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Abstract 

Tomato fruits at mature green stage were treated after harvest with salicylic acid (0, 1 and 2 
mM), and then stored under chilling temperature (1ºC) for 21 days. The chilling injury (CI) symptoms, 
electrolyte leakage and malondialdehyde content were significantly reduced and proline content was 
significantly increased by salicylic acid treatments. Salicylic acid application had no significant effect 
on total phenolics content but phenylalanine ammonia-lyase (PAL) activity was significantly reduced in 
treated fruits. Overall, the results obtained from the present experiment suggest that salicylic acid has 
potential postharvest applications in alleviating the chilling injury symptom in tomato fruit. 
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Introduction 
 

Cold storage is one of the most effective postharvest technologies retains the quality of 
fruits and vegetables from the time of harvest until final preparation for human consumption 
in food chain [1]. However, cold storage imposes great risk on postharvest handling in 
products sensitive to CI, especially tropical and subtropical crops. Tomato is an important 
tropical crop with high cold sensitive behavior [2]. Chilled tomato fruits develop several 
symptoms, such as surface pitting, pathogen susceptibility, and losing the ability to develop 
full color, which all lead to substantial decline in fruit quality [3].  

Salicylic acid (SA), as an endogenous signaling molecule, plays a pivotal role in plants 
growth and development as well as in responses to environmental stressful conditions [4]. SA 
may alleviate postharvest CI in fruits and vegetables via different mechanisms such as 
enhanced alternative oxidase (AOX) gene expression as an efficient ROS avoidance gene in 
tomato fruit [5], increased ascorbate peroxidase (APX) and glutathione reductase (GR) 
activity and enhanced reduced-to-oxidized ascorbate (AsA/DHAsA) and reduced-to-oxidized 
glutathione ratios (GSH/GSSG) in peach fruit [6] and enhanced heat shock proteins (HSPs) 
gene expression in tomato [7] and  peach fruits [6]. 

The aim of the present study was to evaluate the effects of postharvest salicylic acid 
application on reducing the chilling demonstrations on tomato fruits frequently encountered 
under cold storage.  
 
Material and methods 
 

Tomato fruits (Lycopersicon esculentum cv. Newton) were harvested at mature green 
stage in Ahar, Iran. About 500 fruits were manually picked and immediately transferred to the 
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laboratory. Fruits with defects were discarded, and 270 fruits were selected and divided into 3 
lots of 90 for the following treatments in triplicate (30 fruit per replicate): control (0) and 
salicylic acid at 1 or 2 mM. For each treatment and replicate, fruits were dipped in a fresh 10 
L solution for 5 min. Following treatments, fruits were allowed to completely dry at room 
temperature before storage at 1ºC and 85-90% RH for 3 weeks.  Samples of 15 fruits from 
each treatment were removed on 1, 2 or 3 weeks from cold storage for PAL enzyme activity, 
MDA and proline analyses. These samples were mixed and frozen immediately in liquid 
nitrogen, then stored at −80ºC. Other samples of 15 fruits from each treatment were removed 
weekly from cold storage and held at 20ºC for 3 days to simulate shelf conditions for CI 
evaluation. Each treatment was replicated three times. 

Chilling injury index of fruits was evaluated at 20ºC for 3 d after 1, 2 or 3 weeks in 
cold storage. The fruits were returned to ambient temperature (20ºC) for development of CI 
symptoms. Symptoms were manifested as surface pitting according to the method of Ding et 
al [8]. The severity of the symptoms was assessed visually in a 4-stage scale: 0 = no pitting; 1 
= pitting covering <25% of the fruit surface; 2 = pitting covering <50%, but >25% of 
surface; 3 = pitting covering <75%, but >50% of surface and 4 = pitting covering >75% of 
surface. The average extent of cold damage was expressed as a CI index, which was 
calculated using the following formula: 
CI index (%) = {[(CI level) × (number of fruit at the CI level)] / (total number of fruits) × 4} × 100. 

Electrolyte leakage was measured according to the method of Zhao et al [9]. 3 mm 
thick of mesocarp tissues were excised from equator part of 5 fruits. Disks were put into 
aqueous 0.1 M mannitol under constant shaking. The conductivity of the solution (L1) was 
measured with a conductivity meter. Solutions were boiled for 10 min and then cooled to 
20ºC. The conductivity of tissues (L2) was measured. Ion leakage was calculated as the ratio 
of L1 to L2. 

Malondialdehyde (MDA) content was measured using the thiobarbituric acid method 
described by Zhao et al [9]. Absorbance at 532 nm was recorded and corrected for nonspecific 
absorbance at 600 nm. The amount of MDA expressed as μmol MDA per gram of pulp. 

Proline content was measured using the acid ninhydrin method described by Zhang et 
al [10]. Proline in tissues was extracted with 30 mL L−1 sulfosalicylic acid at 100ºC for 10 
min with shaking. The extract was mixed with an equal volume of glacial acetic acid and acid 
ninhydrin reagent and boiled for 30 min. After cooling, the reaction mix was partitioned 
against toluene and the absorbance of the organic phase was recorded at 520 nm. The 
resulting values were compared with a standard curve constructed using known amounts of 
proline and expressed as μg proline g−1 fresh weight (FW). 

Total phenols were determined spectrophotometrically using Folin-Ciocalteu reagent 
as described by Chen et al [11]. Briefly, 4 g tissues of tomato fruit were grounded in liquid 
nitrogen. A sample was then extracted with 2% HCl in methanol for 24 h in the dark at 25ºC. 
After centrifugation at 12000 × g for 20 min at 4ºC, the supernatant was diluted with the same 
extract solvent to a suitable concentration for assaying total phenols. The diluted extraction 
solution (200 ml) was placed into a 5.0 ml test tube and 1.0 ml of the Folin-Ciocalteu reagent 
and 0.8 ml of 7.5% carbonate were added. The reaction mixture was allowed to stand for 30 
min. Absorption at 750 nm was then measured. Total phenols content was expressed as gallic 
acid equivalent in milligrams per gram of sample on a FW basis. 

PAL activity was measured according to the method of Galvez et al [12]. The reaction 
mixture contained 1.5 mL of enzymatic extract, 2 mL of 50 mM Tris–HCl buffer (pH 8.8), 
2.5 mL deionized water and 1 mL of 100 mM L-phenylalanine as PAL substrate. The mixture 
was incubated at 37ºC for 45 min, and changes in absorbance at 276 nm were measured in a 
spectrophotometer. The same mixture without L-phenylalanine was used as blank. The 



M. SOLEIMANI AGHDAM, M.R. ASGHARI, H. MORADBEYGI, N. MOHAMMADKHANI,  
M. MOHAYEJI, J. REZAPOUR-FARD 

Romanian Biotechnological Letters, Vol. 17, No. 4, 2012 7468

enzymatic activity was reported as μ moles of cinnamic acid per 100 g of fresh fruit per hour, 
using cinnamic acid as standard. 

The experiment was arranged as split plots in time based on completely randomized 
design with three replications. Analysis of variance (ANOVA) was carried out with SPSS 
software. Mean comparison were performed by Duncan’s multiple range tests at P ≤ 0.05 and 
P ≤ 0.01 probability levels. 

 
Results and discussion 

 
1. Chilling injury and electrolyte leakage 

The results showed that the interaction effects of salicylic acid concentrations and time 
significantly (P< 0.01) affected chilling injury index in tomato fruit (Fig. 1).  

 
Fig 1. Effect of salicylic acid treatment on the chilling injury index of tomato fruit after 1, 2 or 3 weeks of 
storage at 1ºC plus 3 days of shelf life at 20ºC.  
Different letters on bars show significant difference between treatments based on Duncan's multiple range test at 
P = 0.05 level. 
 

Generally, CI affects primarily the cell membrane with changes in the fatty acid 
composition of phospholipids [13,14,15] and then the membrane damages initiate a cascade 
of secondary events leading to disruption of cell structure. Membrane damage can be 
measured by the ion leakage, which in the present study ion leakage of control treatment was 
significantly higher than that of salicylic acid treated fruits (Fig. 2A). These results indicate a 
role for salicylic acid in maintaining membrane integrity, as has been reported for loquat [16] 
and pomegranate fruits [17]. Zhao et al [9] reported that the electrolyte leakage (EL) intensity 
exactly reflects CI development phase and degree in tomato fruit. Considering electrolyte 
leakage, salicylic acid treatments led to lower EL incidence compared with control fruits. 
However, there was no significant difference between concentrations used. Our results 
showed that salicylic acid treatment effectively alleviated symptoms and severity of CI, and 
possibly maintained membrane integrity, owing to reduced electrolyte leakage (P< 0.01). 
Similar results have been reported in peach [6] and pomegranate fruits [18]. In peach fruit, 
alleviation of CI was achieved at 1mM but failed at 0.7 mM or lower SA concentrations and 
in pomegranate fruit SA treatments, especially at 2 mM concentration, were highly effective 
in reducing CI and electrolyte leakage in the husk of pomegranate.  
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2. Malondialdehyde and proline content 
As shown in Fig. 2B, significantly (P < 0.05) lower MDA content was observed in 1 

mM salicylic acid treated fruits compared with control ones. Interaction effects and time of 
storage had no meaningful influence on these traits. It suggests that MDA content may be a 
reflection of fruit cold tolerance. In contrast, salicylic acid at 2 mM concentration possibly 
had negative effects on cell membrane integrity and led to increased MDA content in treated 
fruit (Fig. 2B).  Membrane lipid peroxidation may be one of the first events in the 
manifestation of CI, in which elevated MDA accumulation damages the cell membrane [19]. 
Moreover, Posmyk et al [20] suggested that MDA levels in a tissue can be a good indicator of 
the membranes integrity of plants subjected to low temperature. Since lipid peroxidation in 
consequence of chilling temperature goes to   adverse effects on plant cells due to MDA 
accumulation. There is evidence that MDA accumulation is prevented after SA treatment [4]. 
Proline content of chilling faced fruits were affected by the salicylic acid treatment and 1 mM 
salicylic acid had the highest proline content compared to 2 mM treated and control fruits (P< 
0.01; Fig. 2C).  

 
 

 
 



M. SOLEIMANI AGHDAM, M.R. ASGHARI, H. MORADBEYGI, N. MOHAMMADKHANI,  
M. MOHAYEJI, J. REZAPOUR-FARD 

Romanian Biotechnological Letters, Vol. 17, No. 4, 2012 7470

 

 
Fig 2. Effect of salicylic acid treatment at 0, 1 and 2 mM concentrations on (A) electrolyte leakage (%), (B) 
MDA and (C) proline content of tomato fruit. 
 
Different letters on bars show significant difference between treatments based on Duncan's multiple range test at  
P = 0.05 level. 
 

Proline accumulation has been proven to be the initial demonstration of stress 
encountered plants. It has been suggested that proline protects plants by functioning as a 
cellular osmotic regulator between cytoplasm and vacuole, and by detoxifying of ROS, thus 
protecting membrane integrity and stabilizing antioxidant enzymes [21,22,23]. Positive 
correlations between accumulation of endogenous proline and improved cold tolerance have 
been found mostly in chilling-sensitive plants [9,24]. Our findings are in conformity with 
previous reports evidenced by increased proline content along with reduced CI [10]. In plants, 
proline is synthesized from either glutamate or ornithine via Δ-pyrroline-5-carboxylate 
synthetase (P5CS) or ornithine δ-aminotransferase (OAT), respectively. Meanwhile, the 
metabolism and accumulation of proline is also depends on its degradation, which is catalyzed 
by proline dehydrogenase (PDH) [25]. Fabro et al [26] reported that the P5CS2 can be 
activated by salicylic acid which triggers proline accumulation. Zhao et al [9] reported that 
the EL, MDA and proline content were effective indicators for CI analysis in harvested 
tomato fruits. 

 
3. PAL activity and total phenol content  

It is generally accepted that PAL activity increases in chilling injured fruit, the 
enhancement being proposed as a mechanism to alleviate CI symptoms [27], since 
postharvest treatments reducing CI, such as heat [11] may lead to higher increases in PAL 
activity. However, results found here showed that the salicylic acid treatment reduced PAL 
activity (P < 0.05; Fig. 3). Like with previous traits, time and its interaction with SA levels 
had no significant effects on PAL activity and total phenolics content. The results agree with 
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previous reports for loquat fruit treated with acetyl salicylic acid [16] or mangosteen stored at 
low O2 [28]. Nguyen et al [29] reported that modified atmosphere packaging reduced CI and 
PAL activity in banana, and heat treatment prevented both CI and the increase in PAL 
activity, that normally occurs in ‘Fortune’ mandarins stored at low temperature [30]. High 
PAL activities coincided with the development of internal browning (IB), as a main symptom  

of chilling injury, in pineapple fruit stored at low temperatures [31,32]. Lu et al [33] 
showed that the activity of PAL in pineapple fruit  was significantly inhibited by SA 
treatment and IB was delayed. In pomegranate fruit, Sayyari et al [18] showed that PAL 
activity increased during prolonged cold storage and salicylic acid treatment reduced that 
increase. Thus, these contradictory reports reveal that some overlapping mechanisms such as  
antioxidant systems and factors affecting membrane integrity as well as PAL potentially 
affect CI and the specific role for PAL in this case needs concise biochemical and genetic 
fingerprinting [34].  

 

 
Fig 3. Effect of salicylic acid treatment at 0, 1 and 2 mM concentrations on PAL enzyme activity in tomato fruit 
stored at low temperature. 
Different letters on bars show significant difference between treatments based on Duncan's multiple range test at  
P = 0.05 level. 

 
            In conclusion, the results obtained from the present experiment revealed that SA 
postharvest treatment had the potential to alleviate the chilling damages via reduced CI 
symptoms and variations in chilling related metabolites in favor of membrane stability and 
hence low cellular and tissue damage. Practically, considering the economic facet and 
nutritional risks of SA treatment this compound may be used as an efficient bio-molecule for 
protecting tomato fruits encountered with frost or chilling and/or any other stressful condition 
affect cell architecture and membrane.  
 
Acknowledgment 
 
Financial support for this work was provided by the Iranian Young Researchers Club, Islamic 
Azad University, Ahar Branch, Ahar, Iran.   

  



M. SOLEIMANI AGHDAM, M.R. ASGHARI, H. MORADBEYGI, N. MOHAMMADKHANI,  
M. MOHAYEJI, J. REZAPOUR-FARD 

Romanian Biotechnological Letters, Vol. 17, No. 4, 2012 7472

References 
 

1. M.C. BOURNE, Selection and use of postharvest technologies as a component of the food chain, J. Food 
Sci., 69, 43–6 (2006). 

2. J.H. HONG, K.C. GROSS, Maintaining quality of fresh-cut tomato slices through modified atmosphere 
packaging and low temperature storage, J. Food Sci., 66, 960–5 (2006). 

3. C.Y. WANG, Approaches to reduce chilling injury of fruits and vegetables, Hortic. Rev., 15, 83–95 
(1993). 

4. M. ASGHARI, M.S. AGHDAM, Impact of salicylic acid on postharvest physiology of horticultural 
crops, Trend. Food Sci. Technol., 21, 502–509 (2010). 

5. R.W. FUNG, C.Y. WANG, D.L. SMITH, K.C. GROSS, Y. TAO, M. TIAN, Characterization of 
alternative oxidase (AOX) gene expression in response to methyl salicylate and methyl jasmonate pre-
treatment and low temperature in tomatoes, J. Plant Physiol., 163, 1049–1060 (2006). 

6. L.J. WANG, S.J. CHEN, W.F. KUN, S.H. LI, D.D. ARCHBOLD, Salicylic acid pretreatment alleviates 
chilling injury and affects the antioxidant system and heat shock proteins of peach during cold storage, 
Postharvest Biol. Technol., 41, 244–251 (2006). 

7. C.K. DING, C.Y. WANG, K.C. GROSS, D.L. SMITH, Reduction of chilling injury and transcript 
accumulation of heat shock proteins in tomato fruit by methyl jasmonate and methyl salicylate, Plant Sci., 
161, 1153–1159 (2001). 

8. C.K. DING, C.Y. WANG, K.C. GROSS, D.L. SMITH, Jasmonate and salicylate induce the expression of 
pathogenesis-related-protein genes and increase resistance to chilling injury in tomato fruit, Planta., 214, 
895–901 (2002). 

9. D.Y. ZHAO, L. SHEN,  B. FAN,  K.L. LIU, M.M. YU, Y. ZHENG,  Y. DING, J.P. SHENG, 
Physiological and genetic properties of tomato fruits from 2 cultivars differing in chilling tolerance at cold 
storage, Food Chem., 74, 348–352 (2009). 

10. X.  ZHANG, L. SHEN, F. LI, Y. ZHANG, D. MENGA, J. SHENG, Up-regulating arginase contributes to 
amelioration of chilling stress and the antioxidant system in cherry tomato fruits, J. Sci. Food Agric., 90, 
2195–2202 (2010). 

11. J.Y. CHEN, L.H. HE, Y.M. JIANG,  Y. WANG, D.C. JOYCE, Z.L. JI, W.J. LU, Role of phenylalanine 
ammonia-lyase in heat pretreatment-induced chilling tolerance in banana fruit, Physiol. Plant., 132, 318–
328 (2008). 

12. A.B. GALVEZ, M.V. GARCIA, J.C. CORRALES, A.C. LOPEZ, J.A.L. VALENZUELA, Effect of 
gradual cooling storage on chilling injury and   phenylalanine ammonia-lyase activity in tomato fruit,  J. 
Food Biochem., 34, 295–307 (2010). 

13. S. LURIE, L. SONEGO, R. BEN-ARIE, Permeability, microviscosity and chemical changes in the plasma 
membrane during storage of apple fruit, Sci. Hortic., 32, 73–83 (1987). 

14. D.W. STANLEY, Biological membrane deterioration and associated quality losses in food tissues, Crit. 
Rev. Food Sci. Nutr., 30, 487–553 (1991). 

15. S.H. MIRDEHGHAN, M. RAHEMI, D. MARTINEZ-ROMERO, F. GUILLEN, J.M. VALVERDE, P.J. 
ZAPATA, M. SERRANO, D. VALERO, Reduction of pomegranate chilling injury during storage after 
heat treatment: role of polyamines, Postharvest Biol. Technol., 44, 19–25 (2007). 

16. C. CAI, X. LI, K. CHEN, Acetyl salicylic acid alleviates chilling injury of postharvest loquat (Eriobotrya 
japonica Lindl.) fruit, Eur. Food Res. Technol., 223, 533–539 (2006). 

17. M. SAYYARI, S. CASTILLO, D. VALERO, H.M. DIAZ-MULA, M. SERRANO, Acetyl salicylic acid 
alleviates chilling injury and maintains nutritive and bioactive compounds and antioxidant activity during 
postharvest storage of pomegranates, Postharvest Biol. Technol., 60, 136–142 (2011). 

18. M. SAYYARI, M. BABALAR, S. KALANTARI, M. SERRANO, M. VALERO, Effect of salicylic acid 
treatment on reducing chilling injury in stored pomegranates, Postharvest Biol. Technol., 53, 152–154 
(2009). 

19. Y. IMAHORI, M. TAKEMURA, J. BAI, Chilling-induced oxidative stress and antioxidant responses 
inmume (Prunus mume) fruit during low temperature storage, Postharvest Biol. Technol., 49, 54–60 
(2008). 

20. M.M. POSMYK, C. BAILLY, K. SZAFRANSKA, K.M. JANA, F. CORBINEAU, Antioxidant enzymes 
and isoflavonoids in chilled soybean (Glycine max L. Merr) seedling, J. Plant Physiol., 162, 403–12 
(2005). 

21. R.E. SHARP, T.C. HSIAO, W.K. SILK, Growth of maize primary root at low water potential’s, Plant 
Physiol., 93, 1337–1346 (1990). 



  Effect of postharvest salicylic acid treatment on reducing chilling injury in tomato fruit 

Romanian Biotechnological Letters, Vol. 17, No. 4, 2012 7473 

22. H. BANDURSKA, In vitro and in vivo effect of proline on nitrate reductase activity under osmotic stress 
in barley, Acta Physiol. Plant., 15, 83–88 (1993). 

23. H.J. BOHNERT, R.G. JENSEN, Strategies for engineering water-stress tolerance in plants, Trends 
Biotechnol., 14, 89–97 (1996). 

24. A. KORKMAZ, Y. KORKMAZ, A.R. DEMIRKIRAN, Enhancing chilling stress tolerance of pepper 
seedlings by exogenous application of 5-aminolevulinic acid, Environ Exp Bot., 67, 495–501 (2009). 

25. N. VERBRUGGEN, C. HERMANS, Proline accumulation in plants: A review, Amino Acids., 35, 753–
759 (2008). 

26. G. FABRO, I. KOVACS,  V. PAVET, L. SZABADOS, M.E. ALVAREZ, Proline accumulation and 
AtP5CS2 gene activation are induced by plant-pathogen incompatible interactions in Arabidopsis, Mol. 
Plant–Microbe Interact., 17, 343–350 (2004). 

27. M.T. LAFUENTE, L. ZACARIAS, M.A. MARTINEZ-TELLEZ, M.T. SANCHEZ-BALLESTA, A. 
GRANELL, Phenylalanine ammonia-lyase and ethylene in relation to chilling injury as affected by fruit 
age in citrus, Postharvest Biol. Technol., 29, 308–317 (2003). 

28. S. DANGCHAM, J. BOWEN, I.B. FERGUSON, S. KETSA, Effect of temperature and low oxygen on 
pericarp hardening of mangosteen fruit stored at low temperature, Postharvest Biol. Technol., 50, 37–44 
(2008). 

29. T.B.T. NGUYEN, S. KETSA, W.G. VAN-DOORN, Effect of modified atmosphere packaging on 
chilling-induced peel browning in banana, Postharvest Biol. Technol., 31, 313–317 (2004). 

30. M.T. SANCHEZ-BALLESTA, M.T. LAFUENTE, L. ZACARIAS, A. GRANELL, Involvement of 
phenylalanine ammonia-lyase in the response of fortune mandarin fruits to cold temperature, Physiol. 
Plant., 108, 382–389 (2000). 

31. R. E. PAULL, K.G. ROHRBACH, Symptom development of chilling injury in pineapple fruit, J. Am. 
Soc. Hortic. Sci., 110, 100–105 (1985). 

32. D. WEERAHEWA, N.K.B. ADIKARAM, Heat-induced tolerance to internal browning of pineapple 
(Ananas comosus cv. ‘Mauritius’) under cold storage, J. Hortic. Sci. Biotechnol., 80, 503–509 (2005). 

33. X.H. LU, D.Q. SUN, Y.W. MO, J.G. XI, G.M. SUN, Effects of post-harvest salicylic acid treatment on 
fruit quality and anti-oxidant metabolism in pineapple during cold storage, J. Hortic. Sci. Biotechnol., 85, 
454–458 (2010). 

34. Z.S. DING, S.P. TIAN, X.L. ZHENG, Z.W. ZHOU, Y. XU, Responses of reactive oxygen metabolism 
and quality in mango fruit to exogenous oxalic acid or salicylic acid under chilling temperature stress, 
Physiol. Plant., 130, 112–121 (2007). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


