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Abstract The physicochemical properties of seed and

seed oil obtained from the native black mulberry (Morus

nigra L.) were investigated in 2008 and 2009. The results

showed that the seed consisted of 27.5–33% crude oil,

20.2–22.5% crude protein, 3.5–6% ash, 42.4–46.6% carbo-

hydrate and 112.2–152.0 mg total phenolics/100 g. Twenty

different fatty acids were determined, with the percentages

varying from 0.02% myristic acid (C14:0) to 78.7% linoleic

acid (C18:2). According to the GC analysis of fatty acid

methyl esters, linoleic acid (C18:2), followed by palmitic

acid (C16:0), oleic acid (C18:1) and stearic acid (C18:0)

were the major fatty acids, which together comprised

approximately 97% of the total identified fatty acids. High

C18:2 content (average 73.7%) proved that the black mul-

berry seed oil is a good source of the essential fatty acid,

linoleic acid. Linolenic acid (C18:3) was also found in a

relatively lower amount (0.3–0.5%). The a-tocopherol

content was found to be between 0.17 and 0.20 mg in 100 g

seed oil. The main sterols in the mulberry seed oil were

b-sitosterol, D5-avenasterol, D5, 23-stigmastadienol, cle-

rosterol, sitosterol and D5, 24-stigmastadienol. The present

study stated that the native black mulberry seed oil can be

used as a nutritional dietary substance and has great usage

potential.

Keywords Fatty acid composition � Morus nigra L. �
Mulberry seed oil � Physicochemical properties

Introduction

Dietary antioxidants are important components because

they protect against free radicals, such as reactive oxygen

species in the human body. Free radicals are known to be

the major contributors to degenerative diseases of aging

and are recognized as major factors causing cancer, car-

diovascular disorders and diabetes [1].

In the last few decades, natural fruits, fruit extracts and

seeds have received much attention as sources of bioactive

substances such as antioxidants, antimutagens and anti-

carcinogens [2–7]. A large quantity of oils and fats, whe-

ther for human consumption or for industrial purposes, is

presently derived from plant sources [8]. Seed oils are the

main source of dietary ingredients related to their fatty acid

composition and tocopherol content [9]. Recently, cold-

pressed edible seed oils, including black caraway, carrot,

hemp, and cranberry seed oils, have become commercially

available [10]. The seed oils from different plants are

specially taking into consideration because of their mono-

and polyunsaturated fatty acid content, especially for the

existence of linoleic acid and linolenic acid. Linoleic acid,

an ‘‘essential fatty acid’’, cannot be produced by the human

body and is accepted as being an anticarcinogenic sub-

stance. Deficiency symptoms include dry hair, hair loss and

poor wound healing [11]. From this point of view, mul-

berry seed oil, very rich in linoleic acid, may be a valuable

source of dietary fat. Mulberry seed oil was rather poor in

linolenic acid. Low levels of linolenic acid are desired in

edible oils, because high levels of this fatty acid can cause

unfavorable odor and taste in oil. Additionally, since
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linolenic acid is simply oxidized due to having three double

bonds on its hydrocarbon chain, the stability or shelf-life of

an oil rich in linolenic acid would be too short. Because of

its low quantities of linolenic acid, mulberry seed oil also

has advantages in terms of human health and the shelf-life

of the oil [12].

Mulberry (Morus L.) belongs to the family Moraceae

and 3 species; M. alba L. (white mulberry), M. nigra L.

(black mulberry) and M. rubra L. (red mulberry) are

commonly cultivated for fruit production in Turkey [11,

13] as black mulberries are widespread in Anatolia. Cul-

tivation of the mulberry in Turkey has been carried out for

more than 400 years. Ninety five percent of mulberry trees

in Turkey are white, 3% are red and 2% are black mul-

berries [14]. Mulberry fruits have been used for the pro-

duction of some traditional Turkish food products

(mulberry pekmez, mulberry pestil, mulberry kome),

marmalades, juices, liquors and natural dyes [15].

Different researchers investigated certain properties of

whole mulberry fruit, mulberry fruit extract and mulberry

leaves. Ercisli and Orhan [11] investigated some physico-

chemical characteristics of black mulberry and determined

the phenolic content (1,943–2,237 mg gallic acid equiva-

lents/100 g fresh mass), vitamin C (14.9–18.7 mg/100 mL),

antioxidant activity (63–76%) and malic acid content

(123–218 mg/g). In another study where the chemical

compositions of white, red and black mulberries were

compared, it was stated that the highest total phenolic and

flavonoid contents were observed in black mulberry [15].

Arabshahi-Delouee and Urooj [16] studied antioxidant

properties of various solvent extracts of mulberry leaves and

stated that the methanolic extract, with the highest amount of

total phenolics, was the most potent antioxidant in all the

assays used. However, to our knowledge, there are few

reports on the mulberry seeds and mulberry seed oil [17–19],

and this is the first study on the certain physicochemical

properties and fatty acid composition of black mulberry seed

oil. Therefore, the aim of the present study was to investigate

some physicochemical properties and the fatty acid com-

position of black mulberry seed oil.

Materials and Methods

Obtaining and Preservation of Raw Material

Fresh black mulberry fruits (M. nigra L.) of five different

trees were obtained from Pınarhisar, a town (latitude 41o370

N, longitude 27o310 E and altitude 193 m) on the south side

of the Istranca Mountain Range, in Turkey, in the 2008 and

2009 January–July growing periods. According to the

conditions of the region, the trees were known to be free

of pesticides and had a high fruit yield. All berries were

picked at the commercially ripe stage and selected

according to uniformity of shape and color. The fruits were

harvested by hand and transferred to the laboratory under

refrigerated conditions (4 ± 1 �C) for 2 h. Seeds were

separated from the fruits immediately, dried at 50 �C in

vacuum conditions and stored for further analysis per-

formed on the same day.

Determination of Some Physicochemical Properties

of Black Mulberry Seeds and Seed Oils

A digital balance with a sensitivity of 0.0001 g was used to

determine the 1,000-grain weight of the mulberry seeds.

Oil extraction from the seeds was carried out by hexane

extraction under the operating conditions specified in IU-

PAC method no. 1.121 [20]. Dried seeds were ground into

fine powder using a laboratory mill.

For solvent extraction, 15 g of ground seeds were placed

in cellulose paper cones and extracted using hexane in a

Soxhlet extractor for 8 h [21]. The oil was then recovered

by evaporating off the solvent using a rotary evaporator

and the residual solvent was removed by drying in a vac-

uum oven at 60 �C [22]. The total oil contents of the

samples are expressed as a percentage by mass of the

sample. Protein and ash content of the samples was

determined according to the AOAC methods 920.87 and

940.26, respectively [23]. The nitrogen conversion factor

for crude protein calculation was 6.25. The percentage of

the total carbohydrate was calculated by difference. The

amount of total phenolics in the mulberry seeds was

determined according to the Folin-Ciocalteu procedure

[24]. Methanolic extracts of the samples (300 lL) were

introduced into test tubes; 1.5 mL of Folin-Ciocalteu’s

reagent (diluted 1:10 v/v with water) and 1.2 mL of sodium

carbonate (7.5%) were added. The tubes were mixed and

allowed to stand for 90 min and absorbance values were

measured using a spectrophotometer at 765 nm. The total

phenolic content was expressed as mg gallic acid equiva-

lents (GAE) per gram dry material.

Moisture content, free fatty acid content, peroxide value

and refraction index of oil samples were determined in

accordance to the IUPAC methods 1.122, 2.201, 2.102 and

2.501, respectively [20]. Specific weights of the oil samples

were determined according to AOAC [23].

Fatty Acid Analysis

Fatty acid methyl esters (FAME) were prepared from the

mulberry seed oils after alkaline hydrolysis, followed by

methylation in methanol plus BF3 (14% boron trifluoride).

The final concentration of the FAME was approximately

7 mg/mL in heptane [23]. Analyses of the FAME by cap-

illary GLC were carried out on a Hewlett-Packard 6,890
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chromatograph, equipped with a flame ionization detector

(FID) on a split injector. A fused-silica capillary column

was used, CPTM-Sil 88, 50 m 9 0.25 mm i.d., 0.2 lm film;

Chrompack. The column was operated isothermally at

177 �C and injector and detector were kept at 250 �C. The

carrier gas was helium at a flow rate of 1 mL/min.

The fatty acid methyl esters peaks were identified by

comparing their retention times with individual standard

FAMEs, approximately 99% pure (Supelco, USA) and

analyzed using Total Chrom Workstation Software. The

relative percentage of the fatty acid was calculated on the

basis of the peak area of a fatty acid species to the total

peak area of all the fatty acids in the oil sample.

a-Tocopherol Analysis

Tocopherol analysis was performed by HPLC under iso-

cratic conditions [25]. All solvents used were HPLC grade;

all other reagents were analytical grade. Extracts (25 ll)

were chromatographed on a 5-lm silica column (250 9

4.6 mm) using a mobile phase of ethyl acetate/acetic

acid/hexane in a ratio of 1:1:198 (v/v/v). The flow rate

was set at 1.5 mL min-1 and a fluorescence detector was

used with the excitation and emission wavelengths at 290

and 330 nm, respectively. A calibration curve was gener-

ated using standard a-tocopherol (Sigma–Aldrich; 0 to

10 lg mL-1; R2 = 0.999) and identification was per-

formed by retention time comparison with the standard.

Sterol Analysis

Oil (500 mg) was saponified with 25 mL methanolic

potassium hydroxide (2 M) by boiling on a water bath for

1 h and the saponifiables were then extracted three times

with hexane after water was added to the saponification

mixture. Dry sodium sulfate (Na2SO4) was added and

allowed to stand for 1 h. Samples (500 ll) was mixed with

100 ll of BSTFA (Bis(trimethylsilyl)trifluoroacetamide)/

TMSCI (Trimethyl Chlorosilan) (4:1, v:v) mixture [26], and

the sterols were silylated. 0.8 ll of the samples were ana-

lyzed on GC equipped with a CP-SİL 24 CB column

(60 m 9 0.32 mm 9 1.00 lm). The temperature program

was: 50 �C for (2 min); 60 �C min-1 ramp to 245 �C (1 min

hold) and 3 �C min-1 ramp to 275 �C and then allowed to

stand at this temperature for 35 min. Helium was the carrier

gas with a flow rate of 0.8 mL min-1. The injector and

detector temperatures were set at 280 and 300 �C, respec-

tively, and the samples were injected in a split mode (1:25).

Statistical Analysis

Each value is a mean of three replications. Values of dif-

ferent parameters were expressed as the mean ± standard

deviation (means ± S.D.). The discussion is based on the

one-way analysis of variance (ANOVA; p \ 0.05). All

statistical analyses were performed using the SPSS of the

Windows Statistical Package (Release 8.0).

Results and Discussion

Physicochemical Properties of Mulberry Seeds

All results were calculated on a dry basis and are reported

in Table 1. Physicochemical properties did not vary sig-

nificantly (p [ 0.05) between the different years. The

results showed that the seeds contained 27.5–33.0% crude

oil, 20.2–22.5% crude protein, 3.5–6.0% ash and

42.4–46.6% carbohydrate (by difference). According to

Jiel et al. [18], mulberry seeds yielded 29.3% oil whereas

Xiaolan et al. [19] reported a 30.7% oil yield for white

mulberry seeds. While our results are in accordance with

the previous reports on mulberry seeds, variations in oil

yield and oil content may be due to the differences in

variety of plant, cultivation climate, ripening stage, the

harvesting time of the seeds, location and the extraction

method used [22, 27]. In a comparison, the oil content of

approximately 30.0% proved that the black mulberry seed

is a higher source of edible oil than grape seed

(11.6–19.6%), cotton seed (15.2–22.0%), olive

(12.0–28.0%) and raspberry seed (10.7%), as reported in

previous studies [28–30]. Protein content of the seeds

showed good correlation with the results of previous

studies on mulberries [18, 19] in which 21.2 and 29.4%

crude protein was found, respectively. As indicated by

Kamel and Dawson [31], the protein content of grape seed

was 8.2% and it was 10.12–11.81% according to Fantozzi

[32] where both of the findings were lower than the protein

content of mulberry seeds found in the present study.

Additionally, the mulberry seed contains a protein content

similar to cottonseed, which was found to be 22.32% by

Sawan et al. [33]. The average ash content of the black

mulberry seeds was found to be 4.5%. This finding was

higher than the ash content of grapeseed (i.e. 2.2%)

reported by Kamel and Dawson [31]. Plants absorb min-

erals during the growing season. The ash content of seeds

depends not only on the variety, but also on the growing

conditions such as soil and geographical conditions [34].

The 1,000-grain weight of the seeds was in the range of

2.029–2.305 g. The approximate total phenolic content of

the seeds were determined to be 112.2–152.0 mg GAE/

100 g. Our results are lower than the reported values for

black mulberry fruits (1,943–2,237 mg GAE/100 g fresh

mass, 1,422 mg GAE/100 g fresh matter), since the pre-

vious studies were conducted on whole fruits, not on

mulberry seeds [11, 15].
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Proximate Analysis of Mulberry Seed Oil

The physicochemical properties of crude mulberry seed oil

are given in Table 2. The differences in the proximate

composition of the oils belonging to the different growing

periods were found to be insignificant (p [ 0.05). Free fatty

acid content of the samples was between 2.38 and 3.38% in

the basis of oleic acid. The peroxide value (mequiv O2/kg),

refractive index (50 �C) and specific weight (25 �C) were in

the ranges of 5.82–7.03, 1.464–1.472 and 0.950–0.975,

respectively. Moisture content of the samples was between

0.016 and 0.024%. The refractive index of M. alba L. seed

oil was in agreement with Xiaolan et al. [19] who found

refractive index of 1.4750 at 20 �C.

As shown in Table 2, the average a-tocopherol content

was found as 0.18 mg in 100 g seed oil for all samples

collected in 2008 and 2009, where the highest value was

found for the sample collected in 2009.

Sterols are known as biologically active phytochemicals

and have important roles for human health. Table 2 shows

the sterol composition of the black mulberry seed oil. The

results indicated that the approximately 95% of the total

sterols are composed of b-sitosterol, D5-avenasterol,

D5,23-stigmastadienol, clerosterol, sitostenol and D5,24-

stigmastadienol. Campesterol, stigmasterol, cholesterol and

brassicasterol were also identified in the black mulberry

seed oil but only in small amounts.

Fatty Acid Composition of Mulberry Seed Oil

The physicochemical and nutritional properties of any

oilseed are affected by the fatty acid composition. A

sample gas chromatogram obtained from the present study

was supplied as Electronic Supplementary Material

(ESM-Fig. 1). Fatty acid profiles of mulberry seed oil

samples are presented in Tables 3, 4. According to the

GC analysis of fatty acid methyl esters, linoleic acid

(C18:2), followed by palmitic acid (C16:0), oleic acid

(C18:1) and stearic acid (C18:0) were the major fatty

acids, which together comprised approximately 97% of

total identified fatty acids. C18:2 content of the mulberry

oil varied in the range of 67.0–78.7%. It was followed by

C16:0 and C18:1 in the ranges of 8.6–13.3 and

6.4–10.2%, respectively. When between-year effects on

fatty acid composition of mulberry seed oils are com-

pared, the differences in the all fatty acids were found to

be insignificant (Tables 3 and 4). However, Gecgel et al.

[27] reported that important factors influencing fatty acid

composition are the variety and genetics of the seed. It

was reported that environmental conditions influence fatty

acid composition much more than the genotype of the

variety does. Similarly, Lajara et al. [35] showed that

temperature during the time elapsed between flowering

and ripening is possibly the most important factor influ-

encing fatty acid composition.

Table 1 Physicochemical properties of native black mulberry (Morus nigra L.) seeds

Year Samples 1,000-grain

weight (g)

Oil

content (%)

Protein

contenta (%)

Ash content

(%)

Carbohydrateb

(%)

Total phenolics

(GAE)c

2008 1 2.284 ± 0.005 30.8 ± 0.7 22.5 ± 0.4 4.0 ± 0.6 42.7 ± 0.6 148.4 ± 8.2

2 2.270 ± 0.006 30.2 ± 0.5 20.7 ± 0.5 3.7 ± 0.6 45.5 ± 0.7 143.5 ± 7.3

3 2.301 ± 0.007 32.9 ± 0.7 21.1 ± 0.3 3.5 ± 0.5 42.4 ± 0.5 152.0 ± 8.0

4 2.269 ± 0.005 29.6 ± 0.6 21.6 ± 0.4 5.1 ± 0.5 43.7 ± 0.5 112.2 ± 7.9

5 2.029 ± 0.007 28.8 ± 0.6 20.9 ± 0.4 6.0 ± 0.5 44.4 ± 0.5 119.4 ± 8.4

AverageD 2.230 ± 0.006 30.5 ± 0.6 21.3 ± 0.4 4.5 ± 0.5 43.7 ± 0.6 135.1 ± 8.0

2009 1 2.305 ± 0.006 31.3 ± 0.8 22.0 ± 0.4 4.1 ± 0.4 42.7 ± 0.8 147.5 ± 7.6

2 2.280 ± 0.005 30.3 ± 0.8 20.2 ± 0.4 3.8 ± 0.4 45.7 ± 0.8 144.3 ± 8.9

3 2.292 ± 0.006 33.0 ± 0.7 20.6 ± 0.3 3.5 ± 0.4 42.9 ± 0.7 149.6 ± 6.3

4 2.250 ± 0.004 30.1 ± 0.7 21.4 ± 0.4 4.9 ± 0.4 43.6 ± 0.8 114.2 ± 7.4

5 2.050 ± 0.005 27.5 ± 1.0 20.2 ± 0.3 5.6 ± 0.4 46.6 ± 0.9 118.8 ± 7.6

AverageD 2.235 ± 0.005 30.4 ± 0.8 20.9 ± 0.4 4.4 ± 0.4 44.3 ± 0.8 134.9 ± 7.6

2008–2009 2.233 ± 0.006 30.5 ± 0.7 21.1 ± 0.4 4.5 ± 0.5 44.0 ± 0.7 135.0 ± 7.8

Year NS NS NS NS NS NS

NS not significant

All determinations were carried out in triplicate and mean values ± standard deviation (SD) reported
D Average values were calculated based on all 15 (5 samples 9 3 replicates) data for each year with ± SD
a Protein content (%) = N (%) 9 6.25
b Carbohydrate obtained by difference
c The total phenolic, expressed as garlic acid equivalents mg/100 g oil
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Ercisli and Orhan [15] analyzed three mulberry species,

(M. alba L., M. rubra L. and M. nigra L.) and reported that

black mulberry fruits contained C18:2 as the dominant

fatty acid (61.9%), followed by C16:0 (12.1%), C18:1

(14.8%), C18:0 acids (5.8%), C19:1 (1.3%) and C14:0

(1.1%). In another study of Ercisli and Orhan [11], C18:2

was also reported to be the dominant fatty acid

(53.5–64.4%) followed by C16:0 (11.3–16.4%) in all black

mulberry genotypes analyzed. C18:2 (13.5–44.4%), C16:0

(14.4–22.7%) and C18:1 (2.3–16.0%) were also reported to

be the highest fatty acids found in fruits of three black

mulberry (M. nigra) genotypes by Elmaci and Altug [36].

According to the results shown in Table 4, total poly-

unsaturated and total unsaturated fatty acids of mulberry

seed oils were between 67.6–79.4% and 79.9–87.7%,

respectively. The fatty acid profile of mulberry seed oil

shows that it is a good source of the nutritionally essential

fatty acid, linoleic acid. C18:2 may protect against ische-

mic stroke and lacunar infarction, possibly due to lowering

of blood pressure levels and improvement in small-vessel

circulation by means of reduced platelet aggregation and

enhanced erythrocyte deformability [37]. Additionally,

C18:2 perhaps the most potent anticancer fatty acid in that

amounts B1% in the diet are sufficient to produce a sig-

nificant protective effect [11]. This proved the importance

of mulberry seed oil as a source of dietary ingredient.

Linolenic acid (C18:3) was also found in relatively lower

amounts. C18:3 is readily oxidized in oils such as soybean

and canola to cause rancidity and off-flavors during storage

or frying [27].

The levels of major fatty acids obtained in this study are

in accordance with the results of the previous studies

conducted on whole mulberry fruit [11, 15, 36]. However,

the number of the fatty acids of black mulberry seed oil

determined in the present study is higher than the number

of fatty acids of the whole mulberry fruit reported in the

previous studies. Ercisli and Orhan [15] reported that black

mulberry fruits contained C18:2, C16:0, C18:1, C18:0,

C19:1 and C14:0. However, a total of 20 fatty acids were

determined in the present study. The 12 fatty acids other

than the mentioned above are the minor fatty acids which

are found in lower amounts than the others. Thus, the

addition fatty acid observed in our study is the first report

about the determination. It may be due to the difficulties in

the detection of some trace fatty acids in the whole fruit. It

is clear that the procedure of the oil extraction from the

fruit and the fatty acid analysis in the oil enables the

determination of some minor fatty acids. According to

Ercisli and Orhan [15], behenic (C22:0) and palmitoleic

(C16:1) acids were reported to be detected only in M. alba

fruits (0.2 and 0.6%, respectively). In our study, C22:0

(0.1%) and C16:1 (0.1%) acids were also detected in black

mulberry seed oil.

Conclusions

The present study showed that the mulberry seed with

approximately 30% crude oil content has a good potential

as an oil seed that can be used as a dietary source. Also, the

present study showed that, according to the fatty acid

composition, it seems possible to place mulberry seed oil

among the oils of grape seed, safflower, sunflower, soy-

bean, maize, cotton seed, poppy and tobacco, which are of

the linoleic type. High C18:2 content (average 73.7%) also

proved that black mulberry seed oil should be considered

as an essential fatty acid source. a-Tocopherol and sterols

as phytochemicals are also important components of the

mulberry seed oil essential to prevent cardiovascular

diseases.
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rilmesi (In Turkish). Proceedings of the 1st International Sym-

posium on Traditional Foods from the Adriatic to the Caucasus,

Tekirdag, Turkey

29. Salunkhe DK, Chavan JK, Adsule RN, Kadam SS (1992) World

oilseeds. chemistry, technology, and utilization. Van Nostrand

Reinhold, New York

30. Oomah D, Ladet S, Godfrey DV, Liang J, Girard B (2000)

Characteristics of raspberry (Rubus idaeus L.) seed oil. Food

Chem 69(2):187–193

31. Kamel BS, Dawson H (1985) Characteristics and composition of

melon and grape seed oils and cakes. J Am Oil Chem Soc

62(5):881–883

32. Fantozzi P (1981) Grape seed: a potential source of protein. J Am

Oil Chem Soc 58(12):1027–1031

33. Sawan ZM, Sakr RA, Ahmed FA (1989) Effect of 1-naphtha-

leneacetic acid on the seed, protein, oil, and fatty acids of

Egyptian cotton. J Am Oil Chem Soc 66(10):1472–1474

34. Gaytancıoglu O, Tasan M, Gecgel U, Arslan D (2009) Chemical

composition and constituent value of selected soybean (Glycine
max (L.) Merrill) cultivars grown in Turkey. Asian J Chem

21(1):627–634

35. Lajara JR, Diaz U, Diaz Q (1990) Definite influence of locali-

zation and climatic conditions on fatty acid composition of sun-

flower seed oil. J Am Oil Chem Soc 67:618–623

36. Elmaci Y, Altug T (2002) Flavour evaluation of three black

mulberry (Morus nigra) cultivars using GC/MS, chemical and

sensory data. J Sci Food Agric 82:632–635

37. Iso H, Sato S, Umemura U, Kudo M, Kolke K, Kitamura A,

Imano H, Okamura T, Naito Y, Shimamoto T (2002) Linoleic

acid, other fatty acids, and the risk of stroke. Stroke

33:2086–2093

J Am Oil Chem Soc (2011) 88:1179–1187 1187

123

http://dx.doi.org/10.1007/s10930-005-7590-6
http://CNKI:SUN:SKSF:0.2009-02-020
http://CNKI:ISSN:1003-0174.0.1998-04-010
http://CNKI:ISSN:1003-0174.0.1998-04-010

	Investigating Some Physicochemical Properties and Fatty Acid Composition of Native Black Mulberry (Morus nigra L.) Seed Oil
	Abstract
	Introduction
	Materials and Methods
	Obtaining and Preservation of Raw Material
	Determination of Some Physicochemical Properties of Black Mulberry Seeds and Seed Oils
	Fatty Acid Analysis
	 alpha -Tocopherol Analysis
	Sterol Analysis
	Statistical Analysis

	Results and Discussion
	Physicochemical Properties of Mulberry Seeds
	Proximate Analysis of Mulberry Seed Oil
	Fatty Acid Composition of Mulberry Seed Oil

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


