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Abstract 

Fatty acid methyl esters (FAME), biodiesel, are alternative diesel fuels usually 

obtained from renewable sources, mainly, vegetable and animal oils through 

transesterification among other processes. Melon seed oil was extracted from 

melon seeds bought from a local market, degummed and alkali refined using 

standard methods. FAME of the oil was produced using methanol in the molar 

ration of 1:6, 1% sodium hydroxide catalyst at the reaction temperature of 

60°C for the duration of 1h. Results obtained showed that the fatty acid 

methyl esters had a specific gravity of 0.8786, viscosity of 6.24 centistokes, 

pH of 7.23, heating value of 36.34 J/g and flash point of 148°C. The FAME 

yield was 87.35% under the reaction conditions that applied. The infrared 

spectra of both the refined oil and the methyl esters from it, showed peaks at 

1721.3cm-1 and 1167.8cm-1 (C=O and C-O stretches large and medium 

absorbance's) for oils and methyl esters. Generally, the fuel properties of the 

FAME compared with values obtained under the same conditions for 

conventional petroleum diesel that was sourced from a retail outlet; 
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suggesting that biodiesel from MSO could be used alone or in blends with 

petrodiesel to power compression ignition (diesel) engines. 

Keywords 

Fatty acid methyl esters; Biodiesel; Melon seed oil; Transesterification; Flash 

point. 

 

 

Introduction 

 

The ever-increasing population of both the developing and developed nations of the 

world and the consequent increase in their diesel consumption and the non-renewability of 

diesel source (petroleum), as well as the adverse environmental effects of diesel burning are 

some of the factors that has made alternatives to petroleum diesel very attractive [1-3]. The air 

pollution occasioned by diesel use has been identified to be one of the reasons for climatic 

changes that result in frequent heavy rains, hurricanes and floods that threaten lives and 

properties [4]. Biodiesel life cycle analysis showed 78% reduction in CO2 (greenhouse gas) 

emissions relative to petrodiesel [5]. The unpredictable price fluctuations of crude oil in the 

international market have also been a major source of concern in total dependence on diesel 

fuel. Report by Rudolf Diesel in 1900 showed that vegetable oils could be used as diesel fuel 

[6]. The very low cost of petroleum at the time of this proposal by Rudolf did not help the 

development of triglycerides as diesel substitute. The direct use of vegetable and animal oils 

and/or oil blends was found to be unsatisfactory and impractical for both direct-injection and 

indirect type diesel engines. This is as a result of the high viscosity (10 times greater than 

diesel), acid composition, and free fatty acid content of such oils, as well as gum formation 

due to oxidation and polymerization during storage and combustion, carbon deposits, 

lubricating oil thickening and poor cold engine start-up fuel atomization [3, 7-10]. A number 

of measures have been adopted to solve the above problems of straight-run vegetable oil in its 

use as diesel fuel. These are dilution of diesel fuel with vegetable oil [11-13] and pyrolysis of 

vegetable oil in the presence of air or nitrogen to yield hydrocarbons suitable as diesel 

[13,14]. Also, microemulsification to give isotropic, clear or translucent thermodynamically 

stable dispersions of oil, water, a surfactant/cosurfactant microemulsion [10, 15,16] and 
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transesterification involving the displacement of an alcohol (glycerol) by another alcohol in a 

process similar to hydrolysis with water [7] are some other methods. 

Jatropha [1], palm kernel and coconut [3], Cynara cardunculus L [8], soap nut and 

jatropha [17], palm, palm kernel and ground palm oils [18], soybean [19], and waste 

vegetable oils [20], have been transesterified and characterized for biodiesel use. Various 

esters ranging from methyl, ethyl, propyl to butyl esters have been produced from the oils 

using different reaction conditions. Efforts are still on in various laboratories to identify more 

vegetable oils that could be used as sources of biodiesel in many countries. 

Transesterification process is a set of three consecutive chemical reactions between 

esters generally and mainly triglycerides and simple alcohols. The reaction is usually very 

slow to be of any industrial value and as such catalysts, which can be acidic, basic, organic or 

enzymatic, are usually used to achieve reasonable conversion at short time. Also, since the 

reaction is reversible as 1 mole of the triglyceride reacts with 3 moles of the alcohol, as shown 

in Figure 1, removal of one of the products or an increase in the mole ratio of one of the 

reactants can be used to drive the reaction to the right (alkyl ester formation). 

Usually, the methanol to oil/triglyceride mole ratio is made greater than 3:1; 6:1 and 

above for most oils [2, 8, 21]. 

CH2COOR1   CH3COOR1    CH2–OH 

 ׀       ׀

CHCOOR2 + 3CH3OH NaOH 
∆→ 

CH3COOR2 + CH–OH 

 ׀       ׀

CH2COOR3   CH3COOR3    CH2–OH 

 
Figure 1. Typical Transesterification Reaction Equation 

 

In this paper, we report a work carried out with melon seed oil which has been 

identified elsewhere [22] as possible industrial oil and proposals made as to how it could be 

produced to meet both the domestic and industrial needs like the case of soybean oil. Fuel 

properties of the fatty acid methyl esters obtained from the oil were determined and compared 

with that of conventional petroleum derived diesel fuel. 
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Materials and Methods 

 
Melon seeds were bought from Ogige market in Nsukka-Nigeria, ground and extracted 

with 60-80°C boiling range petroleum ether and the solvent recovered using a rotary 

evaporator. The oil was degummed to remove phosphatides, alkali-refined to get rid of the 

free fatty acids, and heated to, and held at 105°C for 30 min. to expel moisture. The acid, 

saponification and iodine values of the freshly extracted oil were determined using ASTM 

methods. Methanol was a product of Merk, Darmstadt, Germany and is of 99.7% purity, 

while the sodium hydroxide was a product of Loba Chemie GmbH Switzerland. All other 

regents were of analytical grade unless otherwise stated. 

 

Preparation of Sodium Methoxide 

0.35g of NaOH was added with care into a beaker containing 40cm3 of methanol, and 

stirred vigorously until the NaOH dissolved completely to form sodium methoxide. The 

solution was heated to 60°C and held at that temperature. 

 

Production and Purification of Biodiesel 

The transesterification reaction was carried out in a three-necked 500ml round bottom 

flask equipped with a thermometer, condenser and stirrer. 100ml of melon seed oil was put in 

the flask and heated to 60°C. The catalyst solution also at 60°C was gradually introduced into 

the flask containing the oil. The temperature of the system was maintained at 65±2°C for 1h 

with the stirrer operating at 150rpm [8]. 

At the end of 1h the reaction was assumed to have reached completion [8] and 

immersing the flask in a cold water bath was applied to quench the reaction. The method of 

Ikwuagwu et al [23] was used to separate the biodiesel (upper layer) from the glycerol (lower 

layer) using a separating funnel. The biodiesel was washed with about 15% by weight of 

warm distilled water and about 5% NaHCO3 three times to a neutral pH to remove the 

catalyst, glycerol and other impurities. Rotary evaporator was used to recover completely the 

excess methanol in the biodiesel at the boiling temperature (67°C) of methanol. The moisture 

remaining in the product was removed with anhydrous Na2SO4 which was subsequently 

filtered off and the product dried at 105°C for 10 min, cooled and weighed. The glycerol was 

also purified according to the methods of De Filippis et al [24]. The above experiments were 

performed in duplicate and the average values obtained. 
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Characterization of the Biodiesel Produced 

The biodiesel produced was characterized for its absolute viscosity using Ferranti 

portable viscometer model VL, refractive index using Abbe refractometer, specific gravity 

using specific gravity bottle, flash point using a cup adapted to serve as the Pensky-Martens 

flash point cup, pH using a consort pH meter model P 107 and the heat of combustion using 

Hewlett Adiabatic Bomb Calorimeter model 1242. The colour of the product was determined 

by virtual means and the density by using density bottle. Fourier Transform Infrared (FTIR) 

spectra of the refined oil as well as the biodiesel produced were run to confirm the methyl 

esters in the products. The physicochemical properties determined for the raw, refined and 

FAME of the MSO was determined, also in duplicates, for conventional petroleum diesel 

obtained from a commercial depot at Nsukka. 

 

 

Results and Discussion 

 

The FTIR spectra of the refined oil and biodiesel both showed peaks at 1721.3cm-1 

and 1167.8cm-1 similar to that reported in the literature [25], indicating that the carbonyl 

(C=O) and C-O in the oil is retained in the methyl esters. These mid-infrared region peaks 

were absent in petrodiesel and their presence have been used [26] to confirm cases of 

adulteration in petrodiesel. 

The properties of the raw and refined oils are shown in Table 1. From the table, the 

viscosities of the raw and refined oils are 33.29 and 31.02 mms-1, respectively. These 

viscosity values are lower than the 49.9 and 37.06 mm2s-1 reported for soybean oil [19] and by 

far larger than the 1-6 mm2s-1 recommended for biodiesel by ASTM, and 3.5 –5.0 mm2s-1 

recommended by BIS standard [27]. 

 
Table 1. Some physicochemical properties of raw and refined MSO 

Properties Raw Oil Refined Oil 
Colour Golden yellow Golden yellow 
Specific Gravity 0.9138 0.9013 
Viscosity (mm2s-1) 33.29 31.02 
Iodine value (mgI/g sample) 121.8 119.29 
Acid value (mgKOH/g) 2.08 0.93 
Saponification value 192.5 191.6 
Flash Point (°C) 186 181 
Heat of Combustion (kJ/g) 38.74 38.43 
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The high viscosity of the triglycerides is a major contributing factor to the onset and 

severity of durability problems when using vegetable oils directly in diesel engines [28]. 

The acid value was significantly reduced in the refined oil to 0.93. The viscosity of the 

biodiesel produced at 27°C, as shown in Table 2, was 6.24mm2s-1 while that of petrodiesel 

was 4.43mm2s-1. The 6.24mm2s-1 reported in this work for biodiesel is within the limit 

recommended at 40°C for biodiesel and the 4.43 mm2s-1 for the commercial petrodiesel 

similar to 1.3 to 2.1mm2s-1 (at 40°C) that of low sulphur grade petrodiesel reported by 

Peterson et al [29] for eight biodiesel fuels from vegetable oils. Values as high as 6.8 and 

6.7mm2s-1 have been reported for cotton seed and rapeseed methyl esters at 21 and 40°C 

respectively [28]. The value also is a remarkable reduction to that of the refined oil and will 

give good atomization in diesel engines. 

The heat of combustion of 38.34 reported for MSO biodiesel is not significantly lower 

than that of the refined MSO, though it is lower than 42.89 obtained for the control, 

petrodiesel. It is also lower than 39.8 kJ/kg reported for sunflower and soybean [28]. 

 
Table 2. Fuel properties of the MSO-Biodiesel and commercial petrodiesel 

Properties  MSO-Biodiesel Petrodiesel ASTM Values 
Colour Clear yellow liquid Clear liquid - 
Sp. Gravity 0.8786 0.8347 0.8347 
Viscosity (Cst) 6.24 4.43 1.9-6.0 
pH 7.23 7.76 - 
Iodine Value 115.5 76.2 - 
Heat of Combustion 36.34 42.89 - 
Flash Point 148 79 ≥ 100.00 

 

Biodiesels have been reported to have slightly lower energy content per unit volume 

which tends to cause a corresponding reduction in maximum power, maximum toque, and 

fuel economy [30]. 

Specific gravity has been described as one of the most basic and most important 

properties of fuels [31] because of its correlation with cetane number, heating values and fuel 

storage and transportation [32-33]. The specific gravity obtained for the MSO biodiesel lies 

within the standard range of 0.87-0.90 [31] and slightly higher than the petrodiesel standard 

range of 0.81-0.86, as seen in Table 2. The petrodiesel used in this study gave specific gravity 

of 0.8347 that is 0.95003 times that of the MSO biodiesel. Similar trends had been reported 

by other workers [29, 31,32]. 
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The near-neutral pH of the biodiesel produced is a welcome development to 

circumvent the corrosion problems associated with extremes of pH in the metallic 

components of engines. Also, the flash point of 148°C obtained in the MSO biodiesel is 

within the ASTM standard, as seen in Table 2, and will not predispose the product to fire 

outbreak in case of accidents during haulage of the material as opposed to the petrodiesel 

flash point of 79. Vehicles used in transportation of petrodiesel usually catch fire when 

involved in accidents because of the low flash point of petrodiesel. 

 

 

Conclusions 

 

Melon seed oil has been used to produce methyl ester (biodiesel) and the 

characteristics of the product indicates that it is potential fatty oil for biodiesel production. 

There is now a growing list of various industrial applications of melon seed oil aside 

of its domestic use as a soup thickener in Nigeria and some other West African countries. 

 

 

References 

 

1. Shah S., Sharma S., Gupta M.N., Biodiesel Preparation by Lipase-Catalysed 

Transesterification of Jatropha Oil, Energy & Fuels, 2004, 18(1), p. 154-159. 

2. Wenzel B., Tait M., Modenes A., Kroumov A., Modelling Chemical Kinetics of 

Soyabean Oil Transesterification Process for Biodiesel Production: An Analysis of 

Molar Ratio between Alcohol and Soybean Oil Temperature Changes on the Process 

Conversion Rate, Bioautomation, 2006, 5, p. 13-22. 

3. Jaturong J., Boonyarach K., Kunchana B., Pramoch R., Peesamai J., Transesterification 

of Palm Kernel Oil and Coconut Oil by Different Solid Catalysts, Paper [3-023,(0)] 

Presented at The Joint International Conference on “Sustainable Energy and 

Environment (SEE)” 1-3 Dec. 2004, Hua Hin, Thailand. 



Fatty Acid Methyl Esters of Melon Seed Oil: Characterisation for Potential Diesel Fuel Application 

Paul Madus EJIKEME, Chinedum Anthony Cemauk EGBOUNU, Ikechukwu Daniel ANYAOGU, Valentine Chinaka EZE 
 

82 

4. Bamgboye A.I., Hansen A.C., Prediction of Cetane Number of Biodiesel Fuel from the 

Fatty Acid Methyl Ester (FAME) composition, International Agrophysics, 2008, 22, p. 

21-29. 

5. Sheehan J., Camobreco V., Duffield J., Graboski M., Shapouri H.; Life Cycle Inventory 

of Biodiesel and Petroleum Diesel for use in an Urban Bus, Final Report for U. S. Dept. 

of Energy’s Office of Fuel Development and the U.S. Dept. of Agricultures Office of 

Energy, by the National Renewable Energy Laboratory, NREL/SR-580-24089, May 

1998. 

6. Nitske W.R., Wilson C.M., Rudolf Diesel: Pioneer of the Age of Power, University of 

Oklahoma Press, 1965, p. 139. 

7. Fukuda H., Kondo A., Noda H., Biodiesel Fuel Production by Transesterification of 

Oils, Journal of Bioscience and Bioengineering, 2001, 92(5), p. 405-416. 

8. Encinar J.M., Gonzalez J.F., Rodriguez J.J., Tejedor A., Biodiesel Fuel from vegetable 

Oils: Transesterification of Cynara cardunculus L. Oils with Ethanol, Energy and 

Fuels, 2002, 16(2), p. 443-450. 

9. Knothe G., Steidley K.R., Kinematic Viscosity of Biodiesel Fuel Components and 

related Compounds. Influence of Compound Structure and Comparison to Petrodiesel 

Fuel Components, Fuel, 2005, 84(9), p. 1059-1065. 

10. Srivastava A., Prasad R., Triglycerides- based Diesel Fuels, Renewable and Sustainable 

Energy Reviews, 2000, 4(2), p. 111-133. 

11. Goering C.E., Combustion of Agriculturally Derived, Non Petroleum Fuel in Diesel 

Engines, Final Report, CR Grant No. 59-2171-0-2-090-0, U.S. Dept. Agric 

12. Schwab A.W., Bagby M.O., Freedman B., Preparation and properties of diesel fuels 

from vegetable oils, Fuel, 1987, 66, p. 1372-1338. 

13. Dos Anjos J.R.S., Gonzalez W.D.A., Lam Y.L., Frety R., Catalytic decomposition of 

vegetable oil, Applied Catalysis, 1983, 5, p. 299-308. 

14. Billaud F., Dominguez V., Broutin P., Busson C., Production of hydrocarbons by 

pyrolysis of methyl esters from rapeseed oil, Journal of the American Oil Chemists’ 

Society, 1995, 72, p. 1149-1154. 



 

Leonardo Journal of Sciences 

ISSN 1583-0233 

 Issue 18, January-June 2011 

p. 75-84 
 

83 

15. Goering B., US Department of Energy Seminar II, Vegetable Oil as Diesel Fuel, 1981 

16. Ma F., Hanna M.A., Biodiesel Production: A Review, Bioresource Technology, 1999, 

70, p. 1-15. 

17. Chhetri A.B., Tango M.S., Budge S.M., Watts K.C., Islam M.R., Non-Edible Plant Oils 

as New Sources for Biodiesel Production, International Journal of Molecular Sciences, 

2008, 9, p. 169-180. 

18. Ajiwe V.I.E., Nnabuenyi H.O., Enukora E., Testing of Biodiesel from Palm Oil, Palm 

Kernel Oil and Ground Palm Oil in a Ferrymann Diesel Engine, Proceedings of the 

NASEF’06 International Conference, Awka, Nigeria, 2006, p. 10-16. 

19. Ejikeme P.M., Fuel Properties of the Derivatives of Soybean Oil, Journal of the 

Chemical Society of Nigeria, 2008, 33(1), p. 145-149. 

20. Ejikeme P.M., Waste Vegetable Oil as Alternative to Diesel Fuel in Compression 

Ignition Engines, Book of Proceedings, International Workshop on Renewable Energy 

for Sustainable Development in Africa, National Centre for Energy Research and 

Development, UNN, 29th July-1st August 2007, p. 169-175. 

21. Gerpen, J.V., Biodiesel processing and production, Fuel processing Technology, 2005, 

86, p. 1097-1107. 

22. Ejikeme P.M., Ibemesi J.A. New Alkyd Resin, Systems from Blends of Melon Seed and 

Linseed Oils: The Case of Penthaerithritol as Polyhydric Alcohol, Journal of the 

Chemical Society of Nigeria, 2007, 32(2), p. 184-190. 

23. Ikwuagwu O.E., Ononogbu I.C., Njoku O.U., Production of Biodiesel using Rubber 

Seed Oil, Industrial Crops and Products, 2000, 12(1), p. 57-62. 

24. De Filippis P., Borgianni C., Paolucci M., Rapeseed Oil Transesterification Catalyzed 

by Sodium Phosphates, Energy and Fuels, 2005, 19(6), p. 2225-2228. 

25. Chien Y.-C., Lu M., Chai M., Boreo F.J., Characterization of Biodiesel and Biodiesel 

Particulate Matter by TG, TG­MS, and FTIR, Energy & Fuels, 2009, 23(1), p. 202-206. 

26. Biodiesel or FAME (Fatty Acid Methyl Ester): Mid-Infrared Determination of Ester 

Concentration in Diesel Fuel. Available at: 

www.pallp.com/product/petrospect/apps/biodiesel.htm. (Accessed 25th June 2006) 



Fatty Acid Methyl Esters of Melon Seed Oil: Characterisation for Potential Diesel Fuel Application 

Paul Madus EJIKEME, Chinedum Anthony Cemauk EGBOUNU, Ikechukwu Daniel ANYAOGU, Valentine Chinaka EZE 
 

84 

27. Chitra P., Venkatachalam P., Sampathrajan A., Optimization of Experimental 

Conditions for Biodiesel Production from Alkali-catalyzed Transesterification of 

Jatropha Curcas Oil, Energy for Sustainable Development, 2005, 9(3), p. 13-18. 

28. Knothe G., Dunn R.O., Bagby M.O., Biodiesel: The Use of Vegetable Oils and Their 

Derivatives as Alternative Diesel Fuels, in Fuels and Chemicals from Biomass, edited 

by B.C. Saha and J. Woodword, ACS Symposium Series 666, American Chemical 

Society, Washington, DC, 1997, p. 172-208. 

29. Perterson C.L., Cruz R.O., Perkings L., Korus R., Auld D.L., Transesterification of 

Vegetable Oils for Use as Diesel Fuel: A Progress Report, 1998, ASAE Paper No. 

PNWS90-610. ASAE St Joseph, MI 49085. 

30. Hasan A.R., Pope D., Skurla J.A., Alternatives for Petroleum Based Fuel for Marine 

Vessels, A Final Report submitted to Great Lakes Maritime Institute, 2006. 

31. Alamu O.J., Waheed M.A., Jekayinfa S.O., Alkali-Catalyzed Laboratory Production 

and Testing of Biodiesel from Nigerian Palm Kernel Oil, Agricultural Engineering 

International: The Commission Internationale du Genie Rural (CIGR) Journal of 

Scientific Research and Development, 2007, Manuscript No. EE 07 009, IX, p. 1-11. 

32. Ajav E.A., Akingbehin A.O., A Study of some Fuel Properties of Local Ethanol Blended 

with Diesel Fuel, Agricultural Engineering International: The CIGR Journal of 

Scientific Research and Development, 2002, vol IV, Manuscript No. EE 01 003. 

33. Yikan Y., Hansen A., Zhang Q., The Specific Gravity of Biodiesel Fuels and their 

Blends with Diesel Fuel, Agricultural Engineering International: The CIGR Journal of 

Scientific Research and Development, 2004, vol VI, Manuscript No. EE 04 004. 

 



<<
  /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


