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Abstract The effects of temporary immersion system

(TIS) culture on the growth and quality of Siraitia gros-

venorii plantlets were investigated. The TIS promoted the

growth and quality of S. grosvenorii plantlets. Proliferation

rate, shoot length, fresh weight (FW) and dry weight (DW)

of shoots, and total biomass production were significantly

(P B 0.05) higher in the TIS than in gelled and liquid

medium, respectively. The TIS also decreased callus for-

mation at the base of shoots. Callus diameter was signifi-

cantly (P B 0.05) lower in the TIS (3.30 mm) than in

gelled medium (6.31 mm) and liquid medium (6.77 mm),

respectively. FW (50.83 mg) and DW (7.08 mg) of callus

in the TIS were also significantly (P B 0.05) lower than

those in gelled medium (80.00 and 10.56 mg, respectively)

and liquid medium (218.75 and 23.75 mg, respectively).

During rhizogenesis, minimal callus was evident at the base

of shoots in the TIS, with a well-developed root system.

However, the plantlets in gelled medium just produced

thick, brown and easily broken roots with obvious callus and

fewer secondary roots. The natural-like plantlets of

S. grosvenorii obtained in the TIS would probably have

positive effects on ex vitro rooting and transplanting in

large-scale commercial production.
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Abbreviations

BAP 6-Benzylaminopurine

DW Dry weight

ETR Electron transfer rate

Fv/Fm Maximal photochemical efficiency of PSII

FW Fresh weight

MS Murashige and Skoog (1962) (medium)

NAA Naphthalene acetic acid

PA Photoautotrophic micropropagation

PM Photomixotrophic micropropagation

TIS Temporary immersion system

Siraitia grosvenorii (Swingle) C. Jeffrey is a herbaceous

perennial vine that belongs to the genus Siraitia of the

family Cucurbitaceae, and is mainly distributed in Yongfu

County of Guangxi Province, China. Its fruit, called Monk

fruit or East supernatural fruit, is a remedy for alleviating

sunstroke, nourishing the lungs, removing phlegm, stopping

coughing and aiding defaecation (Dai and Liu 1999).

Moreover, key components of S. grosvenorii fruit act as an

antioxidant (Shi et al. 1996), help to prevent cancer

(Konoshima and Takasaki 2002) and are useful against the

Epstein–Barr virus (Akihisa et al. 2007). The plant also

contains a glycoprotein called momorgrosvin, which has

been shown to inhibit ribosomal protein synthesis (Tsang

and Ng 2001).

Conventional propagation of S. grosvenorii by using

cuttings is time consuming and sensitive to viral disease

infections, which degrade the cultivars and dramatically

decrease yield. In recent years, plant tissue culture has been

shown to be superior to traditional propagation methods for

S. grosvenorii plantlet mass production, since the first
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successful report on micropropagation of S. grosvenorii

(Lin and Wang 1980). However, propagation of in vitro

S. grosvenorii plantlets in fields showed some disadvan-

tages such as low transplant survival rate and low yield

after transplantation, raising doubt as to the quality of

S. grosvenorii plantlets. It has been observed that massive

callus formation happens at the base of shoots grown on

both proliferation medium and rooting medium, but this

was considered to be unavoidable in the micropropagation

of S. grosvenorii (Lin et al. 2003). In order to solve the

problem of callus formation and improve the quality of

plantlets in S. grosvenorii micropropagation, photoauto-

trophic micropropagation (PM) of S. grosvenorii (Zhang

et al. 2009) and ex vitro rooting methods (Yan et al. 2010)

have been explored. Previous results indicated that plant-

lets developed via ex vitro rooting methods had an exten-

sive root system with many secondary roots and without

callus growth at the base of plantlets, just like the natural

root system of S. grosvenorii (Yan et al. 2010).

The temporary immersion system (TIS), which is based

on the principle that temporary contact between plants and

liquid medium is preferable to permanent contact, has been

extensively used for micropropagation (Alvard et al. 1993;

Cabasson et al. 1997; Lorenzo et al. 1998; Martre et al.

2001; Wawrosch et al. 2005; Thomas et al. 2008; Alonso

et al. 2009). Compared with gelled and liquid culture, the

TIS has been proven to have quantitative advantages such

as higher proliferation rate, higher somatic embryogenesis,

improved morphological characteristics and reduced pro-

duction cost (Etienne and Berthouly 2002). However, mi-

cropropagation of S. grosvenorii using a TIS has never

been reported before. This research was conducted to

improve the growth and quality of S. grosvenorii plantlets.

Single-node microcuttings obtained from in vitro shoots

of S. grosvenorii were used in all experiments. In vitro

shoot regeneration methods have already been established

(Yan et al. 2010). In the first experiment, the results for

shoot proliferation obtained in gelled and liquid culture

were compared with those achieved in the TIS. As the

gelled medium for proliferation, Murashige and Skoog

(1962) (MS) medium was used, supplemented with 0.1 mg/

l 6-benzylaminopurine (BAP), 0.01 mg/l naphthalene ace-

tic acid (NAA), 3% (w/v) sucrose and 4.0 g/l agar. The

liquid and TIS medium for proliferation were the same as

for gelled culture but without the 4.0 g/l agar. In the second

experiment, the effects of different culture systems (viz.,

gelled, liquid and TIS) on rooting were compared. The

gelled medium for rooting was the MS medium supple-

mented with 0.1 mg/l NAA, 3% (w/v) sucrose and 4.0 g/l

agar. The liquid and TIS medium for rooting were the same

as for gelled culture but without the 4.0 g/l agar. For the

gelled and liquid culture, about 35 ml medium was dis-

pensed into glass vessels (90 mm height, 64 mm diameter).

The TIS used Plantima containers (A-Tech Bioscientific

Co., Ltd., Taipei, Taiwan) with 250 ml medium in each

container. The container comprises two compartments, an

upper one with the plants and a lower one with the med-

ium. Application of pressure in the lower compartment

pushes the medium into the upper one. Plants are immersed

as long as forced pressure is applied. During the immersion

period, air is bubbled through the medium, gently agitating

the tissues and renewing the air in the head space inside the

culture container, with the forced pressure escaping

through outlets in the upper part of the container. The

explants were immersed for 4 min every 4 h by forced

pressure, which propelled the liquid towards the plant

material. The pH of all above-mentioned media was

adjusted to 5.8 ± 0.1 before autoclaving at 121�C for

20 min. All cultures were incubated at 25 ± 1�C under 12/

12 h (day/night) photoperiod with light supplied by white

fluorescent tubes (25 lmol/m2/s). After in vitro culture for

6 weeks, shoot length, proliferation rate, rooting percent-

age, callus diameter, fresh weight (FW), dry weight (DW),

maximal photochemical efficiency of PSII (Fv/Fm) and

electron transfer rate (ETR) were determined. Shoot length

was measured from the apical shoot tip to the base of the

shoot. FW and DW per plantlet were calculated by sum-

ming FW and DW of the shoot, callus and adventitious

roots, respectively. The Fv/Fm and ETR of the third leaf

from the apex were measured and calculated with a PAM-

2000 portable chlorophyll fluorometer (Walz, Effeltrich,

Germany).

There were three replicates for each treatment, and for

each replicate, 18 single-node microcuttings were used. All

statistical analyses were done using SAS software (version

8.01). Data are presented as mean ± standard error, and

differences between the culture systems were compared by

t test.

The TIS clearly promoted shoot formation (Fig. 1a).

Proliferation rate and shoot length in the TIS were signif-

icantly (P B 0.05) higher than those in gelled and liquid

medium, respectively, as shown by proliferation rate (2.49

and 6.79 greater than those in gelled and liquid medium,

respectively) and shoot length (3.39 and 8.39 greater than

those in gelled and liquid medium, respectively; Table 1).

Similar results are shown in Table 2. FW (501.25 mg) and

DW (60.83 mg) of shoots in the TIS were also significantly

higher than those in gelled medium (168.89 and 21.94 mg,

respectively) and those in liquid medium (76.48 and

9.26 mg, respectively; Table 1). The positive effects of the

TIS on shoot growth have been demonstrated by many

authors in earlier studies (Alvard et al. 1993; Lorenzo et al.

1998; Etienne and Berthouly 2002; Escalona et al. 2003).

Under the same growth conditions, plantlets in the TIS

showed a significant (P B 0.05) increase in total biomass

production, expressed as DW and FW per plantlet
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(Tables 1 and 2). Alonso et al. (2009) confirmed that the

TIS was a promising method for biomass production of

Digitalis purpurea by in vitro shoot multiplication. The

most important reason for the efficiency of the TIS is that it

combines the advantages of both gelled culture (gas

exchange) and liquid culture (increased nutrient uptake),

which improves the growth of the plantlets (Etienne and

Berthouly 2002).

In contrast with the plantlets of S. grosvenorii produced

in gelled and liquid culture, natural-like plantlets were

produced in the TIS, as indicated by grown natural-like

leaves and stems (Fig. 1b). It was also found that Fv/Fm

and ETR in the TIS were slightly higher than those in

gelled and liquid medium, respectively (data not shown),

which suggested that plantlets obtained in the TIS have

more functional photosynthetic leaves. Calathea plants

Fig. 1 a S. grosvenorii plantlets produced in gelled, liquid and TIS

proliferation medium after 6 weeks of culture. b Natural-like plantlets

produced in the TIS proliferation medium after 6 weeks of culture.

c Adventitious roots produced in the TIS rooting medium.

d Adventitious roots and callus produced in gelled rooting medium.

e The base of an in vitro shoot surrounded by massive callus in liquid

rooting medium (bar = 2 cm)

Table 1 Comparative effects of gelled, liquid and temporary immersion system (TIS) on Siraitia grosvenorii shoot proliferation with 6 weeks of

culture

Culture method Proliferation rate Shoot length (cm) Callus diameter (mm) Callus

FW (mg) DW (mg) FW/DW

Gelled 3.72 ± 0.32 b* 5.57 ± 0.82 b 6.31 ± 0.53 a 80.00 ± 4.41 b 10.56 ± 1.73 b 7.67 ± 0.80 b

Liquid 1.30 ± 0.42 c 2.22 ± 0.97 c 6.77 ± 0.33 a 218.75 ± 9.25 a 23.75 ± 1.65 a 9.22 ± 0.26 a

TIS 8.75 ± 0.38 a 18.36 ± 1.07 a 3.30 ± 0.38 b 50.83 ± 12.77 c 7.08 ± 1.91 b 7.20 ± 0.32 b

Culture method Shoot Per plantlet

FW (mg) DW (mg) FW/DW FW (mg) DW (mg) FW/DW

Gelled 168.89 ± 13.80 b 21.94 ± 1.27 b 7.69 ± 0.19 a 267.50 ± 13.10 b 34.44 ± 1.73 b 8.10 ± 0.64 b

Liquid 76.48 ± 34.45 c 9.26 ± 3.94 c 8.25 ± 0.57 a 295.23 ± 36.64 b 33.01 ± 4.31 b 7.77 ± 0.35 b

TIS 501.25 ± 6.96 a 60.83 ± 6.29 a 8.29 ± 0.73 a 598.75 ± 11.92 a 74.17 ± 4.39 a 8.95 ± 0.07 a

* Values with different letter within the same column are significantly different (P B 0.05)
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produced by TIS presented more functional photosynthetic

and respiratory apparatus, and could adapt more success-

fully to environmental changes during ex vitro acclimati-

zation (Yang and Yeh 2008).

The TIS also decreased callus formation at the base of

shoots and promoted a well-developed root system. Callus

diameter was significantly (P B 0.05) lower in the TIS

(3.30 mm) than in gelled medium (6.31 mm) and liquid

medium (6.77 mm). FW (50.83 mg) and DW (7.08 mg) of

callus in the TIS were also significantly (P B 0.05) lower

than those in gelled medium (80.00 and 10.56 mg,

respectively) and those in liquid medium (218.75 and

23.75 mg, respectively; Table 1). In the rooting medium,

callus diameter was also significantly (P B 0.05) lower in

the TIS than those in gelled and liquid medium (Table 2).

Minimal callus was evident at the base of shoots in the TIS,

with a well-developed root system (Fig. 1c). McAlister

et al. (2005) also reported that there is minimal callus

evident at the base of plantlet stems in the TIS, compared

with that in the gelled system. However, the plantlets in

gelled medium just produced thick, brown and easily

broken roots with obvious callus and fewer secondary roots

(Fig. 1d), which caused problems (such as difficulty of

transplanting owing to massive callus, easily broken roots

when washing off the agar and longer time for the trans-

plant survival) at the acclimatization stage. In the liquid

medium, the base of many plantlets was surrounded by

massive callus, which resulted in stunted shoot growth

(Fig. 1e). The ventilation in the culture vessels probably

affected the quality of the root system (Jackson 2003).

Zhang et al. (2009) reported that, compared with the

photomixotrophic micropropagation (PM) plantlets of

S. grosvenorii grown on sucrose-containing medium without

forced ventilation, PA plantlets with forced ventilated CO2

as carbon source had a more developed rooting system,

better shoots and no callus at the base of shoots. The poor

rooting of sweet potato in vitro shoots partially resulted

from low dissolved oxygen concentration around the shoot

base in the agar medium (Zobayed et al. 1999). Similarly,

in the liquid medium, the base of shoots was totally

immersed in the liquid medium during the whole culture

period, and so the concentration of oxygen around the root

system was also limited. However, renewal of the head

space in the TIS with every immersion led to higher oxygen

concentration (Roels et al. 2006), which probably con-

tributed to the well-developed root formation of S. gros-

venorii plantlets.

In conclusion, by the combination of adequate culture

ventilation and intermittent contact between shoots and the

liquid medium, the microenvironment inside the temporary

immersion container was improved, which contributed to

improved shoot and root formation of S. grosvenorii. The

natural-like plantlets of S. grosvenorii obtained in the TIS

would probably have positive effects on ex vitro rooting

and transplanting in large-scale commercial production.

Acknowledgments This research was financially supported by the

Innovation Foundation for PhD of Guangxi University

(200810593090101D020), and the Research Foundation granted by

the Guangxi Academy of Agricultural Sciences (200814 JI), Nanning,

Guangxi, China. Comments and suggestions on the manuscript from

the editor, the associate editor and three anonymous reviewers are

gratefully acknowledged. We are also grateful to Prof. Toyoki Kozai

in Japan and Dr. Manoj Kumar Srivastava from India for their kind

help in going through and polishing the manuscript.

References

Akihisa T, Hayakawa Y, Tokuda H, Banno N, Shimizu N, Suzuki T,

Kimura Y (2007) Cucurbitane glycosides from the fruits of

Siraitia grosvenorii and their inhibitory effects on Epstein-Barr

virus activation. J Nat Prod 70(5):783–788

Alonso NP, Wilken D, Gerth A, Jahn A, Michael H, Kerns G, Perez

AC, Jimenez E (2009) Cardiotonic glycosides from biomass of

Digitalis purpurea L. cultured in temporary immersion systems.

Plant Cell Tiss Organ Cult 99:151–156

Alvard D, Cote F, Teisson C (1993) Comparison of methods of liquid

medium culture for banana micropropagation. Plant Cell Tiss

Organ Cult 32:55–60

Cabasson C, Alvard D, Dambier D, Ollitrault P, Teisson C (1997)

Improvement of citrus somatic embryo development by tempo-

rary immersion. Plant Cell Tiss Organ Cult 50:33–37

Dai YF, Liu CJ (1999) Fruits as medicine: a safe and cheap form of

traditional Chinese food therapy. Pelanduk, Malaysia

Escalona M, Samson G, Borroto C, Desjardins Y (2003) Physiology of

effects of temporary immersion bioreactors on micropropagated

pineapple plantlets. In Vitro Cell Dev Biol-Plant 39:651–656

Table 2 Comparative effects of gelled, liquid and temporary immersion system (TIS) on Siraitia grosvenorii plantlets rooting with 6 weeks of

culture

Culture

method

Rooting percentage

(%)

Proliferation

rate

Shoot length

(cm)

Callus diameter

(mm)

Per plantlet

FW (mg) DW (mg) FW/DW

Gelled 100.0 ± 0 a* 3.61 ± 0.19 b 6.64 ± 0.57 b 6.61 ± 0.33 a 425.69 ± 9.58 b 48.82 ± 2.56 b 8.73 ± 0.39 ab

Liquid 96.30 ± 3.21 a 2.31 ± 0.24 c 4.33 ± 0.86 b 7.14 ± 0.77 a 454.12 ± 34.77 b 49.80 ± 5.92 b 9.16 ± 0.66 a

TIS 100.0 ± 0 a 7.68 ± 0.19 a 15.11 ± 1.91 a 2.63 ± 0.31 b 670.97 ± 8.94 a 81.53 ± 2.44 a 8.23 ± 0.22 b

* Values with different letter within the same column are significantly different (P B 0.05)

134 Plant Cell Tiss Organ Cult (2010) 103:131–135

123



Etienne H, Berthouly M (2002) Temporary immersion systems in

plant micropropagation. Plant Cell Tiss Organ Cult 69:215–231

Jackson MB (2003) Aeration stress in plant tissue cultures. Bulg J

Plant Physiol Special issue:96–109

Konoshima T, Takasaki M (2002) Cancer-chemopreventive effects of

natural sweeteners and related compounds. Pure Appl Chem

74(7):1309–1316

Lin R, Wang RZ (1980) The whole plantlets obtained of Siratia
grosvenorii via plant tissue culture. Guihaia 1 11 [in Chinese]

Lin W, Li QQ, Peng HW, Xue JJ, Liang S, Huang LY (2003) Problem

and solution of tissue cultured seedling cultivation of Siratia
grosvenorii. Guangxi Agri Sci 4:74–75 [in Chinese]

Lorenzo JC, Gonzalez BL, Escalona M, Teisson C, Borroto C (1998)

Sugarcane shoot formation in an improved temporary immersion

system. Plant Cell Tiss Organ Cult 54:197–200

Martre P, Lacan D, Just D, Teisson C (2001) Physiological effects of

temporary immersion on Hevea brasiliensis callus. Plant Cell

Tiss Organ Cult 67:25–35

McAlister B, Finnie J, Watt MP, Blakeway F (2005) Use of the

temporary immersion bioreactor system (RITA) for production

of commercial Eucalyptus clones in Mondi Forests (SA). Plant

Cell Tiss Organ Cult 81:347–358

Murashige T, Skoog F (1962) A revised medium for rapid growth and

bioassays with tobacco tissue cultures. Physiol Plant 15:473–479

Roels S, Noceda C, Escalona M, Sandoval J, Canal MJ, Rodriguez R,

Debergh P (2006) The effect of headspace renewal in a

temporary immersion bioreactor on plantain (Musa AAB) shoot

proliferation and quality. Plant Cell Tiss Organ Cult 84:155–163

Shi H, Hiramatsu M, Komatsu M, Kayama T (1996) Antioxidant

property of Fructus Momordicae extract. Biochem Mol Biol Int

40(6):1111–1121

Thomas YDS, Surminski KS, Lieberei R (2008) Plant regeneration via

somatic embryogenesis of Camptotheca acuminata in temporary

immersion system (TIS). Plant Cell Tiss Organ Cult 95:163–173

Tsang KY, Ng TB (2001) Isolation and characterization of a new

ribosome inactivating protein, momorgrosvin, from seeds of the

monk’s fruit Momordica grosvenorii. Life Sci 68(7):773–784

Wawrosch C, Kongbangkerd A, Kopf A, Kopp B (2005) Shoot

regeneration from nodules of Charybdis sp.: a comparison of

gelled liquid and temporary immersion culture systems. Plant

Cell Tiss Organ Cult 81:319–322

Yan HB, Liang CX, Yang LT, Li YR (2010) In vitro and ex vitro
rooting of Siratia grosvenorii, a traditional medicinal plant. Acta

Physiol Plant 32:115–120

Yang SH, Yeh DM (2008) In vitro leaf anatomy, ex vitro photosyn-

thetic behaviors and growth of Calathea orbifolia (Linden)

Kennedy plants obtained from semi-solid medium and temporary

immersion systems. Plant Cell Tiss Organ Cult 93:201–207

Zhang MJ, Zhao DD, Ma ZQ, Li XD, Xiao YL (2009) Growth and

photosynthetic capability of Momordica grosvenori plantlets

grown photoautotrophically in response to light intensity.

HortScience 44(3):757–763

Zobayed FA, Zobayed SMA, Kubota C, Kozai T, Hasegawa O (1999)

Supporting material affects the growth and development of

in vitro sweet potato plantlets cultured photoautotrophically. In

Vitro Cell Dev Biol-Plant 35:470–474

Plant Cell Tiss Organ Cult (2010) 103:131–135 135

123


	Improved growth and quality of Siraitia grosvenorii plantlets using a temporary immersion system
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


