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Abstract
The blackberry wine is recognised as a natural source of many bioactive molecules and essential elements that play an important role in health
promotion and disease prevention. The wine is traditionally popular medicine for anemia and iron deficiency. The aim of this work was to evaluate
quality physical and chemical characteristics and concentration of macro elements Ca, K, Mg, Na, essential elements Cu, Fe, Mn, Zn, soil associated
elements Li, Rb, Sr and toxic elements Al, Co, Pb of selected 22 blackberry wines from different regions of Croatia. Basic quality characteristics of
all fruit wines were determined as follows: alcoholic strength (% vol), total sugars (g L-1), total extract (g L-1), ash (g L-1), pH, total acidity (g L-1, malic
acid) and volatile acidity (g L-1, acetic acid). The  results indicate that blackberry wines represent high quality beverage. For determination of elements,
fast and precise method of inductively coupled plasma optical emission spectrometry (ICP-OES) was used. Following elements were detected in
investigated blackberry wines in different amounts: macro elements Ca, K, Mg, Na (mg L-1), essential elements Cu, Fe, Mn, Zn (mg L-1), soil-
associated elements Li, Rb, Sr (µg L-1) and toxic elements Al, Co and Pb (µg L-1). It can be concluded that moderate consumption of blackberry wines
may contribute to daily dietary intake of essential elements and wines can be considered as health safe, because potentially toxic elements are kept
under allowable limits.
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Introduction
Blackberry (Rubus fruticosus L.) does not get enough credit when
it comes to its health benefits. Ancient civilisations prised
blackberries as a food and traditionally used them for medicinal
and health purposes as well. The ancient Greeks used blackberries
and their juice to treat gout and the Chinese used blackberries to
treat kidney and urinary problems 5. Blackberries were used in
Europe during the16th century as a medicinal plant to treat
infections of mouth and eyes 1. Blackberries are notable for their
health benefits based on high nutritional contents of dietary fiber,
vitamins, folic acid, the essential mineral manganese and other
bioactive compounds 2. Blackberry fruit contains high level of
anthocyanins and other phenolic compounds, mainly flavonols
and ellagitannins, which contribute to its high antioxidant potential
and other biological activities 3, 4. In sense of nutritional value,
daily consumption of blackberry wine in recommended quantities
(about 250 ml) can be a significant dietary source of essential
minerals and could improve health 5, 6. Influence of fermentation
process on aroma composition 7, phenolic, antioxidant capacity
and volatile compounds in blackberry wine 8 were studied. Not
only blackberries, but also their fruit wines rank highly for
antioxidant strength 9, particularly due to their high contents of
phenolic compounds, such as quercetin, gallic acid and
anthocyanins 10. Potent in vitro antioxidant and vasodilatory
effects of Croatian commercial blackberry wines that are roughly
comparable to those of red wines were confirmed 11. On the other
hand, several metals in wine and fruit wine, such as cadmium, lead
and arsenic, are toxic and harmful 26. There is not much available
data on mineral and heavy metal contents in blackberry wines.
Therefore, metal content in wine is regulated according to the

national legislation and the legislation of the European Union. As
the production of blackberry wine has been increasing in Croatia
for the last few years, the aim of this study was to determine the
content of macro elements Ca, K, Mg, Na, essential elements Cu,
Fe, Mn, Zn, soil associated elements Li, Rb, Sr and toxic elements
Al, Co, Pb in 22 blackberry fruit wines from different Continental
and Coastal sub-regions of the Republic of Croatia by ICP-OES
method.

Materials and Methods
Samples: In this study, 22 market ready blackberry wines from
Continental and Coastal region of Croatia were analysed. Ten
wines were in the category of fruit wine and twelve in the category
of dessert fruit wine 12. The vintage comprised the years 2011 and
2012.

Physical and chemical analysis: Alcoholic strength (% vol), total
sugars (g L-1), total extract (g L-1), ash (g L-1), pH, total acidity (g L-1

malic acid) and volatile acidity (g L-1 acetic acid) were determined
by methods described by International Organization of Vine and
Wine OIV 13.

Sample preparation for ICP-OES determination: Four  mL HNO3
60 % (Ultra-pure, 101518, Merck, Darmstadt, Germany) was added
to 50 mL of fruit wine sample. This solution was evaporated in a
water bath at 90-95°C to reduce the volume to approximately 30 mL,
in order to remove ethanol and therefore, minimise matrix
interferences during analysis and diminish plasma instability,
caused by introduction of organics into the plasma. The sample
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residue was quantitatively transferred to volumetric flask and
volume was set to 50 mL with 2% nitric acid 14.

Blanks and standards: HNO3 ( 2%) solution was prepared from
60% HNO3 and ultra-pure water 18 MΩ/cm (obtained from Easy
pure RF, Barnstead, Dubuque, IA, USA), which was used as blank.
Standard solutions containing 2% HNO3 were prepared with
appropriate dilutions to cover the concentration range of each
element in the wines. Standard solutions of Al (13-119), Co (14-
10), Cu  (13-145), Fe (14-17), Mn (13-146), Mg (13-119), Pb (14-18),
Zn (14-47), Li (15-31), Sr (14-90), Rb (14-134), K (14-102), Ca (14-37)
and Na (14-44) were PerkinElmer (Shelton, USA).

ICP-OES method: The validation parameters of method used for
determination of 14 elements is fully described 15 and samples
were analysed using a direct calibration curve.

Instrumentation: Multi-element determinations were carried out
with Perkin-Elmer Optima 2000 DV instrument equipped with a
Meinhard spray chamber, nebulizer and peristaltic sample delivery
system. The instrument was controlled by the ICP WinLab 1.35
Perkin Elmer software. The operating conditions and the
wavelength used for the analysis of each element are given in
Table 1. The flow conditions for plasma gas, auxiliary gas and
nebulizer gas were 15.0, 0.2 and 0.8 L/min, respectively. Power was
set at 1300 W.

Results and Discussion
The quality physico-chemical characteristics of investigated
blackberry wines are presented in Table 2.  The alcoholic strength
for all wines varied between 10.5 and 15.6% vol, which corresponds
to the range published for other Croatian blackberry wines 6, 11.

Values of alcoholic strength were in accordance with the Croatian
Regulation on fruit wine 12, where the fruit wine is defined as a
food product produced by fermentation of fruit juice or must with
a minimum of 1.2% by volume alcoholic strength and dessert fruit
wine is allowed to have addition of sugar or alcohol of fruit origin,
to extent the actual alcoholic strength from 13% vol to 22.0% by
volume for total alcoholic strength.

The content of total sugars in all wines varied between 19.1 and
146.2 g L-1 that was within range published for other Croatian
blackberry wines 16. The content of total extract for all wines ranged
from 44.3 to 174.9 g L-1 while the content of ash ranged from 1.6 to
4.7 g L-1. The pH values for all wines varied between 3.11 and 3.99.
The range of pH values published for the blackberry wines
produced in Croatia is 3.11-3.56 with an average of 3.33 5. The pH
values of Croatian blackberry wines obtained by fermentation
using commercial yeasts (Fermol Rouge and Fermol Mediterranee)
were 3.34 and 3.33 17, respectively, which are the same as published
values 16. The total acidity expressed as g L-1 of malic acid for all
wines varied between 8.0 and 16. Published data of Croatian
blackberry wines total acids 6 ranged from 6.0 to 16.2 g L-1 and
were within the range obtained in this study. The volatile acidity
expressed as g L-1 acetic acid for all wines varied between 0.3 and
1.5 g L-1. Croatian Regulation on fruit wines 12 has a  requirement
that fruit wines can contain maximum of 1.5 g L-1 volatile acidity,
meaning that wines submitted to this study had about two times
lower volatile acidity.

Metals are unique nutrients because of their important role in
metabolism. They are essential part of many important enzymes
and they also play roles as catalysts and antioxidants. The majority
of literature data refers to K, Na, Ca and Mg as major elements of
wine and fruit wine. As expected, in this study K was the most
predominant element present in blackberry wines at an average of
1250 mg L-1 (Table 3).

Potassium is known to play an important role in the regulation
of osmotic pressure and neuromuscular, enzymatic, hormonal and
other metabolic activity 18. The concentration of K varied over the
range from 615 to 1760 mg L-1, which is rather wider than range 924
to 1507 mg L-1 published in the earlier study 6. All considered
samples contain a high amount of Ca and Mg, but little quantities
of Na. The concentration of Ca varied from 115 to 555 mg L-1 and
was higher than range from 86.4 to 457.1 mg L-1 obtained in the
earlier study 6. Magnesium is an important element, because it is
essential for many biosynthetic processes, as well as nucleic acid
and protein metabolism. Together with Ca, Mg is known to be
associated with the regulation of heart muscles 19. The
concentration of Mg in blackberry wines ranged from 77 to 238
mg L-1 that was much narrower  than published 6 range from 183.2
to 381.2 mg L-1. Furthermore,  detected Na concentrations varied
from 3.0 to 13.5 mg L-1. Those concentrations were much lower

Table 1. Operating conditions and wavelengths used
for quantification of each element by ICP
OES method.

Element Wave length (nm) Plasma view 

Al 396.153 Axial 

Ca 317.933 Radial 

Co 228.616 Axial 

Cu 327.393 Axial 

Fe 238.204 Axial 

K 766.490 Radial 

Li 670.784 Axial 

Mg 285.213 Radial 

Mn 257.610 Axial 

Na 589.592 Radial 

Pb 220.353 Axial 

Zn 206.200 Axial 

Rb 780.023 Axial 

Sr 407.771 Axial 

Physico-chemical parameter 
Fruit wine Dessert fruit wine All wines 

Mean±SD Min Max Mean±SD Min Max Mean±SD Min Max 
Alcoholic strength (% vol) 12.6±0.9 10.5 13.9 14.1±0.9 13.0 15.6 13.4±1.2 10.5 15.6 
Total sugars (g L-1) 97.8±34.9 44.3 146.2 78.9±41.8 19.1 140.3 87.1±39.3 19.1 146.2 
Total extract (g L-1) 134.9±44.2 75.8 174.9 112.4±37.2 44.3 175.0 122.2±41.2 44.3 174.9 
Ash (g L-1) 3.4±0.6 2.5 4.7 3.0±0.6 1.6 4.6 3.2±0.6 1.6 4.7 
pH value 3.37±0.22 3.18 3.62 3.42±0.11 3.11 3.99 3.40±0.18 3.11 3.99 
Total acidity (g L-1 malic acid) 11.7±1.8 10.0 13.6 11.3±1.1 8.0 16.0 11.4±1.51 8.0 16.0 
Volatile acidity (g L-1 acetic acid) 0.8±0.3 0.5 1.4 0.8±0.2 0.3 1.5 0.8±0.3 0.3 1.5 

Table 2. Quality physico-chemical characteristics of fruit wines (n=10), dessert fruit wines (n =12) and all wines (n=22).
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than range from 11.81 to 120.10 mg L-1 obtained for blackberry
wines originated from three different Croatian regions Slavonija,
Prigorje-Bilogora and Zagorje-Medimurje 6. Sodium is required in
human body for the regulation of osmotic pressure and the acid-
base balance.

Moreover, as it can be seen in Table 4, detected concentrations
of essential elements Cu, Fe, Mn and Zn in blackberry wines were
0.051-3.83 mg L-1, 0.093-5.49 mg L-1, 0.472-11.3 mg L-1  and 0.304-
1.96 mg L-1, respectively.

Copper and iron are essential in blood formation and copper is
involved in normal carbohydrate and lipid metabolism. Copper
acts as a cofactor of enzymes involved in various metabolic
processes within living cells 20. Reported range 6 of copper 0.058-
0.767 mg L-1 was much narrower than results of this study, while
concentrations of iron ranged from 0.082 to 6.273 mg L-1 and Mn
from 1.47 to 11.53 mg L-1 and they were very close to the values
obtained in this study. Zinc is an important microelement, because
it acts as a cofactor of enzymes involved in metabolic reactions.
The published data 21 of Zn concentration that ranged from 0.557
to 3.569 mg L-1 were much higher in comparison to our results.

The concentration of three elements that are soil-associated
elements, Li, Rb and Sr in investigated blackberry wines were  1-
40, 90-1470 and 165-1445 µg L-1, respectively (Table 5).

Red wines from the Province of Chieti and the Province of
Teramo 22 had Rb concentrations of 1815.36  and 1599.7 µg L-1 ,
respectively, that are much higher than those obtained for
blackberry wines. At the same time, concentration of Sr in red

wines varied from 395.58 in the Province of Chieti to 458.36 µg L-1 in
the Province of Teramo 22 and were close to the concentration
obtained for investigated blackberry wines (439 µg L-1). The
concentration of Sr for red wines from two wine producing Spanish
regions (“Ribera del Guardiana” and “Méntrida”) 23 were 379 and
981 µg L-1. The concentration of Sr of blackberry wines was closer
to that for red wines from region “Ribera del Guardiana”. The
concentrations of Li in red wines from two regions 23 were 48 and
69 µg L-1, which is much higher than concentration of 21 µg L-1 in
blackberry wines.

In general, the toxic effects of aluminium result from its
competition with other metal ions in enzymes and proteins. As the
aluminium ion substitutes the metal at its binding site, the function
of the protein is changed and the metabolism of the cell is altered,
consequently affecting the organism gravely 24. The concentration
of toxic elements Al, Co and Pb in the investigated blackberry
wines were 37-1110, 2-40 µg L-1 (six samples had concentration
below the detection limit of the method) and 17-154 µg L-1,
respectively (Table 6). The concentration of Al found in the
previous study 25 ranged from 6.01 to15.73 mg L-1 , much higher
than concentration obtained in this study. Concentration of Co
varied from 1.29-4.43 µg L-1, which is far below concentration found
in this study and concentration of Pb varied from 13.56 to 52.81 µg
L-1, where maximum value was three times higher than
concentration obtained in this study. It should be noted that
concentration of Pb was below the internationally established
maximum allowed values.

Table 3. Concentrations of macro elements Ca, K, Mg and Na in blackberry fruit wines (n=10),
dessert fruit wines (n=12) and all wines (n=22).

Element 

(mg L-1) 

Fruit wine Dessert fruit wine All wines 

Mean±SD Min Max Mean±SD Min Max Mean±SD Min Max 

Ca 134±19 115 171 155±129 51 555 146±95 115 555 

K 1333±238 955 1760 1181±269 615 1585 1250±261 615 1760 

Mg 164±24 122 207 148±41 77 238 156±35 77 238 

Na 9.8±2.3 6.1 13.3 8.8±7.0 3.0 13.5 9.23±5.3 3.0 13.5 

Table 4. Concentrations of essential elements Cu, Fe, Mn and Zn in blackberry fruit wines (n=10), dessert
fruit wines (n=12) and all wines (n=22).

Element 

(mg L-1) 

Fruit wine Dessert fruit wine All wines 

Mean±SD Min Max Mean±SD Min Max Mean±SD Min Max 

Cu 0.655±1.127 0.076 3.83 0.254±0.155 0.051 0.53 0.436±0.774 0.051 3.83 

Fe 1.839±1.412 0.731 5.49 1.058±0.628 0.093 2.22 1.413±1.104 0.093 5.49 

Mn 5.748±3.069 1.12 10.56 4.362±3.483 0.472 11.3 4.992±3.299 0.472 11.3 

Zn 0.944±0.425 0.304 1.96 0.831±0.375 0.360 1.74 0.882±0.393 0.304 1.96 

Table 5. Concentrations of Li, Rb and Sr in blackberry fruit wines (n=10), dessert fruit wines (n=12) and all
wines (n=22).

Element 

(µg L-1) 

 Fruit wine  Dessert fruit wine All wines 

Mean±SD Min Max Mean±SD Min Max Mean±SD Min Max 

Li 26±18 2 40 18±15 1 40 21±16 1 40 

Rb 414±173 90 716 631±415 160 1470 532±340 90 1470 

Sr 385±114 240 576 483±345  165 1445 439±266 165 1445 

Table 6. Concentrations of toxic elements Al, Co and Pb in blackberry fruit wines (n=10), dessert fruit wines
(n=12) and all wines (n=22).

Element 

(µg L-1) 

Fruit wine Dessert fruit wine All wines 

Mean±SD Min Max Mean±SD Min Max Mean±SD Min Max 

Al 290±138 136 490 297±290 37 1110 294±229 37 1110 

Co 13±9  4 30 14±11 2 40 14±11 2 40 

Pb 50±20   30 100 61±43 17 154 56±34 17 54 
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Conclusions
The selected quality physical and chemical characteristics indicate
that blackberry wines were in accordance with the Croatian fruit
wine legislation. Therefore, they represent high quality beverage.
The concentration of most of the investigated elements is different
among blackberry wines. Results of Cu, Fe, Mn and Zn, the most
important essential elements, lead to the conclusion that blackberry
wines can be considered as good source of these elements. The
concentrations of toxic elements, such as Co and Pb, did not
exceed the limits given by the Croatian regulations, which leads
to the conclusion that organic and mineral fertilizers, inorganic
pesticides and other means of blackberry growing and winemaking
practice are safe. All these parameters suggest that Croatian
blackberry wine is safer than the wines mentioned above. One
explanation might be the absence of environment pollutants, such
as heavy industry and automobiles exhaust gases around orchard
where blackberry was grown. It can be concluded that moderate
consumption of blackberry wines may contribute to daily dietary
intake of essential elements and blackberry wines can be
considered as health safe, because potentially toxic elements are
under allowable limits.

                                      Acknowledgements
The authors would like to thank to the producers for the support
of this study.

References
1Dai, J., Patel, J. D. and Mumper, R. J. 2007. Characterization of

blackberry extract and its antiproliferative and anti-inflammatory
properties. J. Med. Food 10(2):258-265.

2Sariburun, E., Sahin, S., Demir, C., Türkben, C. and Uylaşer, V. 2010.
Phenolic content and antioxidant activity of raspberry and blackberry
cultivars. J. Food Sci. 75(4):C328-C335.

3Kaume, L., Howard, R. L. and Devareddy, L. 2012. The blackberry
fruit: A review on its composition and chemistry, metabolism and
bioavailability and health benefits. J. Agric. Food Chem. 60(23):5716-
5727.

4Arozarena, Í., Ortiz, J., Hermosín-Gutiérrez, I., Urretavizcaya, I.,
Salvatierra, S., Córdova, I., Remedios Marín-Arroyo, M., José Noriega,
M. and Navarro, M. 2012. Color ellagitannins, anthocyanins, and
antioxidant activity of Andean blackberry (Rubus glaucus Benth.)
wines. J. Agric. Food Chem. 60:7463-7473.

5Amidžić, D. 2011. Utjecaj ekološkog uzgoja kupine na udio nutritivnih
i biološki aktivnih sastavnica kupinovog vina (The influence of
organically grown fruit on the nutritional and biologically active
components of blackberry wine). Dissertation, Faculty of Pharmacy
and Biochemistry, University of Zagreb, 170 p. (in Croatian).

6Amidžić Klarić, D., Klarić, I., Velić, D. and Vedrina Dragojevoić, I.
2011a. Evaluation of mineral and heavy metal contents in Croatian
blackberry wines. Czech J. Food Sci. 29(3):260-267.

7Wang, Y., Li, P., Kumar Singh, N., Shan, T., Hu, H., Li, Z. and Zhou, Y.
2012. Changes in aroma composition of blackberry wine during
fermentation process. Afr. J. Biotechnol. 11(99):16504-16511.

8Gao, J., Xi, Z., Zhang, J., Guo, Z., Chen, T., Fang, Y., Meng, J., Zhang,
A., Li, Y. and Liu, J. 2012. Influence of fermentation method on
phenolics, antioxidant capacity, and volatiles in blackberry wines. Anal.
Lett. 45(17):2603-2622.

9Johnson, M. H. and Gonzalez de Mejia, E. 2012. Comparison of chemical
composition and antioxidant capacity of commercially available
blueberry wines in Illinois. J. Food Sci. 77(1/2):C141-C148.

10Hager, T. J., Howard, L. R., Liyanage, R., Lay, J. O. and Prior, R. L.
2008. Ellegitannin composition of blackberry as determined by HPLC-
ESI-MS and MALDI-TOF-MS. J. Agric. Food Chem. 56(3):661-669.

11Mudnic, I., Budimir, D., Modun, D., Gunjaca, G., Generalic, I., Skroza,
D., Katalinic, V., Ljubenkov, I. and Boban, M. 2012. Antioxidant and
vasodilatory effects of blackberry and grape wines. J. Med. Food
15(3):315-321.

12NN/73. Narodne novine 2006. Regulation on fruit wines. Official
Gazette No. 73, The Republic of Croatia.

13Compendium of International Methods of Wine and Must Analysis
2013.  Vol.1. International Organization of Vine and Wine, Paris.

14Bukovčan, R. 2007. Implementation of Inductively Coupled Plasma-
Optical Emission Spectrometry (ICP-OES) Method for Macro- and
Microelements Determination in Croatian Wines. Master thesis,
Faculty of Food Technology and Biotechnology, University of Zagreb,
132 p.

15Bukovčan, R., Kubanović, V., Gašparec-Skočić, L. and Banović, M.
2008. Validation of ICP-OEC method for wine macro and microelements
determination. In Ćurić, D. (ed.). Proceedings of the Joint Central
European Congress: 4th Central European Congress on Food and 6th

Congress of Food Technologists, Biotechnologists and Nutritionists.
Croatian Chamber of Economy editions, Zagreb 2:169-174.

16Amidžić Klarić, D., Klarić, I., Velić, D. and Vedrina Dragojević, I. 2010b.
Physicochemical characteristics of the Croatian blackberry wine. In
Šuburić, D. (ed.). Book of Abstracts of the International Scientific and
Professional Conference 13th Ružička days “Today science-tomorrow
industry”. Faculty of Food Technology editions, Osijek, pp. 46-46.

17Petravić-Tominac, V., Mesihović, A., Mujadžić, S., Lisičar, J., Oros,
D., Velić, D., Velić, N., Srečec, S., Zechner-Krpan, V. and Petrović, Z.
2013. Production of blackberry wine by micro fermentation using
commercial yeasts Fermol Rouge and Fermol Mediterranee. Agric.
Conspec. Sci. 78(1):49-55.

18Heaney, R. P. 2000. Calcium, dairy products, and osteoporosis. J. Am.
Coll. Nutr. 19(2):83S-99S.

19Gropper, S. S., Smith, J. L. and Groff, J. L. 2009. Advanced Nutrition
and Human Metabolism. 5th edn. Wadsworth, Cengage Learning,
Belmont, CA, pp. 443-450.

20Arredondo, M. M. and Núñez, T. 2005. Review: Iron and copper
metabolism. Mol. Aspects Med. 26:313-327.

21Amidžić Klarić, D., Klarić, I., Velić, D. and Vedrina Dragojević, I. 2010.
Blackberry wine as a good source of essential mineral nutrients. In
Šubarić, D. (ed.). Book of Abstracts of the International Scientific and
Professional Conference 13th Ružička Days “Today Science-Tomorrow
Industry”. Faculty of Food Technology Editions, Osijek, pp. 45-45.

22Cichelli, A. 2013. ICP-MS analysis for the characterization of the origins
of wines. Agro. Food Industries 24(1):30-34.

23García-Rodríguez, G., Hernández-Moreno, D., Soler, F. and Pérez-
López, L. 2011. Characterization of “Ribera del Guadiana” and
“Méntrida” Spanish red wines by chemometric techniques based on
their mineral contents. J. Food Nutr. Res. 50(1):41-49.

24Exley, C. and Birchall, D. 1992. The cellular toxicity of aluminium. J.
Theor. Biol. 159(1):83-98.

25Amidžić Klarić, D., Klarić, I., Velić, D. and Vedrina-Dragojević, I. 2010.
Determination of trace elements content in blackberry wines by graphite
furnace atomic absorption spectrometry. In Zorc, B. (ed.). Knjiga
sažetaka 4. hrvatski kongres farmacije s meğunarodnim sudjelovanjem,
Zagreb. Hrvatsko farmaceutsko društvo, 199 p.

26 Naughton, D. P. and Petroczi, A. 2008. Heavy metal ions in wines:
Meta-analysis of target hazard quotients reveals health risks. Chemistry
Central Journal 2:22.



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


