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Abstract 

Sojic, b., Tomovic, V., Dzinic, N., Jokanovic, M., Ikonic, P., Skaljac, S., & Pavlic, B. (2019). Plant extracts as natu-
ral antioxidants in meat processing, Bulgarian  Journal of Agricultural Science, 25(Suppl. 1), 27–30

In response to recent claims that synthetic antioxidants have the potential to cause toxicological effects and consumers‘ 
increased interest in purchasing natural products, the meat industry has been seeking sources of natural antioxidants. Due to 
their high phenolic compound content, medicinal plants, spices and other plant materials provide a good alternative to con-
ventional antioxidants. Numerous studies have demonstrated the effi cacy of plant essential oil and plant extracts when used 
in meat products. Generally, essential oil and plant extracts, as natural antioxidants are added to fresh and processed meat and 
meat products to delay, or prevent lipid oxidation, rancidity, decrease microbial growth, improve colour stability and extend 
shelf-life, without any damage to the sensory or nutritional properties.
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Introduction

Meat products charachterised relatively high content of 
lipids. Lipids is responsible for various properties of meat and 
meat products. From a physiological point of view, lipids acts 
as a source of essential fatty acids and fat soluble vitamins and 
constitutes the most concentrated source of energy in a diet (9 
kcal/g). Furthermore, lipids affects flavor, texture, mouth feel, 
juiciness and overall sensation of lubricity of the product (Han-
sen et al., 2004; Zhao et al., 2011; Šojić et al., 2014). At the 
same time, meat products are susceptible to lipid oxidation that 
can deteriorate their sensorial properties by generating degrada-
tion compounds, which are associated to rancid taste and odour. 

Material and Methods

Lipid oxidation in meat products
Lipolysis is the fi rst step in the process of auto-oxida-

tion of free fatty acids. Moreover, the oxidative degradation 

of lipids of meat and meat products involves the oxidation 
of unsaturated fatty acids, especially polyunsaturated fatty 
acids and cholesterol (Šojić et al., 2014). Polyunsaturated 
fatty acids having three or more double bonds are primarily 
tied to phospholipids and are important for the development 
of the characteristic fl avor state of food. The free radicals 
formed in lipid oxidation (R•) react with oxygen producing 
peroxy radicals (ROO•). In this initial process ROO• react 
with several RH resulting in lipid hydroperoxides (ROOH), 
which are the main primary products of oxidation (Gande-
mer, 2002; Šojić et al., 2014). These are primary products of 
lipid oxidation and are relatively stable at moderate reaction 
conditions (low temperature/absence of prooxidative metal 
ions). However, because of the adverse conditions present 
in the muscle foods, the hydroperoxides become susceptible 
to further free radical chain reactions, such as isomerization 
and decomposition. This produces secondary products, in-
cluding pentanal, hexanal, 4-hydroxynonenal and malondi-
aldehyde. The last stage is known as termination reaction, 
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during which the free radicals react in various combinations 
to form stable products. Other unstable compounds are also 
formed during the termination reaction, which also affect 
the quality of meat products and give rise to an unpleasant 
fl avour (taste and odour). Many compounds formed during 
lipid oxidation (aldehydes, ketones) contribute off-odours 
that are perceptible at very low concentrations (Šojić et al., 
2014; Šojić et al., 2015). 

Lipid oxidation also increases the rate of metmyoglobin 
formation; metmyoglobin acts as a catalyst for lipid oxida-
tion, which further increases the rate of lipid oxidation and 
deterioration of product colour and fl avour occurs (Šojić et 
al., 2014; Tomović et al., 2017).

Thus, lipid oxidation is responsible for development of 
primary and secondary oxidation products, reduction in nu-
tritional quality, as well as changes in fl avour and colour, 
which can precipitate health hazards and economic losses in 
terms of inferior product quality.

Natural antioxidants
Antioxidants are chemical substances that at very low 

level retard the oxidation of easily oxidizable biomolecules 
(lipids and proteins) in different type of meat products, thus 
extend shelf life of products by protecting them against de-
terioration caused by oxidation. The addition of antioxidants 
in food is controlled by regulatory country laws or interna-
tional standards. Although there are many compounds that 
have been proposed to possess antioxidant potential to in-
hibit oxidative deterioration, just a few can be used in food 
products (Karre et al., 2013; Kumar et al., 2015). 

From a chemical standpoint, antioxidants are compounds 
or systems that delay process of autoxidation by: inhibit-
ing formation of free radicals or interrupting propagation 
of the free radical by one (or more) of several mechanisms: 
(1) scavenging species that initiate peroxidation, (2) chelat-
ing metal ions such that they are unable to generate reactive 
species or decompose lipid peroxides, (3) quenching ·O2

−, so 
preventing formation of peroxides, (4) breaking the autoxi-
dative chain reaction and/or (5) reducing localized O2 con-
centrations (Tomović et al., 2017). 

In the food industry, antioxidants can be divided into 
natural and synthetic antioxidants. BHA (butylated hy-
droxyanisole), BHT (butylated hydroxytoluene), PG (pro-
pyl gallate) and TBHQ (tert-butylhydroquinone) are the 
most common synthetic antioxidant in food (Šojić et al., 
2015). Ingredients isolated from natural sources which 
exhibit antioxidative potential in a food model system are 
considered as natural antioxidants and these compounds 
play an important role in the food industry (Tomović et al., 
2017). However, in past decade synthetic antioxidants have 

been identifi ed as toxicological and carcinogenic agents 
(Georgantelis et al., 2007; Šojić et al., 2015; Šojić et al., 
2017; Šojić et al., 2018; Zeng et al., 2016). For these rea-
sons, some synthetic antioxidants (BHA, BHT, PG and 
EDTA) are regulated by the law as direct food additives. 
Thus, the food industry now chooses natural products over 
synthetic ones. Consequently, the food market is demand-
ing natural antioxidants, free of synthetic additives and 
still capable of diminishing oxidation processes in high-fat 
meat and meat products (Kumar et al., 2015).

The plant kingdom is one of the most abundant source of 
natural antioxidants, which are abundantly present in spices 
(seeds), herbs and essential oils used in meat products for 
sensory enhancement (Tomović et al., 2017). 

Plants are persistently the generous source to supply man 
with valuable bioactive substances and thus different plant 
products are being evaluated as natural antioxidants to pre-
serve and improve the overall quality of meat and meat prod-
ucts. These natural antioxidants isolated from plants, in the 
form of extracts, have been obtained from different sources 
such as fruits (grapes, date, pomegranate, quinoa), vegeta-
bles, (broccoli, drumstick, potato, curry, pumpkin, nettle), 
spices and herbs (tea, rosemary, oregano, cinnamon, sage, 
thyme, mint, ginger, clove) and investigated to decrease 
process of lipid oxidation (Hromiš et al., 2013; Krkić et al., 
2013; Shah et al., 2014; Tomović et al., 2017). 

Antioxidant and fl avour components of herbs and spices 
can be removed or concentrated as: extracts, essential oils or 
resins. Extracts are soluble fractions and that can be removed 
from plans by solubilizing the components of interest in an 
aqueous, alcohol, lipid, solvent or supercritical CO2 phase, 
then removing it. Essential oils represent the volatile oils and 
often contain isoprenoid compounds. Chemically, essential 
oils are extremely complex mixtures containing compounds 
of every major functional group class. Plants also contain 
resins that are non-volatile, high molecular weight, amor-
phous solids, or semisolids that fl ow when subjected to heat 
or stress (Brewer, 2011; Tomović et al., 2017). Most resins 
are bicyclic terpenes (alpha and beta-pinene, delta-3 carene 
and sabinene), monocyclic terpenes (limonene and terpin-
olene) and tricyclic sesquiterpenes (longifolene, caryophyl-
lene and delta-cadinene). They are soluble in most organic 
solvents but not in water. Resins can contain small amounts 
of volatile phenolic compounds (Tomović et al., 2017).

Use of essential oil and plant extracts as natural antioxi-
dants in meat processing

The demonstrated effi cacy of essential oils and plant ex-
tracts as natural antioxidants to retard lipid oxidation, colour and 
fl avour deterioration in meat products has stimulated a broad 
interest within the meat industry to explore non-traditional food 
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ingredient strategies (Bao et al., 2008; Brannan, 2008; Camo 
et al., 2011; Gallo et al., 2012; Fasseas et al., 2008; Šojić et al., 
2018; da Silveira et al., 2017; Tomović et al., 2017). Effects of 
essential oils and plant extracts on lipid oxidation, development 
of rancidity and off-fl avours and colour stability have been 
demonstrated in numerous studies (Table 1).

Finally, when used as antioxidants for product quality 
preservation, these natural compounds can also be regarded 
as nutraceutical ingredients or supplements for health pro-
motion. Indeed, plant-derived antioxidants provide meat 
processors with the fl exibility to develop novel products 
with enhanced nutritional value and health benefi ts and an 
attractive overall quality profi le (Tomović et al., 2017).

Conclusions

In the past years, there has been a huge demand for natu-
ral antioxidants, mainly because of adverse toxicological re-
ports on many synthetic compounds. 

Natural antioxidants (essential oil and plant extracts) 
used in meat products for their fl avour, often contain high 
concentrations of phenolic compounds (phenolic acids, 
phenolic diterpenes, fl avonoids and volatile oils). Different 
solvents and methods can be utilized to prepare the plant 
extracts and the properties of an extract will depend on the 
method and solvent used for extraction. The fact that they are 
natural and have antioxidative and antimicrobial activity that 
is as good as or better than the synthetic antioxidants makes 
them particularly attractive for meat processors because of 
consumer demand for natural ingredients.

Acknowledgements
Research was fi nancially supported by the Ministry of 

Education, Science and Technological Development, Repub-
lic of Serbia, project TR31032. 

References

Bao, H. N., Ushio, H. & Ohshima, T. (2008). Antioxidative activ-
ity and antidiscoloration effi cacy of ergothioneine in mushroom 
(Flammulina velutipes) extract added to beef and fi sh meats. 
Journal of Agricultural and Food Chemistry, 56(21), 10032-
10040.

Brannan, R. G. (2008). Effect of grape seed extract on physico-
chemical properties of ground, salted, chicken thigh meat dur-
ing refrigerated storage at different relative humidity levels. 
Journal of Food Science, 73(1).

Brewer, M. S. (2011). Natural antioxidants: sources, compounds, 
mechanisms of action, and potential applications. Comprehen-
sive Reviews in Food Science and Food Safety, 10(4), 221-247.

Camo, J., Lorés, A., Djenane, D., Beltrán, J. A. & Roncalés, P. 
(2011). Display life of beef packaged with an antioxidant active 
fi lm as a function of the concentration of oregano extract. Meat 
Science, 88(1), 174-178.

da Silveira, S. M., Luciano, F. B., Fronza, N., Cunha Jr, A., 
Scheuermann, G. N. & Vieira, C. R. W. (2014). Chemical 
composition and antibacterial activity of Laurus nobilis essen-
tial oil towards foodborne pathogens and its application in fresh 
Tuscan sausage stored at 7 C. LWT-Food Science and Technol-
ogy, 59(1), 86-93.

Fasseas, M. K., Mountzouris, K. C., Tarantilis, P. A., Polissiou, 
M. & Zervas, G. (2008). Antioxidant activity in meat treated 
with oregano and sage essential oils. Food Chemistry, 106(3), 
1188-1194.

Gallo, M., Ferracane, R. & Naviglio, D. (2012). Antioxidant ad-
dition to prevent lipid and protein oxidation in chicken meat 
mixed with supercritical extracts of Echinacea angustifolia. The 
Journal of Supercritical Fluids, 72, 198-204.

Gandemer, G. (2002). Lipids in muscles and adipose tissues, 
changes during processing and sensory properties of meat prod-
ucts. Meat Science, 62(3), 309-321.

Georgantelis, D., Ambrosiadis, I., Katikou, P., Blekas, G. & 
Georgakis, S. A. (2007). Effect of rosemary extract, chito-
san and α-tocopherol on microbiological parameters and lipid 
oxidation of fresh pork sausages stored at 4 C. Meat Science, 
76(1), 172-181.

 Table 1. Natural antioxidants used to inhibit oxidation in processed meat products
Antioxidant category Meat/Meat products Reference
Caraway essential oil Dry fermented sausage Hromiš et al., 2013
Caraway essential oil Dry fermented sausage Krkić et al., 2013
Echinacea angustifolia extracts Cooked chicken meat Gallo et al., 2012
Grape seed extract Ground chicken thigh meat Brannan, 2008
Juniperus communis L. Cooked sausages Šojić et al., 2017
Laurus nobilis essential oil
Mushroom extract 

Fresh sausage
Beef and fi sh meat

da Silveira et al., 2017
Bao et al., 2008

Nutmeg Cooked sausage Šojić et al., 2015
Oregano and sage essential oils Ground meat Fasseas et al., 2008
Oregano extract Fresh beef steaks Camo et al., 2011
Sage essential oil Fresh pork sausages Šojić et al., 2018



30 Branislav Šojić et al.

Hansen, E., Juncher, D., Henckel, P., Karlsson, A., Bertelsen, G. 
& Skibsted, L. H. (2004). Oxidative stability of chilled pork 
chops following long term freeze storage. Meat Science, 68(3), 
479-484.

Hromiš, N. M., Šojić, B. V., Škaljac, S. B., Lazić, V. L., Džinić, N. 
R., Šuput, D. Z. & Popović, S. Z. (2013). Effect of chitosan-
caraway coating on color stability and lipid oxidation of tra-
ditional dry fermented sausage. Acta Periodica Technologica, 
(44), 57-65.

Karre, L., Lopez, K. & Getty, K. J. (2013). Natural antioxidants 
in meat and poultry products. Meat Science, 94(2), 220-227.

Krkić, N., Šojić, B., Lazić, V., Petrović, L., Mandić, A., Sedej, 
I. & Tomović, V. (2013). Lipid oxidative changes in chitosan-
oregano coated traditional dry fermented sausage Petrovská 
klobása. Meat Science, 93(3), 767-770.

Kumar, Y., Yadav, D. N., Ahmad, T. & Narsaiah, K. (2015). Re-
cent trends in the use of natural antioxidants for meat and meat 
products. Comprehensive Reviews in Food Science and Food 
Safety, 14(6), 796-812.

Shah, M. A., Bosco, S. J. D. & Mir, S. A. (2014). Plant extracts as 
natural antioxidants in meat and meat products. Meat Science, 
98(1), 21-33.

Šojić, B., Pavlić, B., Zeković, Z., Tomović, V., Ikonić, P., Kocić-
Tanackov, S. & Džinić, N. (2018). The effect of essential oil 
and extract from sage (Salvia offi cinalis L.) herbal dust (food 
industry by-product) on the oxidative and microbiological sta-
bility of fresh pork sausages. LWT, 89, 749-755.

Šojić, B. V., Petrović, L. S., Anamarija, M., Sedej, I. J., Džinić, 

N. R., Tomović, V. M., Jokanović, M. R., Tasić, T. A., Škaljac, 
S. B. & Ikonić, P. M. (2014). Lipid oxidative changes in tradi-
tional dry fermented sausage Petrovská klobása during storage. 
Hemijska Industrija, 68(1), 27.

Šojić, B., Tomović, V., Jokanović, M., Ikonić, P., Džinić, N., 
Kocić-Tanackov, S., Popović, Lj., Tasić, T., Savanocvić, J. 
& Živković Šojić, N (2017). Antioxidant Activity of Juniperus 
communis L. Essential Oil in Cooked Pork Sausages. Czech 
Journal of Food Science, 35(3).

Šojić, B., Tomović, V., Kocić-Tanackov, S., Škaljac, S., Ikonić, 
P., Džinić, N., Živković, N., Jokanović, M., Tasić, T. & 
Kravić, S. (2015). Effect of nutmeg (Myristica fragrans) es-
sential oil on the oxidative and microbial stability of cooked 
sausage during refrigerated storage. Food Control, 54, 282-286.

Tomović, V., Jokanović, M., Šojić, B., Škaljac, S. & Ivić, M. 
(2017, September). Plants as natural antioxidants for meat 
products. In: IOP Conference Series: Earth and Environmental 
Science (Vol. 85, No. 1, p. 012030). IOP Publishing.

Zhao, L., Jin, Y., Ma, C., Song, H., Li, H., Wang, Z. & Xiao, 
S. (2011). Physico-chemical characteristics and free fatty acid 
composition of dry fermented mutton sausages as affected by 
the use of various combinations of starter cultures and spices. 
Meat Science, 88(4), 761-766.

Zeng, X., Bai, W., Lu, C. & Dong, H. (2016). Effects of com-
posite natural antioxidants on the fat oxidation, textural and 
sensory properties of Cantonese sausages during storage. 
Journal of Food Processing and Preservation, doi:10.1111/
jfpp.13010.



<<
  /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


