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Abstract: The essential oil content and composition of “sweet marjoram” (Ma-
jorana hortensis Moench.) cultivated in the Kumaon region of the western Hi-
malayas was studied at different ages of the crop. The samples were taken after 
60, 90, 120 an d 150 day s of transplanting. The esse ntial o il contents vari ed 
from 0.20 to 0.70 %. The essential oil was analyzed by GC and GC–MS. Twenty 
eight components, representing 96.53–98.44 % of the oil, were identified. The  
major essential  oil co nstituents, viz., cis-sabinene hy drate ( 37.05–47.49 %), 
terpinen-4-ol (14.45–16.22 %) and trans-sabinene hydrate (5.81–6.97 %) showed 
considerable variation in their concentrations in relation to crop age. 

Keywords: Majorana hortensis; La miaceae; crop age; e ssential oil conte nt; 
GC–MS. 

INTRODUCTION 
Majorana hortensis Moen ch. co mmonly known as “sweet marjoram” is a 

member of the family Lamiaceae. It is a perennial herb native to Cyprus and east-
ern Mediterranean countrie s.1 The plant is propagate d by seeds and tender s tem 
cuttings. This plant is characterized by a strong, sweet, spicy pleasant odour. The 
leaves are used fresh or dried and are highly esteemed as a condiment for sea-
soning food products. The aerial parts of the plants are used for the isolation o f 
oil, which ha s many  uses in the flavou r, perfum ery and pharm aceutical indus-
tries. In the food ind ustry, it is mainly used as a spice in sausages, but its use in 
baked goods, processed vegetables, condime nts, soups, snack foods and gravie s 
has also been reported.2 In addition to this, marjoram is well known for its m edi-
cinal3 and insecticidal val ues.4 The pla nt is also repo rted to possess anticancer,5 
antioxidant6 and antifungal properties.7,8 

The essential oil com position of m arjoram was investigated by a num ber of 
workers in di fferent count ries9–19 but it has been the subject of li mited invest-
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tigation from India.20,21 The time of harvest or harvesting stage, in general, is in 
close relation to the yield and quality of the essential oil and it varies from place 
to place and from  plant to plant. 22–25 Therefore, it is essential to determ ine the 
proper harvesting time for aromatic plants to obtain a better y ield and quality of 
the essential oil. A review of the literature revealed that there are no reports on 
the effect of crop age on the yield and composition of the essential oil of M. hor-
tensis from the western Himalayas, India. Therefore, in the present investigation, 
the essential oils obtained from  crops of different a ge were co mpared for yield 
and chemical composition. 

EXPERIMENTAL 
Plant material 

M. hortensis ro oted cutting s w ere transplant ed in the experi mental field of  the Central 
Institute of Medicinal and Aromatic Plants (CIMAP), Resource Centre, Purara, Uttarakhand , 
on the 15th December, 2007, and the crop was raised following normal agricultural practices. 
Sampling was started after 60 day s (early vegetative st age) following tran splanting and the n 
taken every month at 30  days interval until 150 days (flowering stage). The soil pH, org anic 
carbon, available nitrogen, available phosphor us and available potassium of the experi mental 
site were 6.5, 0 .35 %, 175, 7 a nd 135 kg ha -1, respectively. The site i s located between th e 
coordinates 28°60’ to 31°29’ N, 77°49’ to 80°60’ E and at an altitude of 1 250 m in Kattyur 
Valley. Cli matologically, the site falls into  a sub-te mperate zone (1200– 1700 m) of th e 
western Himalaya, with the m onsoon usu ally breaking in June a nd conti nuing up to Se p-
tember. A vo ucher speci men of the pla nt wa s de posited in  the Herb arium of CIMAP, Re -
source Centre, Purara. 
Isolation of the essential oils 

Freshly harvested samples were immediately subjected to hydro-distillation in a Cleven-
ger ty pe apparatus for 3 h for extraction of the essential oi l. The oils were collecte d, de -
hydrated with anhydrous sodium sulphate, measured and  kept cool  in th e dark prior to a na-
lysis. 
Gas chromatography (GC) 

GC analyses of the oil samples was realised using either a Perkin-Elmer Auto XL GC or 
a Nucon ga s c hromatograph model 5765 eq uipped with FI Ds and two dif ferent stationar y 
phases, PE-5 (50 m×0.32 mm, 0.25 µm  fil m coating) and BP-20 (coated with a Carbow ax 
20M, 30  m×0.32 mm ×0.25 µ m fil m thickness) fu sed silica capillary  colu mns, respectiv ely. 
Hydrogen was the carrier gas at a flow rate o f 1.0 mL/min. The te mperature of the colu mns 
was programmed from 100 to 280 °C at 3 ° C/min (for the PE -5) and fro m 70 to 230 ° C at 4 
°C/min (for the  BP-20). The inj ector and det ector temperatures were 220 and 300 ° C on t he 
PE-5 and 200 and 230 °C on the BP-20 columns, respectively. The injection volume was 0.02 
µL neat and the split ratio was 1:30. 
Gas chromatography – mass spectrometry (GC–MS) 

The GC–MS spectra were recorded on a Perkin–Elmer Auto System XL GC coupled to a 
turbo mass spectrometer, usin g a fused silica capillary  colu mn, PE-5 (50 m×0.32 mm, film 
thickness 0.25 μm). The colu mn te mperature wa s progra mmed 100– 280 °C at  3 ° C / min, 
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using helium as the carrier gas at a constant pr essure of 69 kPa. The MS conditions were: E I 
mode, 70 eV; ion source temperature, 250 °C. 
Identification of compounds 

The identification was realised based on the retention time, the Kovats Index, an MS Li-
brary search (NIST & Wiley), the n-alkane (C9–C22) hydrocarbon pattern (Nile, Italy) and by 
comparing the mass spectra with MS literatur e data. 26,27 The relative a mounts of the indi vi-
dual components were calculated based on the GC peak areas without using correction factors. 

RESULTS AND DISCUSSION 

The essential oil y ield and terpenoids composition together with the crop ag e/ 
/phenological stage are pre sented in Table I. The M. hortensis crop harvested at  
150 days, flowering stage, produced a h igher yield of essential oil (0.70 %) than 
those harvested at 120 day s (flower initia tion; 0.66 %), 90 day s (late vegetative 
stage; 0.32 %) and 60 days (early vegetative stage; 0.20 % ). Apparently, the d y-
namics of the  essential oil content in marjoram is metabolically regulated during 
the vegetative and flowering stages of crop growth. In most aromatic plants, the 
essential oil preferentially accu mulates during the flowering stage, probably due  
to its ecologi cal role in att racting pollinators and as a defence mechanism. A s i-
milar variation in the essential oil content was registered for other aromatic 
crops.23–25 Twenty-eight co mpounds, co mprising 96.53–98.44 %  of the total, 
were identifi ed with the help of GC and GC–MS (Table I). The chem ical for-
mulae of the major components, compounds 1–3, are shown in Fig. 1. 

TABLE I. Com position (%) of the es sential oil of Sweet marjoram ( Majorana hortensis 
Moench.) at different ages/stages from India (t = trace (<0.1 %)) 

Compounda KIb KIc 
Phenological stage/crop aged, days 

Detectione EVS LVS FI FS 
60 90 120 150 

α-Pinene 1022 935 1.03 0.85 0.73 1.35 A,B,C 
β-Pinene 1105 980 0.12 0.10 0.06 0.09 A,B 
Sabinene  1119 974 4.59 4.98 5.01 7.64 A,B,C 
β-Myrcene  1163 989 1.05 1.30 1.44 2.22 A,B 
α-Terpinene 1177 1021 2.01 2.89 2.81 5.85 A,B 
Limonene 1194 1030 0.99 1.07 0.99 1.51 A,B 
1,8-Cineole 1204 1035 0.96 1.16 0.80 0.86 A,B 
γ-Terpinene 1244 1062 4.06 5.20 5.77 8.66 A,B,C 
(E)-β-Ocimene 1244  1047 0.27 0.23 – – A,B 
p-Cymene 1271 1025 2.81 1.13 0.64 0.52 A,B,C 
α-Terpinolene  1079 1090 0.96 1.15 1.19 2.33 A,B 
3-Octanol – 993 0.64 0.67 0.15 t A,B 
1-Octen-3-ol 1411  978 t 0.16 – t A,B 
trans-Sabinene hydratef 1463 1068 6.08 5.81 6.12 6.97 A,B 
Camphor  1506 1146 0.38 0.52 1.48 0.42 A,B,C 
cis-Sabinene hydratef – 1097 44.90 47.89 44.79 37.05 A,B 
Linalool 1538 1098 1.30 1.20 1.27 0.81 A,B,C 
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TABLE I. Continued 

Compounda KIb KIc 
Phenological stage/crop aged, days

Detectione EVS LVS FI FS 
60 90 120 150 

Linalyl acetate – 1257 0.16 0.06 0.04 0.04 A,B 
Bornyl acetate 1558 1285 – – t t A,B 
β-Caryophyllene 1594 1419 2.04 1.56 2.11 1.18 A,B 
Terpinen-4-ol 1604 1177 14.45 14.76 16.22 15.36 A,B 
α-Humulene 1669 1462 0.24 0.20 0.26 0.17 A,B 
α-Terpineol 1701 1188 2.88 3.28 3.85 3.68 A,B 
Piperitone – 1252 2.84 1.87 1.67 0.50 A,B 
Geraniol 1830  1237 0.61 0.40 t t A,B,C 
β-Caryophyllene oxide 1995 1584 1.16 t t 0.76 A,B 
Thymol  2209 1313 – – – t A,B 
Carvacrol  2243 1315 – – – t A,B 

Class composition 
Monoterpene 
hydrocarbons 

– – 15.08 17.77 18.0 29.65 – 

Oxygenated 
monoterpenes 

– – 74.56 76.95 76.24 65.69 – 

Sesquiterpene 
hydrocarbons 

– – 2.28 1.76 2.37 1.35 – 

Aliphatic compounds – – 0.64 0.83 0.15 t – 
Phenolic monoterpenes – – 2.81 1.13 0.64 0.52 – 
Others  – – 1.16 t t 0.76 – 
Total terpenoids/ % – – 96.53 98.44 97.40 97.97 – 
Oil content/ % of fresh 
weight 

– – 0.2 0.32 0.66 0.70 – 

aCompounds ar e listed in the or der of elutio n from a polar colu mn (BP-20); b
KI lite rature (BP-20); c

KI cal -
culated (PE-5); dEVS = early vegetative stage, LVS = late vegeta tive stage, FI = f lower initiation and FS = flo-
wering stag e (b loom); eA = Kovats  index, B = GC–MS, C = co-injec tion with authenti c sa mple; fcis/trans 
related to methyl vs. isopropyl groups 

 
Fig. 1. The chemical formulae of the major components identified in the essential oil. 
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The obtained results cle arly indicate that there wer e considerable variations 
in the qualitative co mposition of the oils obtained from crops of different ages.  
The oils were dominated by oxygenated monoterpenes (65.69–76.95 %) with the 
maximum at 90 (late vegetative stage) and 120 days (flower initiation). On the 
other hand, monoterpene hydrocarbons were found to be increased with advan-
cement of the crop age (15.08 –29.65 %) and attain ed the maximum at 150 day s 
(flowering stage). The major components of these oils were cis-sabinene hydrate 
(1, 37.0 5–47.89 % ), trans-sabinene hydrate ( 2, 5.8 1–6.97 % ), terpinen-4-ol (3, 
14.45–16.22 %), sabinene (4.59–7.64 %), α-terpinene (2.01–5.85 %), γ-terpinene 
(4.06–8.66 %) and α-terpineol (2.88–3.85 %). The percent of cis-sabinene hyd-
rate (47.89 %) and 3-octanol (0.67 %) were found to b e higher in 90 -day followed 
by in 6 0-day old crops (44 .90 and 0 .64 %, respectively), while their lowest per-
cent were recorded at the flowering stage, i.e., after 150 days (37.05 % and trace, 
respectively). However, the amount of terpinen-4-ol and α-terpineol reached higher 
values during the flower initiation stage, i.e., at 120 days (16.22 and 3.85 %, res-
pectively) an d started to decline as the flowering advanced. The am ounts of 
trans-sabinene hydrate (6.97 %), α-pinene (1.35 %), sabinene (7.64 %), myrcene 
(2.22 %), α-terpinene (5.85 %), limonene (1.51 %), γ-terpinene (8.66 %) and α- 
-terpinolene (2.33 %) were higher at 1 50 days than a t any other crop age. Fur-
thermore, the registered pe rcents of β-pinene (0.12 %), ( E)-β-ocimene (0.27 %), 
p-cymene (2.81 %), linalool (1.30 %), lina lyl acetate  (0.16 %), piperitone (2.84 
%), geraniol (0.61 %) and β-caryophyllene oxide (1.16 %) were relatively higher 
in the crop harvested after 60 days after transplanting. 

The experiments performed under c ontrolled as well as under field condi-
tions indicated the influence of environmental factors, such as light, tem perature, 
etc. on the monoterpene metabolism of aromatic crops, which resulted in marked 
variations in their essential oil com positions.28–31 Therefore, thes e variations in 
the essential oil content and com position of M. hortensis might be due to varia-
tion in enzyme levels an d their pool sizes in response to changi ng weather con-
ditions during different months. 

CONCLUSIONS 

The sweet marjoram grown in the hill y tracks of northern India belongs to 
the cis-sabinene hydrate chemotype. Based on the e ssential oil content, the flo-
wering stage (150 days) could be considered as the best harvesting time for sweet 
marjoram, but the flavour compounds of marjoram consist mainly of light oxyge-
nated compounds; reports  concerning t his oil alwa ys refer to cis-sabinene hyd-
rate,32 the content of whic h was lowest  at da y 150. Therefore, it is judicious to 
harvest and distil M. hortensis crop at the flower initiation stage, i.e., at day 12 0 
under the sub-temperate conditions of north India in order to obtain a good yield 
of quality oil. 
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И З В О Д  

ПРОМЕНА САСТАВА ЕТАРСКОГ УЉА ТОКОМ РАСТА БИЉКЕ 
Majorana hortensis Moench. ИЗ ИНДИЈЕ  

RAM S. VERMA, RAJESH K. VERMA, AMIT CHAUHAN и AJAI K. YADAV 

Central Institute of Medicinal and Aromatic Plants, Resource Centre Purara, 
P.O. – Gagrigole, Bageshwar, Uttrakhand-263688, India 

Испитиван је састав етарског уља „слатког мајорана“ (Majorana hortensis Moench.) гаје-
ног у области Кумаон у западним Хималајима, у различитим периодима раста. Узорци су са-
купљани после 60, 90, 120 и 150 дана од пресађивања. Количина етарског уља у биљци је 
варирала од 0,20 до 0,70 %. Етарско уље је анализирано методама GC и GC–MS. Идентифи-
ковано је двадесет осам састојака који су чинили укупно 96,53–98,44 % етарског уља. Главни 
састојци етарског уља су били cis-сабинен-хидрат (37,05–4 7,49 %), терпинен-4-ол (14,45–  
–16,22 %) и trans-сабинен-хидрат (5,81– 6,97 %). Њихов удео се знатно мењао са старењем 
биљке. 

(Примљено 14. августа, ревидирано 7. октобра 2009) 

REFERENCES 
1. J. H. Ietswaart,  A taxonomic revision of the genus Origanum (Labiatae), Leiden Univer-

sity Press, Leiden, 1980 
2. Fenaroli’s handbook of flavour ingredients Vol. 1: Natural flavours, 3rd ed., G. A. Bur-

dock, Ed., CRC Press, Boca Raton, FL, 1995 
3. A. Chevallier, The encyclopaedia of medicinal plants, Dorling Kindersley, London, 1996 
4. M. A. Abbassy, S. A. M. Abdelgaleil, R. Y. A. Rabie, Ent. Exp. Appl. 131 (2009) 225 
5. J. L. Hartwell, Lloydia, 32 (1969) 247 
6. A. H. EI-Ghorab, A. F. Mansour, K. F. El-Massry, Flavour Fragrance J. 19 (2004) 54 
7. A. F. Afifi, A. E. Dowidar, J. Physiol. Sci. 3 (1976) 81 
8. J. S. Pruthi, Spice and condiments: chemistry, microbiology, technology, Academic Press, 

New York, 1980, p. 221 
9. B. M. Lawrence, Perfum. Flavor. 14 (1989) 29 

10. I. Nykanen, Z. Lebensm. Unters. Forsch. 183 (1986) 267 
11. M. E. Ko maitis, N. Infanti-Papatragianni, E . Melissari-Pan agiotou, Food Chem. 45 

(1992) 117 
12. K. H. C Baser, N. Kirimer, G. Tumen, J. Essent. Oil Res. 5 (1993) 577 
13. R. R. Vera, J. Chan Ming, Food Chem. 66 (1999) 143 
14. E. Sarer, J. J. C. Scheffer, A. B. Svedsen, Planta Med. 46 (1982) 236 
15. E. A. Omer, H. E. Ouda, S. S. Ahmed, J. Herbs Spices Med. Plants 2 (1994) 9 
16. A. M. Refa at, Ph.D. Thesis, Faculty of Agriculture, Ain Sha ms University, Cairo, 1988 , 

p. 163 
17. N. Arnold, B. Bellomaria, G. Valentini, J. Essent. Oil Res. 5 (1993) 71 
18. G. Circella, C. Franz, J. Novak, H. Resh, Flavour Fragrance J. 10 (1995) 371 
19. J. Novak, J. Langbehn, F. Pank, C. M. Franz, Flav. Fragr. J. 17 (2002) 175 

___________________________________________________________________________________________________________________________
Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS



 SWEET MARJORAM ESSENTIAL OIL FROM INDIA 447 

20. A. C. Mishra, K. S. Negi, P. Suneja, M. L. Maheshwari, Indian Perfum. 48 (2004) 41 
21. G. R. Mallavarapu, R. N. Kulkarni, S. Ramesh, Indian Perfum. 37 (1993) 81 
22. S. D. Bharadwaj, L. J. Srivastava, Indian Perfum. 28 (1984) 38 
23. S. K. Lattoo, R. S. Dhar, A. K. Dhar, P. R. Sharma, S. G. Agarwal, Flavour Fragrance J. 

21 (2006) 817 
24. S. Maric, M. Maksimovic, M. Milos, J. Essent. Oil Res. 18, (2006) 178 
25. M. Moghaddam, R. Omidbiagi, J. Essent. Oil Res. 19 (2007) 18 
26. W. Jennings, T. Shiba moto, Qualitative analysis of flavour and fragrance volatiles by 

glass capillary gas chromatography, Academic Press, New York, 1989 
27. R. P.  Ada ms, Identification of essential oil components by Gas chromatography/quad-

rupole mass spectroscopy, Allured Publishing Corp., Carol Stream, IL, 2001 
28. R. J. Clark, R. C. Menary, Aust. J. Plant Physiol. 7 (1980) 685 
29. D. E. Lincoln, J. H. Langenheim, Biochem. Syst. Ecol. 6 (1978) 21 
30. B. Voirin, N. Brun, C. Bayet, Phytochemistry 29 (1990) 749 
31. S. Halva, L. E. Craker, J. E. Simon, D. J. Charles, J. Herbs Spices Med. Plants 1 (1992) 47 
32. S. Nitz, H. Kollmannsberger, M. Punkert, Chem. Mikrobiol. Technol. Lebensm. 14 (1992) 

108. 

___________________________________________________________________________________________________________________________
Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS



<<
  /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




