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Summary

The objective of this study was to determine the polyphenol content (total
phenols, flavonoids, nonflavonoids, anthocyanins) and antioxidant capacity in
selected fruits (apple, ‘Idared’; apricot, ‘Madjarska najbolja’; blueberry, ‘Bluecrop’;
mandarin, ‘Kuno’; orange, unknown; sour cherry, ‘Marasca’; strawberry, ‘Maya’
and peach, ‘Redhaven’) and vegetables (broccoli, ‘Belstar’ -flower and steam;
cauliflower, ‘Favola’; kale, ‘Melissa’ and leek-leaf and root -unknown) commonly
consumed in the Croatian diet. Total phenols, flavonoids and nonflavonoids were
measured calorimetrically by using the Folin-Ciocalteu reagent with gallic acid as
the standard; anthocyanins were determined using bisulphite bleaching method
using cyanidin-3-diglucoside as standard, whereas antioxidant capacity was
measured using DPPH method. The highest total polyphenols were observed in
sour cherry as 2560 mg GAE/kg fresh weight (FW), followed by blueberry, orange,
mandarin, strawberry, apple, apricot, and peach. Among vegetables the highest
concentration of total polyphenols was determined in kale (1039 mg GAE/kg FW)
followed by broccoli flower, broccoli steam, leek leaf, leek root and cauliflower.

In all investigated fruits, as well as vegetables, total flavonoids were predominant
polyphenols. Total nonflavonoids were present in low concentration especially

in leek leaf, broccoli flower and leek root. The highest antioxidant capacity

in fruit and vegetables was determined in samples with higher concentration

of flavonoids. In selected fruits, there was a distinct correlation between total
phenols or flavonoids and antioxidant capacity, while in vegetable the correlation
was not observed.
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Introduction

Numerous epidemiological studies indicate that diet rich
in phytochemicals and antioxidants execute a protective role
in health and disease. Furthermore, fruit and vegetable based
diet reduces the risk for development of chronic diseases,
such as cancer, coronary heart disease, obesity, diabetes etc.
(Arts et al., 2005; George et al., 2005). Phytochemicals are
bioactive compounds that have been associated in the protec-
tion of human health against chronic degenerative diseases.
Antioxidants are compounds that help delay and inhibit lipid
oxidation and when added to foods tend to minimize rancid-
ity, retard the formation of toxic oxidation products, help to
maintain the nutritional quality and increase their shelf life
(Fukumoto & Mazza, 2000). The major groups of biologically
active compounds that may contribute to the total antioxidant
capacity of plant foods include different group of polyphenols
(phenolic acids, coumarins, flavonoids, stilbenes, hydrolysa-
ble and condensed tannins, lignans and lignins), carotenoids
and vitamins. The total polyphenols and total anthocyanins
are good indicators of antioxidant capacity and studies have
reported a high correlation between antioxidant capacity
and total polyphenols (Simonetti et al., 1997; Pellegrini et al.,
2000). The phenolics in apple varieties are mostly hydroxy-
cinnamic acid derivatives, flavan-3-ols (monomeric and oli-
gomeric), flavonols and their conjugates, dihydrochalcones
and procyanidins (Guyot et al., 2001). Chlorogenic acid was
the major hydroxycinnamic acid identified in the apple fruit
accounting for up to 87 % of the total amount (Guyot et al.,
1998). Flavonoids identified in Citrus fruits cover over 60
types, according to the five classes mentioned flavones, fla-
vanones, flavonols, flavans and anthocyanins (the last only
in blood oranges) (Tripoli et al., 2007). Apricot and peach
contain a lot of different classes of polyphenols which can be
divided in phenolic acids and flavonoids (Bengoechea et al.,
1997; Dragovic-Uzelac et al., 2005, 2007). Several flavonols,
e.g. quercetin, kaempferol, myricetin, which are presented in
much kind of fruits, are powerful antioxidants. Antioxidant
capacity of red colored fruits (e.g., sour cherry, sweet cherry,
strawberry etc.) is influenced by the total anthocyanin con-
tents (Prior et al., 2000; Conner et al., 2002; Cordenunsi et al.,
2002; Simunié¢ et al., 2005; Kim et al., 2005). Phenolic acids
were the dominant polyphenols in some kind of vegetables,
whereas vegetable such as, onion, broccoli, kale, lettuce contain
also significant level of flavonoids, especially kaempferol and
quercetin (Cantos et al., 2001; Romani et al., 2003; Cieslik, et
al., 2006). Vinson et al. (1998, 2001) reported data on the total
polyphenol content of various fruits and vegetables, deter-
mined calorimetrically by the Folin-Ciocalteu reaction after
correction for ascorbic acid contribution. A food database on
flavonoids, a class of polyphenols, was recently published by
the USDA, based on the quality evaluation system reported
by Holden et al. (2005).

The aim of this study was to assess the amounts of total
polyhenols, flavonoids, anthocyanins, non-flavonoids and
total antioxidant capacity in edible part of fruit and vegeta-
bles purchased from Croatian (Zagreb) market. Furthermore,

the second aim was to study correlation between polyphe-
nols and antioxidant capacity of selected fruit and vegetables.

Material and methods

Samples. Samples of different commercially available fruits
and vegetables were either obtained from grocery stores or
market places in Zagreb. Sour cherry (cv. Marasca), blueberry
(cv. Bluecrop), apple (cv. Idared), apricot (cv. Madjarska na-
jbolja) and peach (cv. Redhaven) were pitted, whereas from
mandarin (cv Kuno) and orange (unknown) the skin was re-
moved. Flower and steam of broccoli (cv. Belstar) and leaf and
root of leek (cv. unknown)- were separated. From cauliflower
(cv. Favola) outer leaves were removed. Strawberry (cv. Maya)
and kale (cv. Melissa) were also used in this investigation.

Determination of polyphenols. Before extraction all fruits
or vegetables were chopped and homogenized in house blender
(Mixy, Zepter, International) and analytical determination
was carried out on a fruit or vegetable slurry. The slurries
were used to evaluate the total phenols (TP), flavonoids (TF)
and non-flavonoids (TNF), anthocyanins (TA) and antioxi-
dant capacity (TAC). Extracted TP were determined by the
Folin-Ciocalteu method (Singleton and Rossi, 1965). TF were
determined according to procedure described by Zhuang et
al. (1992). TNF were calculated as difference between TP and
TF. Concentration of TP, TF and TNF was expressed as mg
gallic acid equivalent (GAE)/kg fresh weight (FW) of edible
part of fruits. The total anthocyanin content in extract from
selected fruits was determined using bisulphite bleaching
method (Riberéau-Gayon & Stonestreet, 1965). Results were
expressed as mg cyanidin-3-glucoside equivalent (Cy-gE)/kg
FW of edible part of fruits.

Determination of antioxidant capacity. The antioxidant
capacity was determined using 2,2-diphenyl-1-picrylhydrazil
(DPPH) as a free radical (Brand-Williams et al., 1995). Results
were expressed as mmol Trolox equivalent (TE)/kg of FW of
edible part of fruits.

Results and discussion

The polyphenols content of some common fruits and veg-
etables obtained from the market in Zagreb, Croatia are shown
in Tables 1 and 2. The data demonstrate that these compounds
are widely distributed in the fruit and vegetables analyzed and
their quantities vary. According to Bravo (1998), the presence
of polyphenols in plant foods is greatly influenced by genetic
factors, environmental conditions, degree of ripeness, vari-
ety, etc. The concentration of total phenols (TP) in investi-
gated fruits ranged from 407 (peach) to 2560 (sour cherry)
mg GAE/kg FW, whereas in vegetables, TP ranged from 654
(cauliflower) to 1039 (kale) mg GAE/kg FW. Considering
this wide variation in the TP, the fruits and vegetables were
divided into three groups namely high (>2000 mg GAE/kg),
medium (1000-2000 mg GAE/kg) and low (<1000 mg GAE/
kg) phenolic content. Among all the fresh fruits and vegeta-
bles analyzed, colored fruits such as sour cherry and blueberry
had the significantly highest phenolic content (high phenolic
content group), followed by orange, mandarin, strawberry,
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Table 1. Polyphenols in selected fruits from Zagreb’s market

Kind of fruits Total phenols Total flavonoids Total nonflavonoids, Total anthocyanins
mg GAE/kg fw mg GAE/kg fw mg GAE/kg fw mg Cy-GE/kg fw

Orange 1278 £ 16 759 +£5 519+ 11

Mandarin 1161 +24 654 + 43 507 +19

Apple 567 + 18 388 +20 178 £20

Apricot 506 + 32 260 + 12 246 + 26

Peach 407 +29 209+ 11 197 21 -

Blueberry 2196 + 36 1717 £ 62 479 + 36 1694 + 102

Sour cherry 2560 + 109 1969 + 19 591 + 38 1927 £ 20

Strawberry 1127 £ 21 968 + 34 160 + 17 1171 £ 11

Data presented are means of two replicates + SE

Table 2. Polyphenols in selected vegetables from Zagreb’s market

Kind of vegetables Total phenols
mg GAE/kg FW
Broccoli flower 1031+ 75
steam 784 £ 75
Leek root 709 + 14
leaf 753 + 39
Kale 1039 £ 118
Cauliflower 654 + 52

Total flavonoids Total non-flavonoids

mg GAE/kg FW mg GAE/kg FW
983 + 55 47+13
372 +39 414 + 36
561 +£8 148 + 15
750 £ 4 3+x1
549 + 47 490 + 65
423 +39 231+39

Data presented are means of two replicates + SE

kale, broccoli flower, which were included in the medium
phenolic content group. Broccoli steam, leek root and leaf,
apple, apricot and peach represented the low phenolic content
group. The range of polyphenols concentration, in fruits and
vegetables investigated in this work are in accordance with
findings of other authors (Cieslik et al., 2006; Brat et al., 2006;
Pedisi¢ et al., 2007; Tripoli et al., 2007; Dragovi¢-Uzelac et
al., 2007a, 2007b; Giovanelli et al., 2009). Generally, in some
kind of fruits (sour cherry, blueberry, orange, mandarin,
and strawberry) the total phenols content was very high as
compared to the vegetables. Otherwise, in apple, apricot and
peach total phenols were lower compared to other investigat-
ed kind or part of vegetables. Furthermore, the polyphenols
contents found in investigated plant materials were different
compared to the values reported by other authors, especially
in apple, apricot and peach where all polyphenols were lower.
These differences may be due to multiple reasons including
genetic factors, different environmental conditions stage of
maturity, cultivar or varietals differences, growth stage, soil
fertilization and the part of the plant used, amongst other
factors that affect quantitative variation in these phytochemi-
cals (Herrman, 1976; Hertog et al., 1992; Crozier et al., 1997).

The total flavonoids (TF) contents of the fruit investigated
in this study varied from 209 (peach) to 1969 (sour cherry)
mg GAE/kg FW. Among investigated vegetables, broccoli
flower contain the highest content of TF (983 mg GAE/kg)
followed by leek-leaf and root, kale, cauliflower and broc-
coli steam. In fruits and vegetables, the TF content was pre-
dominant compared to non-flavonoids (TNF), especially in
colored fruits, broccoli flower and leek leaf. In broccoli the
amount of polyphenols was determined separately in flower
and steam, and in leek in root and leaf. Broccoli flower con-
tain remarkable content of total phenols, and predomi-

nant are flavonoids. Otherwise, steam contains significantly
lower content of total phenols compared to broccoli flower,
while flavonoids and non-flavonoids were presented in sim-
ilar amounts. The amount of TP in broccoli flower and leek
leaf is probably caused by the action of sunlight. According
to Herrman (1976) the concentration of flavonols (class of
flavonoids) in the leaves is many times higher than that in
other tissues of the same plants, probably due to the action of
sunlight. Investigations into several varieties of lettuce and
endives have showed that the flavonol concentration drops
markedly from the outer to the inner leaves. Furthermore,
seasonal variation in flavonol content was reported and the
flavonol contents of leafy vegetables were three to five times
higher in summer than in other seasons (Hertog et al., 1992).
Non-flavonoids were presented almost in lower concentration
in fruits except in apricot, which contained similar amount
of both, TF and TNF. Among the fruits and vegetables used,
only broccoli steam and kale contained similar amounts TF
and TNF; and only blueberry, sour cherry and strawberry,
contained anthocyanins (1693; 1927 and 1171 mg Cy-GE/kg,
respectively). Presented values are in accordance with findings
of other authors for same kind of fruits (Giovanelli & Buratti,
2009; Dragovi¢-Uzelac et al., 2007b; Pedisi¢ et al., 2007). In
general, in fruits and vegetables investigated, flavonoids were
predominant group of polyphenols.

Because it is well known that different kind of fruits and
vegetables have high antioxidant capacity, it was investigat-
ed, too. Total antioxidant capacity (TAC) of fresh fruits and
vegetables (Fig. 1) as determined by the DPPH radical sca-
venging method decreased in fruits in the following order:
sour cherry > blueberry > strawberry > orange > mandarin
> apple> apricot > peach; and by vegetables: broccoli flower
> kale > broccoli steam > cauliflower > leek root > leek leaf.
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Figure 1. Antioxidant capacity in selected fruit and
vegetables from Zagreb’s market, determined by DPPH method

Our findings are in accordance with findings of other aut-
hors (Dragovi¢-Uzelac et al., 2007b; Turkmen et al., 2005).
Among all investigated vegetables broccoli showed the hi-
ghest and leek the lowest antioxidant capacity, whereas anti-
oxidant capacity was higher in colored fruits. It could be due
to high amount of TP and TF and especially anthocyanins
which contributed to the AOC.

One of the objective of this investigation was to consider
the correlation between polyphenols and antioxidant capa-
city of analyzed fruits and vegetables extracts, as phenolic
compounds contribute directly to antioxidant capacity (Duh,
1999). The TAC as a function of TP, TF and TNF content is
shown in Fig. 2, respectively. In this study, there was a dis-
tinct correlation between TP, TF and TAC in selected fruits,
while between TNF and TAC the correlation was not obser-
ved. In the case of antioxidant capacity of fruits, measured
by DPPH method the correlation coefficients, calculated from
linear regression analysis were high for total phenolics (r =
0.96) and especially for total flavonoids (r = 0.98). By vegeta-
bles, the correlation was not observed between TP, TF, TNF
and TAC. Considering all vegetables with the exception of
leek-root and leaf, a correlation was found between both an-
tioxidant capacity and total phenols content (r = 0.81) and
antioxidant capacity and flavonoids content (r = 0.85). The
results obtained for leek-root and leaf indicate that the anti-
radical activity of this vegetable is particularly low, even they
contained relatively high amount of polyphenols.

Conclusion

This study indicated that selected fruits and vegetables
on the market in Zagreb, Croatia are rich sources of differ-
ent group of polyphenols and possess significant antioxidant
capacity. Predominat polyphenols in almost all investigated
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Figure 2. Correlation between total phenols, flavonoids and
non-flavonoids and antioxidant capacity in selected fruit and
vegetables from Zagreb’s market

plant materials were flavonoids and high correaltion coeffi-
cients indicated that flavonoids significantly cotribute to the
antioxidant capacity. The correlation coeflicients exhibited a
positive relationship between antioxidant capacity of all in-
vestigated fruits and contents of total phenols and flavanoids.
Presented results showed thad only some kind of vegetables
(broccoli, kale and cauliflower) contributed to the antioxi-
dant capacity. Obtained results indicated that the fruits and
vegetables evaluated may provide a potential source of di-
etary antioxidant and therefore their consumption should
be stimulated.

References

Arts, IC., Hollman, PC. (2005) Polyphenols and disease risk in
epidemiologic studies. American Journal of Clinical Nutrition.
81: 317S5-3258.

Bengoechea, M. L., Sancho, A. 1., Bartolome , B., Estrella,
1., Gomez-Cordoves, C., Hernandez, T. (1997) Phenolic
composition of industrially manufactured puree’s and
concentrates from peach and apple fruits. Journal of
Agricultural Food Chemistry, 45: 4071-4075.

acs

Agric. conspec. sci. Vol. 74 (2009) No. 3



Polyphenols and Antioxidant Capacity in Fruits and Vegetables Common in the Croatian Diet | 179

Brand-Williams, W., Cuvelier, M.E., Berset, C. (1995) Use of a free
radical method to evaluate antioxidant activity. Lebensmittel-
Wissenschaft und Technologie Food Science and Technology 28:
25-30.

Brat, P, George, S., Bellamy, A., Du Chaffaut, L., Scalbert, A,
Mennen, L., Arnault, N., Amiot, M.J. (2006) Daily Polyphenol
Intake in France from Fruit and Vegetablesl. The Journal of
Nutrition/Nutritional Epidemiology: 2368-2373.

Bravo, L. (1998) Polyphenols: chemistry, dietary sources,
metabolism and nutritional significance. Nutrition Reviews, 56:
317-333.

Cantos, E., Espin, J.C., Tomas-Barberan, F.A. (2001) Journal of
Agricultural and Food Chemistry 49: 322-330.

Cieslik, E., Greda, A., Adamus, W. (2006) Content of polyphenols
in fruit and vegetables. Food Chemistry 94: 135-142.

Conner, A.M., Luby, J.J., Hancock, J.Fberkheimer, S., Hanson,

E.J. (2002) Changes in fruit antioxidant activity among
blueberry cultivars during cold temperature storage. Journal of
Agricultural and Food Chemistry 50 (4): 893-898.

Cordenunsi, B.R., Nascimento, ]J.R.O., Genovese, M.I., Lajolo, F.M.
(2002) Influence of cultivar on quality parameters and chemical
composition of strawberry fruits grown in Brazil. Journal of
Agricultural and Food Chemistry 50: 2581-2586.

Crozier, A.; Lean, M. E. J.; McDonald, M. S.; Black, C. (1997)
Quantitative Analysis of the Flavonoid Content of Commercial
Tomatoes, Onions, Lettuce, and Celery. Journal of Agricultural
Food Chemistry 45(3): 590-595.

Dragovi¢-Uzelac, V., Pospidil, J., Levaj, B., Delonga, K (2005) The
study of phenolic profiles of raw apricots and their purees
by HPLC for the evaluation of apricot nectars and jams
authenticity. Food Chemistry 91 (2): 373-383

Dragovic-Uzelac, V., Levaj, B., MrKkic, V., Bursac, D., Boras,

M. (2007a) The content of polyphenols and carotenoids in
three apricot cultivars depending on stage of maturity and
geographical region. Food Chemisty. 102: 966-975.

Dragovi¢-Uzelac, V., Levaj, B., Bursa¢, D., Pedisi¢, S., Radoj¢i¢, 1.,
Bisko, A. (2007b) Total Phenolics and Antioxidant Capacity
Assays of Selected Fruits. Agric. Conspec. Sci., 72(4): 279-284.

Dubh, P.-D. (1999) Antioxidant activity of water extract of four
HarngJyur varieties in soyabean oil emulsion. Food Chemistry,
92: 491-497George,” S., Brat, P., Alter, P., Amiot, M-]J. (2005)
Rapid determination of polyphenols and vitamin C in plant
derived products. Journal of Agricultural Food Chemistry.
2005;53:1370-1373.

Fukumoto, L. R., Mazza, G. (2000) Assessing antioxidant
andprooxidant activities and phenolic compounds. Journal of
Agricultural and Food Chemistry, 48: 3597-3604.

Giovanelli, G., Buratti, S. (2009) Comparison of polyphenolic
composition and antioxidant activity of wild Italian blueberries
and some cultivated varieties Food Chemistry 112: 903-908.
(available on line)

Guyot, S., N. Marnet, D. Laraba, P. Sanoner and J. F. Drilleau.
(1998) Reversed-phase HPLC following thiolysis for quantitative
estimation and characterization of the four main classes of
phenolic compounds in different tissue zones of a French cider
apple variety (Malus domestica Var. Kermerrien). Journal of
Agricultural and Food Chemistry 46: 1698-1705.

Guyot, S., Marnet, N., Drilleau, J-F. (2001) Thiolysis-HPLC
Characterization of Apple Procyanidins Covering a Large Range
of Polymerization States. Journal of Agricultural and Food
Chemistry 49: 14-20.

Herrmann, K. (1976) Flavonol and flavones in food plants: a review.
Journal of Food Technology 11: 433-448.

Hertog, M. G. L. et al. (1992) Content of potentially
anticarcinogenic flavonol of 28 vegetables and 9 fruits
commonly in the Netherlands. Journal of Agricultural and Food
Chemistry 40: 2379-2383

Holden, J.M., Bhagwat, S.A., Beecher, G.R., Haytowitz, D.B,,
Gebhardt, S.E., Eldridge, A.L., Dwyer, J., Peterson, J. (2005)
Development of a Database of Critically Evaluated Flavonoids
Data: Application of USDA’s Data Quality Evaluation. Journal of
Food and Composition Analysis 18:829-84.

Kim, D.O., Heo, H.J., Kim, Y.J., Yang, H.S., Lee, C.Y. (2005) Sweet
and sour cherry phenolics and their protective effects on
neuronal cells. Journal of Agricultural and Food Chemistry 53:
9921-9927.

Pedisi¢, S., Levaj, B., Dragovi¢-Uzelac, V., Kos, K. (2007)
Physicochemical Composition, Phenolic Content and
Antioxidant Activity of Sour Cherry cv. Marasca During
Ripening, Agric. Conspec. Sci. 72(4):295-300

Pellegrini, N., Simonetti, P., Gardana, C., Brenna, O., Brighenti,

F., Pietta, P. (2000) Polyphenol content and total antioxidant
activity of Vini Novelli (young red wines). Journal of
Agricultural and Food Chemistry 48 (3): 732-735.

Prior, R. L., Cao, G. (2000) Antioxidant phytochemicals in fruits
and vegetables: diet and health implications. Horticultural
Science 35(4):588-592.

Prior, R. L., Cao, G., Martin, A., Sofic, E., McEwen, J., O’Brien, C.,
et al. (1998) Antioxidant capacity as influenced by total phenolic
and anthocyanin content, maturity, and variety of Vaccinium
species. Journal of Agricultural and Food Chemistry 46:
2686-2693.

Ribéreau-Gayon P., Stonestreet E. (1965) Le dosage des anthocianes
dans le vin rouge et détermination de leur structure. Bulletin de
la Societe Chimique de France. 9(419): 2649-2652.

Romani, A., Pinelli, P., Galardi, C., Corti, G., Agnelli, A., Vincieri,
F. F., et al. (2003) Flavonoids in leaves of black cabbage (Brassica
oleracea var. acephala DC. subvar. viridis cv. serotina) grown on
different soils and at different elevations. Italian Journal of Food
Science, 15: 197-205.

Simonetti, P., Piergiorgio, P., & Testolin, G. (1997) Polyphenol
content and total antioxidant potential of selected Italian wines.
Journal of Agricultural and Food Chemistry, 45(4): 1152-1155.

Singleton, V.L., Rossi, J.A. (1965) Colorimetry of total phenolics
with phosphomolibdic-phosphotungistic reagents. American
Journal of Enology and Viticulture 16: 144-158.

Simunié, V., Kovaé, S., Gado-Sokaé, D., Pfannhauser, W., Murkovié
M. (2005) Determination of anthocyanins in four Croatian
cultivars of sour cherries (Prunus cerasus). European Food
Research Technology 220: 575-578.

Tripoli, E., La Guardia, M., Giammanco, S., Di Majo, D.,
Giammanco, M. (2007) Citrus flavonoids: Molecular structure,
biological activity and nutritional properties: A review. Food
Chemistry 104: 466-479.

Turkmen, N., Sari, F., Velioglu, Y. (2005) The effect of cooking
methods on total phenolics and antioxidant activity of selected
green vegetables. Food Chemistry 93: 713-718.

Vinson, JA.., Hao, Y., Su, X., Zubik, L. (1998) Phenol antioxidant
quantity and quality in foods: vegetables. Journal of
Agricultural and Food Chemistry 46:3630-3634.

Vinson, J.A., Su, X., Zubik, L., Bose, P. (2001) Phenol antioxidant
quantity and quality in foods: fruits. Journal of Agricultural
and Food Chemistry 49:5315-5321.

Zhuang, X.P,, Lu Y.Y,, Yang G.S. (1992) Extraction and
determination of flavonoid in ginko. Chinese Herbal Medicine.
23:122-124.

acs74_29

acs

Agric. conspec. sci. Vol. 74 (2009) No. 3




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /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


