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Abstract: A method for the iodine-catalyzed formation of conjugated double
bonds in soybean oil was developed, and the conjugated product was analyzed
by UV, IR and IH-NMR. The results indicated that the optimal conditions for
the isomerisation included a temperature of 180 °C, a catalyst loading of 0.5
mass % and a reaction time of 3 h. Under these conditions, the concentration of
conjugated linoleum acid was 1.51 mol L! and the CLNA concentration reached
0.225 mol L' with a conversion rate of 99.9 %. The reaction predominantly
produced trans—trans, trans—cis and cis—trans isomers. It was also revealed that
the isomerisation of linolenic acid was much faster than that of linoleic acid.
The method possessed the advantages of a short procedure, a high conversion
rate, and no conversion into methyl esters of the raw material and it is an
environmentally friendly technology that does not require the use solvents.
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INTRODUCTION

For a long time, petroleum has been used as a raw material of chemicals.
However, due to the exhaustion of petroleum resources, alternative feedstocks
must be found. Agricultural-based chemicals, as one of the most attractive
alternatives, have gained much attention during the last few years. Vegetable oils
are easily utilized because of their unsaturated double bonds and are sustainable
environmentally friendly chemical feedstocks.

Conjugated vegetable oils have found their way into many industrial appli-
cations because of their improved drying property.l=> In recent years, the phy-
siological functions of the conjugated linoleic acid (CLA) were identified, and
studies on the formation of conjugated double bonds in oils or fatty acids have
become a major focus of the international chemistry community. Over the past
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1 42 YAN et al.

few decades, there have been numerous reports on the preparation of conjugated
fatty acids and oils.0~16 Dejarlais et al. found that the isomerisation of methyl
esters affording conjugated double bonds were much faster than those of glyco-
sides using the sodium salt of dimethyl sulfoxide as the catalyst.15 Larock et al.
prepared conjugated oils and fatty acids with homogeneous transition metals as
catalysts.” Basu and Kasar described an isomerization method of safflower oil
and methyl linoleate using cationic rhodium complexes as catalysts.!2 Radlove et
al. performed a nickel-carbon catalyst method that could reach yields of 3045
% in 3—6 h at 170 °C.16 They also mentioned that some investigators found that
sulfur dioxide could be used as an isomerisation catalyst for linseed and soybean
oils under certain conditions. Simakova et al. primarily focused on the develop-
ment of heterogeneous catalytic approaches.!” Many of these methods have
drawbacks, including being difficult to scale-up and having poor product yields,
unwanted side reactions, high catalyst costs, the requirement of pressure, and
long reaction times.

lIodine is inexpensive and non-toxic. In recent years, iodine has been used as
a catalyst for various organic reactions, including isomerization.18-22 There have
also been reports concerning oil isomerization affording conjugated double bonds
with iodine as the catalyst. Gangidi?2 prepared CLA isomers from soybean oil by
photo-isomerization of linoleic acid with the help of iodine within the tempera-
ture range 3540 °C under irradiation from a mercury lamp for 120 h. Jain and
Proctor?3:24 obtained CLA-rich soybean oil also by a photochemical reaction
with iodine as the catalyst, maintaining the oil temperature between 22 and 25
°C. However, photochemical methods have common shortcomings of low reac-
tion rates, long reaction times and low yields. They are also not easy to scale-up
to an industrial level.

For these reasons, the main purpose of this work was to develop an efficient
procedure for oil isomerization affording conjugated double bonds using iodine
as the catalyst. The new method has a high conversion rate, short reaction time,
and is easy to operate under industrial conditions. Additionally, it is an environ-
mentally sensitive technology that does not require the use of organic solvents.

MATERIALS AND METHODS
Materials and equipment

Transgenic soybean oil was purchased from the Cofco Corporation. The mass fractions
of linoleic acid (LA) and linolenic acid (LNA) determined by GC were 50.88 and 6.86 %,
respectively. Analytical grade iodine was purchased from Tianjin Zhongxing Chemical
Reagent Factory. Analytical grade hexane was purchased from Sinopharm Chemical Reagent
Co., Ltd. The standard products of CLA were purchased from Nu-Chek-Prep Inc. Nitrogen
(99.99 % purity) was obtained from Guangzhou Chun Jiang Industrial Gas Co., Ltd. All other
chemical reagents were analytical grade.

The following instruments were used in this study: a UV spectrophotometer (2550, Shi-
madzu, Japan), a Fourier transform infrared spectrometer (Spectrum 100, PerkinElmer, Inc.,
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USA), a magnetic agitator with heat collection and temperature control (DF-101S, Gongyi
Yingyu Instrument Factory, China), and a superconducting NMR spectrometer (Avance
AV400, Bruker, Germany).

Isomerisation reaction

For the isomerisation reaction, 100 g of soybean oil and a specified amount of iodine (in
solid form) were added to a 250 mL three-necked round-bottom flask fitted with a thermo-
meter, a reflux condenser, and a high purity nitrogen gas delivery tube. The mixture was
purged with nitrogen for ~10 min to remove the oxygen, and the flask was lowered into a
silicone oil bath, heated and stirred magnetically under the protection of nitrogen. The reactor
vessel was covered with protective foil. The reaction products were then cooled to room
temperature and washed 3 times with 10—-15 mL of 0.2 M sodium thiosulfate and of distilled
water. The sample was obtained after drying with anhydrous sodium sulfate.

Determination of the CLA and the conjugated linolenic acid (CLNA) concentrations

Standard CLA was dissolved in n-hexane to prepare a series of standard solutions that
ranged from 4 to 14 mg L'! in concentration. Using n-hexane as a reference solvent, the
maximum absorbance at 234 nm was measured to obtain a standard curve. According to the
curve, an equation was determined: 4 = 0.1047¢ — 0.046, R = 0.9992, where 4 is the absor-
bance and c is the concentration of CLA in mg L-!. The product was diluted with n-hexane,
and the absorbance was measured at 234 nm. If the absorbance was greater than 1.0, the
sample was diluted further. The raw material was also diluted and determined to be the
product. The difference of the two absorbencies was used to calculate the CLA concentrations
according to the regression equation. The CLNA concentrations were determined according to
the IUPAC method.2’ The percentage conversion was also estimated from the !'H-NMR
spectra using the glycerol backbone peaks at chemical shifts of 4.15 and 4.30 ppm, according
to the literature.26

Removal of I,

Sodium thiosulfate,?” granulated charcoal and starch?¢ are reported to remove iodine in
the presence of hexane. Sodium thiosulfate was adopted in this study, owing to its capability
to remove iodine quickly.?” Titrimetry was adopted to determine the optimal sodium thio-
sulfate concentration in the eluate. Thus, the residual iodine in the oil could be estimated. The
results showed that the residual iodine in oil was not more than 0.2 % after washing three
times with =10 mL 0.1 M sodium thiosulfate. Another method to remove iodine, which util-
ized the volatility of iodine, was performed at 180 °C under reduced pressure for 1 h. Con-
densate iodine remained in the flask mouth. However, the dark color of the oil manifested the
poor effect. The third method was to wash with a potassium iodide—water solution, due to its
high iodine solubility. Determination of the eluate showed that no iodine was removed from
the oil after washing three times with =10 mL 0.1 mol L-! potassium iodide~water solution.
To remove iodine as much as possible, 0.2 M sodium thiosulfate was used. A slightly yellow
oil was obtained by washing three times with 10—15 mL.

Spectroscopy analysis

The structures of the products were characterized by UV—Vis, FTIR and NMR analyses.
For the UV analysis, approximately 0.1 g of the raw material and the product were diluted
with n-hexane by a factor of approximately 5000. The samples were scanned from 210-300
nm, using n-hexane as the reference. For the FTIR analysis, the raw material and product were
spread onto potassium bromide tablets. The samples were scanned from 4000—-400 cm'!. For
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the nuclear magnetic resonance spectroscopy analysis, a superconducting pulse Fourier
transform NMR spectrometer was utilized. CDCl; was used as the solvent, the magnet was
400 MHz, the temperature was 45 °C, and the chemical shift of chloroform, é = 7.27 ppm, was
used as the reference.

RESULTS AND DISCUSSION
Effect of the single factors on the isomerisation reaction

The effect of the catalyst loading on the concentration of the conjugated oil
is shown in Fig. 1. Thus, the concentration of the conjugated oil first increased
with increasing catalyst loading concentrations up to 0.5 mass %. At a catalyst
usage of 0.5 mass %, the concentrations of CLA and CLNA were 1.05 and 0.167
mol L1, respectively. These values did not increase appreciably at higher cat-
alyst loadings. The product yield increased due to the higher collision probability
between the catalyst and the reactant as the catalyst dosage was increased. How-
ever, larger amounts of catalyst would lead to higher costs, and the color of the
product was deeper at increased iodine usage.
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The effect of temperature on concentration of the conjugated oils is shown in
Fig. 2. As can be seen, the concentration of the conjugated oils was very low
when the temperature was 80 °C, but the product yield increased at higher tempe-
ratures. The concentration of CLA increased to its maximum of 1.42 mol L1 at a
temperature of 180 °C. The concentration of CLNA reached 0.225 mol L~! when
the temperature was 130 °C, corresponding to a conversion of 99.9 %, and then
decreased at higher temperatures. Theoretically, at higher temperatures, the num-
ber of activated molecules per unit volume increased, the viscosity of the system
decreased, and the collision opportunities between the catalyst and reactant inc-
reased, all of which served to accelerate the reaction.

The effect of the reaction time on the conjugation reaction is shown in Fig.
3, from which it can be seen that the concentration of CLA and CLNA first
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increased and then decreased with increasing reaction time. The concentration of
CLA first increased remarkably with increasing time, but the product yield began
to decrease at reaction times greater than 3 h; therefore, it is important to control
the reaction time strictly according to the conjugated products required.
However, the concentration of CLNA reached a maximum 0.204 mol L-! at 1.5
h. It should be noted that the mass fraction of LNA in the raw material was only
6.88 %, which was much lower than that of LA at 50.88 %. Therefore, to obtain
the same conversion ratio, the former reaction time was relatively shorter than
the latter one.
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Orthogonal experiment

Based on the single factor experiments described above, an orthogonal test
was adopted to determine the optimal conditions, using the concentration of CLA
as the index. As shown in Table I, under the tested conditions of the experiments,
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the most important factor was the reaction temperature. The optimal conditions
were a temperature of 180 °C, a catalyst loading of 0.5 mass % and a reaction time
of 3 h. Reproducible tests under the optimal conditions showed that the product
concentration was 1.51 mol L1, with a conversion rate of approximately 92 %.

TABLE I. Results of orthogonal experiments

Serial No. Catalyst amount, % Temperature, °C Time, h Product concentration, mol L-!

1 0.55 170 2.5 1.225
2 0.55 180 3 1.497
3 0.55 190 3.5 0.945
4 0.50 170 3 1.318
5 0.50 180 3.5 1.399
6 0.50 190 2.5 1.127
7 0.45 170 3.5 1.321
8 0.45 180 2.5 1.290
9 0.45 190 3 1.176
ky 1.222 1.288 1.214
ky 1.281 1.395 1.330
ks 1.262 1.082 1.222
R 0.059 0.313 0.116

A photochemical method for obtaining CLA-rich soybean oil in the presence
of iodine as a sensitizer, as reported in literature,22-24 has the advantages of using
a temperature of no more than 40 °C and an iodine loading of less than 0.25 %.
However, the reaction rate is very slow. Irradiating soybean oil for 240 h with
0.25 % iodine gave a 54 % conversion of LA to CLA.23 Other reports indicated
that using a similar approach, soybean oil conjugation could be performed
rapidly with a 500 W projector lamp,2¢ and a pilot-scale apparatus capable of
yielding 20 % CLA in 12 h.28 However, this method is difficult to scale up to an
industrial level. Moreover, some methods require large quantities of an organic
solvent?6 or a complicated pre-treatment, such as conversion into methyl
esters.29 Compared with a photochemical method, in view of industrialization,
the method performed in the present study seems to be more favorable, resulting
in a conversion of more than 90 % in 3 hours.

Comparison of isomerisation of LA and LNA

The conjugation of LA and LNA was assumed to be completed in one-step
and described by a first-order reaction. The data in Fig. 3 prior to 90 min was
used to study the kinetics of the reaction. Thus, the rate curve and equation
In (co/c) = kt were obtained from these data, where ¢ is the concentration of LA
or LNA at any time ¢, cg is the initial concentration and £ is the rate constant. As
shown in Fig. 4, the rate constant of LNA conjugation was much larger than that
of LA; the conjugation of LNA was clearly faster than that of LA. In addition,
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the concentration of LNA was low in the raw material and therefore, it was
quickly consumed in the reaction. According to Figs. 1-3, in its conjugation,
LNA was completely consumed within 3 h at 130 °C using 0.5 mass % iodine
and a reaction time of 3 h. Under these conditions, the CLA yield was not high.
Figure 4 also shows that the original hypothesis of the LA conjugation was cor-
rect as illustrated by its perfect fitting curve. However, the fitting curve for LNA
isomerisation was not appropriate. It was not clear that the three double bonds of
LNA were to form a di- or triene conjugation in the first step. Furthermore, when
the reaction continued after exhaustion of LNA, as shown in Figs. 1-3, the con-
centration of CLNA in the system was gradually reduced. Further study on this
phenomenon and its mechanism of isomerisation is required.
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Structural characterization of the product

Ultraviolet absorbance analysis. The UV absorption spectra of the raw soy-
bean oil (A) and the products formed at different temperatures (B, C and D) are
shown in Fig. 5. The absorption peaks at 234 and 268 nm correspond to the max-
imum of the absorption peaks for CLA and CLNA, respectively. As seen from
the plots, the spectrum of soybean oil did not contain any absorption peaks
between 220-300 nm. Therefore, soybean oil does not contain a conjugated
structure. The spectra B, C and D indicated that conjugation has been formed. In
addition, as the temperature was increased from 100 to 180°C, the absorbance of
the product at 234 nm increased, corresponding to the increase in the CLA yield.
However, the absorbance at 268 nm first increased and then decreased, indicating
that the concentration of CLNA also first increased but then decreased with inc-
reasing temperature. This result was consistent with the phenomenon described
above.

Infrared spectrum analysis. The infrared absorption spectra of the raw mat-
erial (A) and the products (B) are shown in Fig. 6. As shown in the spectra, the
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raw oil did not produce any characteristic absorption peak from 900—1000 cm™!,
while the reaction product produced very significant peaks at 986, 967 and 948
cml. The peak at 986 cm™! revealed the presence of trans—trans dienes,30 the
986 and 948 cm! peaks revealed cis—trans or trans—cis dienes,!! and the 967
cm~! peak corresponded to trans monoenes.30
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Fig. 5. UV absorption spectrum of raw soybean oil (A) and reaction products (B, C, D).
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Fig. 6. IR absorption spectra of the raw soybean oil (A) and the reaction products (B).

Proton nuclear magnetic resonance analysis. The TH-NMR spectra of raw
soybean oil and the reaction products after formation of conjugation are shown in
Fig. 7a and b, respectively. The degree of unsaturation and information regarding
the cis—trans isomers of the conjugated oil were determined according to the
chemical shifts and coupling constants of the protons from the spectra.3! Peaks at
approximately 5.30 ppm reveal non-conjugated vinylic protons, and they shift to
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5.30-6.29 ppm after conjugation.® The chemical shifts of interest in spectrum a
included 6 = 5.31 ppm, -CH=CH-—; ¢ = 2.72 ppm, =CH-CH>—CH= and ¢ = 2.08
ppm, =CH-CH»—, and spectrum b included 6 = 6.24 ppm, Z-=CH-CH=CH; ¢ =
= 5.92 ppm, E-=CH-CH=CH; ¢ = 5.63 ppm, E-=CH-CH=CH; J = 5.52 ppm,
E-=CH-CH=CH and ¢ = 5.33 ppm, Z-=CH-CH=CH. From the integration of
these peaks, the percent conjugation could be estimated. It was evident that
iodine-catalyzed isomerization affording conjugated double bonds had occurred.
The main composition of the conjugated oil included trans—trans, trans—cis and
cis—trans isomers.
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3.0 2.0 10

'LUI_ JM

7.0 5
o/ ppm
Fig. 7. 'TH-NMR spectra of raw soybean oil (a) and reaction products (b).

CONCLUSIONS

The iodine-catalyzed soybean oil isomerization affording conjugated double
bonds possesses the advantages of a short procedure, a high conversion rate, no
conversion into methyl esters, and easy transition to industrialization. Addition-
ally, it is an environmentally friendly technology not requiring solvents. The
optimal conditions included a temperature of 180 °C, a catalyst loading of 0.5
mass %, and a reaction time of 3 h. Under these conditions, the concentration of
CLA and percent conversion were 1.51 mol L-! and 92 %, respectively. CLNA
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reached 0.225 mol L-! with a conversion of 99.9 % when the temperature was
130 °C, at a catalyst loading of 0.5 wt. %.

The main configurations of CLA and CLNA in the final products included
trans—trans, trans—cis and cis—trans isomers, based on UV, IR and 'H-NMR
analysis. However, the reaction mechanism, especially the decrease in the con-
centration of CLNA, requires further study.
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U3BOJ
I'PABEILE KOHJYTOBAHHMX IBOCTPYKHX BE3A Y COJUHOM YJbY ¥V ITPUCYCTBY
JOIA KAO KATAJTU3ATOPA

JIE YAN', JINLAN YANG', RIFU YANG?, HAIFEN HE', QIHAI LIU" n HAILIN LIN"

!College of Chemistry and Chemical Engineering, Zhongkai University of Agriculture and Engineering,
Guangzhou u °School of Physics u Optoelectronics, South China University of Technology, Guangzhou, China

Pa3ByjeH je nmocrynak U30MepH3alyje COjUHOT y/ba y NPUCYCTBY joda Kao KaTaau3aropa,
a MoSHMjeHH KOHjyroBaHH MPOM3BO. je aHanusupad metonama UV, IR u TH-NMR. OnTumanuu
YCJIOBH 3a U30MepHu3auujy cy ounu cnenehu: temneparypa 180 °C, moueTHa KOHLIEHTpaluja
karanusaropa 0,5 mac. % u peaxunono Bpeme 3 h. ITonm THM ycroBMMa je KOHLEHTpaluja
KOHjyroBaHe JMHOMHE KucenuHe omna 1,51 mol L1, y3 92 % konsepsuje. CLNA je mocturna
xoHueHTpauujy on 0,225 mol L™! npu Temnepatypu ox 130 °C, 0,5 Mac. % katanusatopa u 3 h
peakuuje, a creneH KoHsepsuje je 61o 99,9 %. Tokom peaxuuje Ccy NPETEKHO HACTalHU trans—
—trans, trans—cis U cis—trans U30MEpH, X je IIPU HUCTOj TEMIEpaTypH pacTao YAeo trans—
—trans v3oMepa ca BpeMeHoM peakuuje. Takohe, p3uHa U3omepusalyje JIUHOIEUHCKE KUCe-
nuHe je duna 3HaTHO Beha Hero nuHOMHe. [IpegHOCT OMMCAHOr MOCTYIKA je Y KPaTKOM Bpe-
MeHy Tpajama, BUCOKOM CTeleHy KOHBep3Hje, OICyCTBY ImpeBolhema Y METHI ecTpe M0JIa3HoT
MaTepHjana U y eKOJIOIIKOj YACTOhH, MOIITO Ce He KOPHUCTe pacTBapayu.

(ITpumpeno 4. maja, pesupupano 30. jyHa, npuxsaheno 23. centemdpa 2015)

REFERENCES

1. S.B. Radlove, L. B. Falkenburg, J. Am. Oil Chem. Soc. 25 (1948) 1
M. A. Meier, J. O. Metzger, U. S. Schubert, Chem. Soc. Rev. 36 (2007) 1788
. P. H. Henna, D. D. Andjelkovic, P. P. Kundu, R. C. Larock, J. Appl. Polym. Sci. 104
(2007) 979
4. L.T. Yang, C. L. Dai, L. J. Ma, S. Q. Lin, J. Polym. Environ. 19 (2011) 189
5. S. Krompiec, R. Penczek, M. Krompiec, T. Pluta, H. Ignasiak, A. Kita, S. Michalik, M.
Matlengiewicz, M. Filapek, Curr. Org. Chem. 13 (2009) 896
6. Y. Park, K. J. Albright, W. Liu, J. M. Storkson, M. E. Cook, M. W. Pariza, Lipids 32
(1997) 853
7. R. Nicolosi, E. Rogers, D. Kritchevsky, J. Scimeca, P. Huth, Artery 22 (1997) 266
8. D. W. Ma, A. A. Wierzbicki, C. J. Field, M. T. Clandinin, J. Am. Oil Chem. Soc.76
(1999) 729
9. R. C. Larock, X. Y. Dong, S. Chung, C. K. Reddy, L. E. Ehlers, J. Am. Oil Chem. Soc.
78 (2001) 447
10. D. D. Andjelkovic, B. Min, D. Ahn, R. C. Larock, J. Agric. Food. Chem. 54 (2006) 9535

[SSIN )

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS. All rights reserved.



11

12.
13.
14.
15.
16.

17.

18.
19.

20.

21.
22.
23.
24.
25.
26.

27.
28.
29.
30.

31.

ISOMERISATION REACTION OF SOYBEAN OIL 1 5 1

. O. Berdeaux, L. Voinot, E. Angioni, P. Juaneda, J. Sebedio, J. Am. Oil Chem. Soc.75
(1998) 1749

A. Basu, T. G. Kasar, J. Am. Oil Chem. Soc. 63 (1986) 1444

R. L. Quirino, R. C. Larock, J. Am. Oil Chem. Soc. 89 (2012) 1113

M. O. Jung, S. H. Yoon, M. Y. Jung, J. Agric. Food. Chem. 49 (2001) 3010

W.J. Dejarlais, L. E. Gast, J. C. Cowan, J. Am. Oil Chem. Soc. 50 (1973) 108

S. B. Radlove, H. M. Teeter, W. H. Bond, J. C. Cowan, J. P. Kass, Ind. Eng. Chem. 38
(1946) 997

0. A. Simakova, A. R. Leino, B. Campo, P. Maki-Arvela, K. Kordas, J. P. Mikkola, D. Y.
Murzin, Catal. Today 150 (2010) 32

D. Prajapati, D. Bhuyan, M. Gohain, W. H. Hu, Mol. Divers. 15 (2011) 257

J. S. Yadav, B. V. S. Reddy, S. Sengupta, M. K. Gupta, G. Baishya, S. J. Harshavardhana,
U. Dash, Monatsh. Chem. 139 (2008) 1363

P. T. Parvatkar, A. K. Ajay, M. K. Bhat, P. S. Parameswaran, S. G. Tilve, Med. Chem.
Res. 22 (2013) 88

S. Sobhani, A. Vafaee, J. Iran. Chem. Soc. 7 (2010) 227

R. Gangidi, A. Proctor, Lipids 39 (2004) 577

V. P. Jain, A. Proctor, J. Agric. Food. Chem. 54 (2006) 5590

V. P. Jain, A. Proctor, J. Agric. Food. Chem. 55 (2007) 889

C. Paquot, Pure Appl. Chem. 51 (1979) 2503

V. R. Chintareddy, R. E. Oshel, K. M. Doll, Z. K. Yu, W. Wu, G. T. Zhang, J. G.
Verkade, J. Am. Oil Chem. Soc. 89 (2012) 1749

K. Eulitz, M. P. Yurawecz, N. Sehat, J. Fritsche, J. A. G. Roach, M. M. Mossoba, J. K. G.
Kramer, R. O. Adlof, Y. Ku, Lipids 34 (1999) 873

V. P. Jain, A. Proctor, R. Lall, J. Food Sci. 73 (2008) E183

K. Seki, R. Kaneko, M. Kataoka, J. Am. Oil Chem. Soc. 40 (1991) 507

F. Lavillonniere, J. C. Martin, P. Bougnoux, J. L. Sébédio, J. Am. Oil Chem. Soc. 75
(1998) 343

M. S. L. K. Jie, M. K. Pasha, M. S. Alam, Lipids 32 (1997) 1041.

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS. All rights reserved.




<<
  /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




