of preventing the re-fermentation and protection against undesirable malolactic
fermentation (MLF) in order to safe content of acids in wine is very complicated. In this paper the
saturated higher fatty acids (HFA) - C,,C, and C,, dimethyldicarbonate (DMDC) and sulphur dioxide
(SO,) were tested. The re-fermentation test showed the strongest inhibition power at ratio 2:8, 1:9 and
0:10 as C:C, acids - 65 days without re-fermentation. MLF experiments confirmed that addition of
SO, into the fermenting media causes rapid inhibition of lactic acid bacteria metabolic activity. Malic
acid concentrations were proportionally decreasing during 6 days of experiment and at the end the
content of this acid varied between 0.16 and 0.22 g/L, the only exception formed a variant with the
addition of SO, (1.57 g/L of malic acid). After calculation of the average consumption rate of malic
acid, the results showed the inhibition power - SO, (81.05%) followed by variant of 40 mg/L mixture
of HFA (40.76%), a variant of 200 mg/L of DMDC (31.98%) and a variant of 20 mg/L mixture of HFA
(12.59%). The addition of HFA can significantly reduce the dosage of other preservatives, especially
SO,. Based on results, this method can be recommend in the production of wines with residual sugar
and also wines made from over-mature material to prevent undesirable MLF.

Keywords: yeast inhibition, malolactic fermentation, octanoic acid, decanoic acid, Saccharomyces

cerevisiae, dimethyl dicarbonate

INTRODUCTION

Malolactic fermentation (MLF) is the second stage
of winemaking for most of the red and some white
wines. MLF can increase microbiological stability
and enhance wine flavor and aroma (BARTOWSKY
etal., 2002; NEHME et al., 2008). A wines undergoing
malolactic conversion are cloudy due to the
presence of bacteriaand cells of dead yeasts, and may
have the curious smell of buttered popcorn, due to
the production of diacetyl. Wines, especially wines
with residual sugar, could be considered as a hostile
life medium for micro-organisms. Few of them are
able to spoil these wines during storing, therefore
causing irreversible organoleptic damages. The last
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fundamental step of winemaking to stopping and
prevention of re-fermentation or start of undesirable
MLF is addition of SO,. The possibility of new
fermentation during maturing in barrels or bottle
ageing seems to prove the survival of yeasts a long
time after the first alcoholic fermentation (DIVOL
et al., 2006). The issue of preventing or stopping
of MLF in order to safe content of acids in wine is
very complicated (SON et al., 2009; RODRIGUEZ-
NOGALES et al., 2013). Especially in over-mature
material with higher pH where improved growth of
lactic acid bacteria can occur. Current methods used
in practice, such as cooling and filtration, SO, doses
or lysozym treating, leading to increasing costs and
are undoubtedly very laborious and particularly
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unavailable for home winemakers. Separate
application of SO, is not always wholly reliable, and
at high concentrations it leads to quality reduction.
Moreover SO, may cause allergic reaction and it
should be reduced in wine technology in the future
(BARON et al., 2011).

Another preservative is dimethyl dicarbonate
(DMDC), authorised in the USA up to the
cumulative amount of 200 ppm and in Australia
up to 200 mg/kg. In Europe, DMDC has just been
authorized with the maximum limit of 200 mg/l.
DMDC breaks down to form methyl carbamate,
carbon dioxide and methanol, which is considered
to have practically no toxic effects (HOU et al,, 2008).
OUGH et al. (OUGH et al., 1988) demonstrated
that 100 mg/l DMDC sterilized wine completely
at pH below 3.8 in the absence of SO,, even if the
initial yeast population was greater than 107 cells
per milliliter. In the European Union, DMDC
is currently authorized for use in unfermented
beverages at doses below 250 mg/l. In view of its
properties, especially the possibility of reducing
the use of SO,, DMDC is currently being tested with
a view to registration in the OIV International Code
of Winemaking Practices (COSTA et al., 2008; EDER
2011).

Higher monocarboxylic saturated fatty acids
were studied for their inhibitory effect on alcoholic
and malolactic fermentation many years ago
(VIEGAS et al., 1991; VIEGAS et al., 1995). Some
of the higher fatty acids (HFA) with 16 or 18
carbons, C and C are fermentation activators.
On the contrary, other HFA with shorter chain, in
particular acids, hexanoic C,, octanoic C,, decanoic
C,, and dodecanoic acid C,, have fungicidal and
antibacterial properties (VIEGAS et al., 1991,
VIEGAS et al., 1995, CARRETE et al., 2002). They
are made by yeasts themselves during alcoholic
fermentation and may contribute to its difficulties
in completing the course (SACORREIA ¢t al., 1983;
ALEXANDRE et al, 1996). Strong properties to
inhibit yeasts and lactic acid bacteria (GARBAY et al.,

1: Content of individual HFA in re-fermentation test

1995; GUILLOUX-BENATIER et al., 1998) with the
current potential for treatment of wine against re-
fermentation is likely to offer a mixture of saturated
higher fatty acids (HFA) C,, C, and C,, (BARON ¢t al.,
2011). HFA are currently not used for inhibition
of malolactic fermentation and the possibly
prevention of re-fermentation in wine technology
and wine storage. Published works demonstrate
the properties of HFA. Most experiments were
performed in synthetic media, not in real musts or
wines.

This paper is aimed on inhibition of malolactic
fermentation and the possibility of prevention of re-
fermentation in wine technology and wine storage.
The aim is to show the use of HFA, which may pose
a sparing and safe alternative to this process.

MATERIALS AND METHODS

Re-fermenting test

Wine for re-fermenting test was made from
sterilized must with inoculated yeasts Saccharomyces
cerevisiae (ZYMAFLORE VL1®) and alcoholic
fermentation was stopped by cooling and SO,
addition. Each flask volume 750ml (n = 2), was
treated as outlined in Tab. I. Experiment was
performed by room temperature about 22 °C. To
determine the effect of HFA on the re-fermentation
was selected wine divided into twelve variant (n = 2).
Within eleven variant was added a mixture of
HFA, one variant served as a control. The bottles
were closed only with temporary fermentation
stopper and stored at room temperature in order
to support of re-fermentation. As a detection of re-
fermentation in the bottle was used sensory testing
and controlling of carbon dioxide production. Time
of re-fermentation was set as the average of two
bottles rounded to the day.

Wine for MLF test, each flask volume 750ml
(n = 2), was inoculated with commercial strain
of bacteria Viniflora Oenos - Christian Hansen

Higher saturated fatty acids (mg/L)

Variant 1 2 3 4 5 6 7 8 9 10 11 12
C8 0 10 9 8 7 6 5 4 3 1 0
C10 0 0 1 2 3 4 5 6 7 9 10
I1: Parameters of treated wines

Chemical characteristic Wine for MLF  Wine for re-fermentation Analytical method
Alcoholic degree %, ethanol (v/v) 13.2 11.8 Distillation
Titratable acidity (g/L tartaric acid) 8.6 7.5 Titration with point of pH 7.0
pH 3.53 3.22 Potentiometer
Residual sugar (g/L) 1.2 18.0 HPLC of sum glucose and fructose
Free SO, (mg/L) 4.4 28.4 Ripper method
Total SO, (mg/L) 22.6 162.8 Ripper method
Filtered None None
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(Oenococcus Oeni). For inhibition was used a mixture
of HFA C,, C,; (2:8) dissolved in 70% vol. ethanol,
with 100ml ethanol solution containing 10g of this
mixture, C,,, DMDC and SO,.

Analysis of basic parameters was performed as

outlined in Tab. II.

Calculation of consumption rates

Malic acid consumption kinetic can be deduced
from general consumption kinetics, since most of
the available models assume malic acid utilization
equal to function of time f,.

aM,

dt =i
dM, _
I =kM,

InM!=InM? - kt

MO

In Mi"

k= Mc |
1.

1

where M represents concentration of malic acid, M?
and M represent malic concentration at time zero
and t, respectively. Consumption rates k, induced
by used treatments were calculated according to
Eq. (1) for each day. Average consumption rate was
calculated from individual consumption rates.

Analytical determinations

HPLC estimation of acids and sugars

Must samples were centrifuged (3000 x g; 6 min)
and diluted with 10x demineralised water. The
estimation was performed by means of IC in the
Shimadzu LC-10A system plus the thermostat
(column oven) CTO-10ACvp set at 60 °C. The
manual injection Rheodyne valve had a loop with
the volume of 20 pl. The separation was performed
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in an isocratic regime with the mobile phase of
2mM sulphuric acid at the flow rate of 0.75 ml/min
in the column Watrex Polymer IEX H form 10 pm;
250 x 8mm with 10 x 8mm. Spectrophotometric
detection was performed by the DAD detector SPD-
MAvp. Organic acids were measured at 210 nm.
The quantification of the individual analyses was
performed on the basis of external calibration.

Statistical evaluation

The results obtained were statistically analysed
using the statistical program STATISTICA 10.
Evaluated were the means and standard deviations
using ANOVA with subsequent Tukey’s test at
significance level of p < 0.01.

RESULTS AND DISCUSSION

Re-fermentation test

First experiment was carried out with re-
fermenting wine (see Materials and Methods).
The obtained results (Fig. 1) demonstrate the
inhibitory effect of HFA on yeasts initiating the re-
fermentation. While the control sample started to
re-ferment after 25 days, a sample with addition of
HFA (variants 10, 11, 12) resisted few times longer
- 65 days. The enhancement of stability against re-
fermentation by octanoic and decanoic acid was
quantified at different ratios of C, and C, . Decanoic
acid was found to be more toxic than octanoic acid,
which correlates with the higher liposolubility
of its undissociated form (VIEGAS et al., 1997;
SACORREIA ¢t al, 1986). Results showed the
strongest inhibition power of ratio 2:8, 1:9 and 0:10
as C,;C,. Higher fatty acids dramatically reduce the
need of SO, addition in stored and bottled wines
with residual sugar (BARON et al., 2011).

Inhibition of MLF

For the MLF experiment the tested wine was
inoculated by lactic bacteria (see Materials and
Methods). After the beginning of MLF, the wine

60 -

50 A

40 -

30 A

20 A

Length of inhibitory effect HFA (Days)

4 5

6

10 11 12

Variants

1: Theinhibitory effect of HFA for yeasts initiating re-fermentation
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TI1: Concentration of lactic, citric and acetic acids in MLF test

Lactic acid (g/L) Citric acid (g/L) Acetic acid (g/L)

Days 29.11. 30.11. 1.12. 3.12. 29.11. 30.11. 1.12. 3.12. 29.11. 30.11. 1.12. 3.12.
Control 1.07 162 207 184 023 019 008 006 040 038 043 043
2 mg/L mixture 1.29 1.67 1.99 1.83 0.26 0.20 0.08 0.06 0.41 0.40 0.43 0.41
4 mg/L mixture 133 1.57 2.10 1.78 0.26 0.19 0.09 0.06 0.43 0.42 0.49 0.41
10 mg/L mixture 1.36 1.58 1.87 1.73 0.30 0.20 0.09 0.08 0.43 0.40 0.45 0.42
20 mg/L mixture 117 156 181 177 025 030 009 0.09 041 042 043 049
40 mg/L mixture 124 116 162 177 026 027 030 0.09 039 040 047 049
10 mg/L C12 130 167 184 183 031 027 010 005 044 038 047 044
60mg/L SO, 089 086 090 101 027 031 031 022 040 040 043 043
50 mg/L DMDC 1.24 1.65 1.96 1.92 0.24 0.29 0.09 0.07 0.41 0.43 0.49 0.42
200 mg/L DMDC 1.15 1.42 1.68 1.76 0.25 0.25 0.19 0.15 0.41 0.36 0.46 0.46

3

= u Control ® 2 mg/L mixture » 4 mg/L mixture ® 10 mg/L mixture ™20 mg/L mixture
% ¥ 40 mg/L mixture ¥ 10 mg/L C12 60 mg/L SO2 50 mg/L DMDC %200 mg/L DMDC
S
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=
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28.11. 29.11. 30.11. 1.12. 3.12.
Days

2: Content of malic acid in the monitored variants during the six days experiment

was divided into ten variants (n = 2) and treated by
different concentrations of HFA mixture C,, C,(2:8),
individual C ,, SO, a DMDC at two doses. Mixture of
HFA was chosen as the base of re-fermentation test.
The evolution of major organic acids was monitored
during six days and results are shown in Tab. ITIT and
Fig. 2.

Our attention was focused on four important
organic acids - malic acid, lactic acid, citric acid
and acetic acid. The content of acetic acid in the
monitored variants differed minimally. Significant
inhibition of MLF occured in the variant with 60
mg/L SO,, where the lower content (1.01 g/L) of
lactic acid was observed and citric acid content
was significantly higher (0.22 g/L) (Tab. III). Special
attention was paid to the content of malic acid, which
significantly affects the taste and quality of wine,
while not only its final concentration is important,
but also the kinetic of its degradation (UGLIANO
et al., 2003; HERNANDEZ-ORTE et al., 2009; EDER,
2011). Malic acid values were proportionally
decreasing during the experiment and at the end

of the experimental period the content of this acid
varied between 0.16 and 0.22 g/L, the only exception
was again formed at the variant with the addition
of SO, (Fig. 2). This was probably due to a greater
inhibition of lactic acid bacteria with SO,.

To have more precise idea about the kinetic
of malic acid degradation and so the proportion
of inhibition, average consumption rates were
calculated (see Materials and Methods). Tab. IV
shows data gained from the calculation with
standard deviation. After six days the strongest
inhibition properties against lactic acid bacteria
were investigated in the case of SO,, which was the
only variant where the MLF was definitely stopped
after experiment.

The inhibition power was compared and
calculated by Tukey’s test, p < 0.01 (Tab. TV). All the
variants were devided into 3 groups. For a simple
quantification, the ratio between the average
consumption rates and the control variant was
calculated in percentages. The MLF experiment
showed the highest inhibition power in the case
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IV: Inhibitory power calculated by Tukey’s test

Variant Inhﬂ;ltlon Average consumption rate SD

0
Control 0.00 0.532 0.12
2 mg/L mixture -3.22 0.54 0.14
4 mg/L mixture -1.82 0.54 0.12
10 mg/L mixture 3.92 0.512 0.15
20 mg/L mixture 12.59 0.46% 0.13
40 mg/L mixture 40.76 0.31% 0.13
10 mg/L C12 2.20 0.52¢ 0.08
60 mg/L SO, 81.05 0.10° 0.03
50 mg/L DMDC 5.29 0.50¢ 0.14
200 mg/L DMDC 31.98 0.36% 0.09
F k%

The results were statistically analysed by the ANOVA method and Tukey’s test. The letters indicate statistically significant

differences determined by Tukey’s test; ** p < 0.01.

of SO, (81.05%) followed by the variant of 40 mg/L
mixture of HFA (40.76%), a variant of 200 mg/L of
DMDC (31.98%) and the variant of 20 mg/L mixture
of HFA (12.59%). The lowest inhibition power was
evaluated in the case of 2 and 4 mg/L mixture of HFA
(-3.22%, resp. -1.82%), which can be considered as
stimulants. The experiment showed a significant
inhibition power of HFA and DMDC (EDER 2012).
The inhibitory effect of other variants on the lactic
acid bacteria was not significant.

CONCLUSIONS

The prevention of re-fermentation and
undesirable MLF in order to save the content
of residual sugar resp. organic acids in wine is
very complicated. HFA were shown as a useful
complementary method for SO, dosing during
wine storage. The procedure uses a mixture of HFA
reducing the labor intensity of wines with residual

sugar. And according to today’s requirements
on SO, reduction, especially in the case of bio-
wines, this mixture could be used very effectively.
The most effective can be the addition of HFA in
combination with reduced dose of SO, in home-
winemaking conditions, where it is not possible to
use expensive operations commonly used in larger
wineries (cooling down, sterile filtration). HFA
protect wines containing residual sugar against re-
fermentation and they can also effectively increase
the wholesomeness of the product.

In the case of the inhibition of lactic bacteria
by HFA there was found out that permissible
concentrations are not sufficient for stopping the
MLEF. However, in combination of HFA with SO,,
there could be sufficient synergistic inhibitory effect
when using a lower dose of SO,. Simultancously
the wine can be protected, at least partly, to prevent
unwanted MLF.

SUMMARY

This work is aimed on inhibition of wine re-fermentation by mixture of saturated higher fatty acids
(HFA) and comparison of HFA - C, C,and C,,, dimethyldicarbonate (DMDC) and SO, efficiency
against malolactic activity.

In re-fermentation test was found out the same and the strongest inhibition power of ratio 2:8, 1:9 and
0:10 as C;:C, acids - 65 days without re-fermentation compared to 25 days as a control variant.

MLF experiment has confirmed that addition of SO, into the fermenting media causes rapidly
inhibition of lactic bacteriametabolic activity. Malic acid values were proportionally decreasing during
6 days of experiment and at the end was the content of this acid between 0.16 to 0.22 g/L, the only
exception formed a variant with the addition of SO, (1.57 g/L) where was MLF completely stopped. In
the case of HFA and DMDC, kinetic of malic acid degradation showed some inhibition power which
was not sufficient to MLF stopping. After calculation of malic acid consumption rate results showed
the inhibition power - SO, (81.05%) followed by variant of 40 mg/L HFA mixture (40.76%), 200 mg/L
DMDC (31.98%) and 20 mg/L HFA mixture (12.59%). Addition of HFA can significantly reduce the
dosage of other preservatives especially SO,. Optimized properties against re-fermentation with the
current potential for treatment of wine to lactic acid bacteria is likely to offer a mixture of HFA C,, C,
(2:8) dissolved in 70% vol. ethanol, with 100 ml ethanol solution containing 10g of this mixture. Such
amixture is prepared in aliquid state and there is unlikely to create a solid phase at low temperatures,
which makes it very easy to dose in practice. The advantage of the proposed mix is high fungicidal
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activity of C, and C, acids, and the inhibitory effect against yeasts and lactic acid bacteria. Secondary
purpose of C, acidis to increase the solubility of C  acid. Addition of HFA can significantly reduce the

dosage of other preservatives such as SO,.

Described method is now in the Czech Republic three-years testing program under the auspices of
the OIV (The International Organisation of Vine and Wine).

REFERENCES

ALEXANDRE, H, MATHIEU, B. and
CHARPENTIER, C.,1996: Alteration in membrane
fluidity and lipid composition, and modulation
of H+-ATPase activity in Saccharomyces cerevisiae
caused by decanoic acid. Microbiology, 142: 469-
475.

BARON, M. and BABIKOVA, P, 2011: Saturated
higher fatty acids as ameans of inhibiting alcoholic
fermentation and sulphur dioxide reduction in
wine. Mitteilungen Klosterneuburg, 61: 158-165.

BARTOWSKY, E. J., FRANCIS, I. L., BELLON, J. R.
and HENSCHKE, P. A., 2002: Ts buttery aroma
perception in wines predictable from the diacetyl
concentration? Australian Journal of Grape and Wine
Research, 8: 180-185.

CARRETE, R., VIDAL, M. T., BORDONS, A. and
CONSTANTT, M., 2002: Inhibitory effect of sulfur
dioxide and other stress compounds in wine
on the ATPase activity of Oenococcus oeni. FEMS
Microbiology Letters, 211, 2: 155-159.

COSTA, A., BARATA, A., MALFEITO-FERREIRA,
M. and LOUREIRO, V., 2008: Evaluation of the
inhibitory effect of dimethyl dicarbonate (DMDC)
against wine microorganisms. Food Microbiology,
25:422-427.

DIVOL, B., MIOT-SERTIER, C and LONVAUD-
FUNEL, A., 2006: Genetic characterization of
strains of Saccharomyces cerevisiae responsible for
‘refermentation’ in Botrytis-affected wines. Journal
of Applied Microbiology, 100: 516-526.

EDER, R., 2011: Physiological fingerprint for
the quality of wine in Austria. Mitteilungen
Klosterneuburg, 143-146.

EDER, R., 2012: Testing of additional Applications
of DMDC in Winemaking (DMDC wine) Is the
cold preservative dimethyl dicarbonate (DMDC)
important for additional potential applications in
winemaking? Can the DMDC wines be produced
with a lower content of Whole sulfurous acid?
Mitteilungen Klosterneuburg, 62: 123-131.

GARBAY, S., ROZES, N. and LONVAUDFUNEL, A.,
1995: Fatty acid composition of Leuconostoc Oenos,
incidence of growth conditions and relationship
with malolactic efficiency. Food Microbiology, 12:
387-395.

GUILLOUX-BENATIER, M. LE FUR, Y. and
FEUILLAT, M., 1998: Influence of fatty acids on
the growth of wine microorganisms Saccharomyces
cerevisiae and Oenococcus oeni. Journal of Industrial
Microbiology and Biotechnology, 20: 144-149.

HERNANDEZ-ORTE, P, CERSOSIMO, M,
LOSCOS, N., CACHO, J., GARCIA-MORUNO,
E. and FERREIRA, V, 2009: Aroma development

from non-floral grape precursors by wine lactic
acid bacteria. Food Research International, 42:
773-781.

HOU, C. Y, LIN, Y. S.,, WANG, Y. T, JIANG, C.
M., LIN, K. T. and WU, M. C., 2008: Addition of
Phenolic Acids on the Reduction of Methanol
Content in Wine. Journal of Food Science, 73, 5:
C432-C437.

NEHME, N., MATHIEU, F. and TAILLANDIER, P,
2008: Quantitative study of interactions between
Saccharomyces cerevisiae and Oenococcus oeni strains.
Journal of Industrial Microbiology and Biotechnology,
35:685-693.

OUGH,C.S.,KUNKEE,R.E.,VILAS,M.R.,BORDEU,
E. and HUANG, M. C., 1988: The interaction of
sulfur dioxide, pH, and dimethyldicarbonate on
the growth of Saccharomyces cerevisiae Montrachet
and Leuconostoc Oenos MCW. American Journal of
Enology and Viticulture, 39: 279-282.

RODRIGUEZ-NOGALES, ]J. M., VILA-CRESPO,
J. and FERNANDEZ-FERNANDEZ, E., 2013:
Immobilization of Oenococcus oeni in lentikats
(R) to develop malolactic fermentation in wines.
Biotechnology Progress, 29: 60-65.

SACORRETA, 1. and VANUDEN, N, 1983:
Temperature profiles of ethanol tolerance - effect
of ethanol on the minimum and the maximum
temperatures for growth of the yeasts Saccharomyces
cerevisiae and Kluyveromyces fragilis. Biotechnology and
Bioengineering, 25: 1665-1667.

SACORREIA, 1, 1986: Synergistic effects of
ethanol, octanoic and decanoic acids on the
kinetics and activation parameters of thermal
death in Saccharomyces Bayanus. Biotechnology and
Bioengeneering, 28, 5: 761-763.

SON, H. S., HWANG, G. S., PARK, W. M., HONG,
Y. S. and LEE, C. H., 2009: Metabolomic
Characterization of Malolactic Fermentation and
Fermentative Behaviors of Wine Yeasts in Grape
Wine. Journal of Agricultural and Food Chemistry, 57:
4801-4809.

SWIEGERS, J. H.,, BARTOWSKY, E. J., HENSCHKE,
P. A. and PRETORIUS, 1. S, 2005: Yeast and
bacterial modulation of wine aroma and flavour.
Australian Journal of Grape and Wine Research, 11:
139-173.

UGLIANO, M., GENOVESE, A. and MOIO, L.,
2003: Hydrolysis of wine aroma precursors during
malolactic fermentation with four commercial
starter cultures of Oenococcus oeni. Journal of
Agriculture and Food Chemistry, 51: 5073-5078.

VIEGAS, C. A.and SACORREIA, I., 1991: Activation
of plasma membrane ATPase of Saccharomyces
cerevisiace by octanoic acid. Journal of General
Microbiology, 137: 645-651.



Effectiveness of Higher Fatty Acids C, C,,and C,,, Dimethyl Dicarbonate and Sulphur Dioxide for Inhibition ... 29

127

VIEGAS, C. A. and SACORREIA, 1., 1995: Toxicity ~VIEGAS, C. A. and SACORREIA, 1., 1997: Effects of

of octanoic acid in Saccharomyces cerevisiae at low temperatures (9-33 degrees C) and pH (3.3-
temperatures between 8.5 degrees C and 30 5.7) in the loss of Saccharomyces cerevisiae viability by
degrees C. Enzyme and Microbial Technology, 17: 826 combining lethal concentrations of ethanol with
831. octanoic and decanoic acids. International Journal of

Food Microbiology, 34: 267-277.

Contact information
Mojmir Baroii: mojmirbaron@seznam.cz




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /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 [612.000 792.000]
>> setpagedevice




