
NMR-based metabolomic characterization of Vanilla planifolia
Palama, T.L.

Citation
Palama, T. L. (2010, June 10). NMR-based metabolomic characterization of Vanilla
planifolia. Retrieved from https://hdl.handle.net/1887/15674
 
Version: Corrected Publisher’s Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/15674
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/15674


 

 

 

References 

   



References 

130 

Abdel-Farid, I. B., Kim, H. K., Choi, Y. H., Verpoorte, R., 2007. Metabolic Characterization 
of Brassica rapa Leaves by NMR Spectroscopy. J. Agric. Food Chem. 55, 7936-7943. 

Abdullah, K., Mursalim, 1997. Drying of vanilla pods using a greenhouse effect solar dryer. 
Drying Technology 15, 685-698. 

Ali, K., Kumiko, K., Naosuke, N., 1999. Changes in Anatomical Features, Pigment Content 
and Photosynthetic Activity Related to Age of 'Irwin' Mango Leaves. J. Jpn. Soc. Hortic. 
Sci. 68, 1090-1098. 

Arana, F. E., 1943. Action of a ß-glucosidase in the curing of vanilla. Food Res. 8, 343-351. 

Arditti, J., Rao, A. N., Nair, H., 2009. Hand-Pollination of Vanilla : How Many 
Discoverers? , Orchid Biology: Reviews and Perspectives, X, pp. 233-249. 

Balachandran, S., Hurry, V. M., Kelley, S. E., Osmond, C. B., Robinson, S. A., Rohozinski, 
J., Seaton, G. G. R., Sims, D. A., 1997. Concepts of plant biotic stress. Some insights into 
the stress physiology of virus-infected plants, from the perspective of photosynthesis. 
Physiol. Plant 100, 203-213. 

Balls, A. K., Arana, F. E., 1941. The curing of vanilla. Ind. Eng. Chem. 33, 1073-1075. 

Bender, I., Joy, R. W., Thorpe, T. A., 1987. [14C]-Glucose metabolism during shoot bud 
development in cultured cotyledon explants of Pinus radiata. Plant Cell Physiol. 28, 1335-
1338. 

Benezet, H., Picard, E., Côme, B., Grisoni, M., Leclercq Le Quillec, F., Gambin, O., 
Jeuffrault, E., 2000. Les virus du vanillier à la Réunion : un frein au développement de la 
culture sous ombrière. Phytoma 526, 40-42. 

Besse, P., Da Silva, D., Bory, S., Grisoni, M., Le Bellec, F., Duval, M.-F., 2004. RAPD 
genetic diversity in cultivated vanilla: Vanilla planifolia, and relationships with V. tahitensis 
and V. pompona. Plant Sci. 167, 379-385. 

Bhat, A. I., Bhadramurthy, V., Siju, S., Hareesh, P. S., 2006. Detection and identification of 
Cymbidium mosaic virus infecting vanilla (Vanilla planifolia Andrews) in India based on 
coat protein gene sequence relationships. J. Plant Biochem. Biotechnol. 15, 33-37. 

Bino, R. J., Hall, R. D., Fiehn, O., Kopka, J., Saito, K., Draper, J., Nikolau, B. J., Mendes, 
P., Roessner-Tunali, U., Beale, M. H., Trethewey, R. N., Lange, B. M., Wurtele, E. S., 
Sumner, L. W., 2004. Potential of metabolomics as a functional genomics tool. Trends Plant 
Sci. 9, 418-425. 

Bory, S., Da Silva, D., Risterucci, A.-M., Grisoni, M., Besse, P., Duval, M.-F., 2008a. 
Development of microsatellite markers in cultivated vanilla: Polymorphism and 
transferability to other vanilla species. Sci. Hortic. 115, 420-425. 

Bory, S., Grisoni, M., Duval, M.-F., Besse, P., 2008b. Biodiversity and preservation of 
vanilla: present state of knowledge. Genet. Resour. Crop Evol. 55, 551-571. 



 

131 

Bory, S., Lubinsky, P., Risterucci, A.-M., Noyer, J.-L., Grisoni, M., Duval, M.-F., Besse, P., 
2008c. Patterns of introduction and diversification of Vanilla planifolia (Orchidaceae) in 
Reunion Island (Indian Ocean). Am. J. Bot. 95, 805-815. 

Bouriquet, G., 1954. Le vanillier et la vanille dans le monde. In: Lechevalier, P. (Ed.), 
Encyclopédie Biologique, XLVI, Paris VI, p. 748. 

Bozarth, R. F., Diener, T. O., 1963. Changes in concentration of free amino acids and 
amides induced in tobacco plants by potato virus X and potato virus Y. Virology 21, 188-
193. 

Brescia, M. A., Caldarola, V., De Giglio, A., Benedetti, D., Fanizzi, F. P., Sacco, A., 2002. 
Characterization of the geographical origin of Italian red wines based on traditional and 
nuclear magnetic resonance spectrometric determinations. Anal. Chim. Acta 458, 177-186. 

Brodelius, P. E., 1994. Phenylpropanoid Metabolism in Vanilla planifolia Andr .V. High-
Performance Liquid-Chromatographic Analysis of Phenolic Glycosides and Aglycones in 
Developing Fruits. Phytochem. Anal. 5, 27-31. 

Brodelius, P. E., Xue, Z. T., 1997. Isolation and characterization of a cDNA from cell 
suspension cultures of Vanilla planifolia encoding 4-coumarate: Coenzyme A ligase. Plant 
Physiol. Biochem. 35, 497-506. 

Bruman, H., 1948. The culture history of Mexican Vanilla. Hispanic Am. Hist. Rev. 28, 360-
376. 

Castrillo, M., Kruger, N. J., Whatley, F. R., 1992. Sucrose metabolism in mango fruit during 
ripening. Plant Sci. 84, 45-51. 

Charlton, A. J., Farrington, W. H. H., Brereton, P., 2002. Application of 1H NMR and 
Multivariate Statistics for Screening Complex Mixtures: Quality Control and Authenticity of 
Instant Coffee. J. Agric. Food Chem. 50, 3098-3103. 

Chia, T. F., He, J., 1999. Photosynthetic capacity in Oncidium (Orchidaceae) plants after 
virus eradication. Environ. Exp. Bot. 42, 11-16. 

Childers, N. F., Cibes, H. R., 1946. El cultivo de la vainilla en Puerto Rico. Revista de Agr. 
37, 1-14. 

Choi, H.-K., Yoon, J.-H., 2007. Metabolomic profiling of Vitis vinifera cell suspension 
culture elicited with silver nitrate by 1H NMR spectrometry and principal components 
analysis. Process Biochem. 42, 271-274. 

Choi, Y. H., Kim, H. K., Hazekamp, A., Erkelens, C., Lefeber, A. W. M., Verpoorte, R., 
2004a. Metabolic differentiation of Cannabis sativa cultivars using 1H NMR spectroscopy 
and Principal Component Analysis. J. Nat. Prod. 67, 953-957. 

Choi, Y. H., Kim, H. K., Linthorst, J. M., Hollander, J. G., Lefeber, A. W. M., Erkelens, C., 
Nuzillard, J.-M., Verpoorte, R., 2006. NMR metabolomics to revisit the Tobacco Mosaic 
Virus infection in Nicotiana tabacum leaves J. Nat. Prod. 69, 742-748. 



References 

132 

Choi, Y. H., Sertic, S., Kim, H. K., Wilson, E. G., Michopoulos, F., Lefeber, A. W. M., 
Erkelens, C., Prat Kricun, S. D., Verpoorte, R., 2005. Classification of Ilex species based on 
metabolic fingerprinting using Nuclear Magnetic Resonance and Multivariate Data 
Analysis. J. Agric. Food Chem. 53, 1237-1245. 

Choi, Y. H., Tapias, E. C., Kim, H. K., Lefeber, A. W. M., Erkelens, C., Verhoeven, J. T. J., 
Brzin, J., Zel, J., Verpoorte, R., 2004b. Metabolic discrimination of Catharanthus roseus 
leaves infected by Phytoplasma using 1H-NMR spectroscopy and Multivariate Data 
Analysis. Plant Physiol. 135, 2398-2410. 

Cibes, H. R., Childers, N. F., Loustalot, A. J., 1947. Influence of Mineral Deficiencies on 
Growth and Composition of Vanilla Vines. Plant Physiol. 22, 291-299. 

Cota, B. B., Magalhaes, A., Pimenta, A. M. C., Siqueira, E. R., Alves, T. M. A., Zani, C. L., 
2008. Chemical constituents of Habenaria petalodes Lindl. (Orchidaceae). J. Braz. Chem. 
Soc. 19, 1098-1104. 

Croes, E., Gebruers, K., Carpentier, S., Swennen, R., Robben, J., Laukens, K., Witters, E., 
Delcour, J. A., Courtin, C. M., 2009. A quantitative portrait of three xylanase inhibiting 
protein families in different wheat cultivars using 2D-DIGE and multivariate statistical 
tools. J. Proteomics 72, 484-500. 

Deborde, C., Maucourt, M., Baldet, P., Bernillon, S., Biais, B., Talon, G., Ferrand, C., 
Jacob, D., Ferry-Dumazet, H., de Daruvar, A., Rolin, D., Moing, A., 2009. Proton NMR 
quantitative profiling for quality assessment of greenhouse-grown tomato fruit. 
Metabolomics 5, 273-288. 

Debowska, R., Podstolski, A., 2001. Properties of Diphenolase from Vanilla planifolia 
(Andr.) Shoot Primordia Cultured in Vitro. J. Agric. Food Chem. 49, 3432-3437. 

DGCCRF, 2003. Note d’information n°2003-61. République Française, Ministère de 
l'Economie, des Finances et de l'Industrie - Direction Générale de la Concurrence, de la 
Consommation et de la Répression des Fraudes (DGCCRF) p. 6. 

Dignum, M. J. W., 2002. Biochemistry of the processing of vanilla beans. Leiden 
University. 

Dignum, M. J. W., Kerler, J., Verpoorte, R., 2001. Vanilla production : technological, 
chemical and biosynthetic aspects. Food Rev. Int. 17, 199-219. 

Dignum, M. J. W., Kerler, J., Verpoorte, R., 2002. Vanilla curing under laboratory 
conditions. Food Chem. 79, 165-171. 

Dignum, M. J. W., van der Heijden, R., Kerler, J., Winkel, C., Verpoorte, R., 2004. 
Identification of glucosides in green beans of Vanilla planifolia Andrews and kinetics of 
vanilla β-glucosidase. Food Chem. 85, 199-205. 

Dodd, A. N., Borland, A. M., Haslam, R. P., Griffiths, H., Maxwell, K., 2002. Crassulacean 
acid metabolism: plastic, fantastic. J. Exp. Bot. 53, 569-580. 



 

133 

Dowlatabadi, R., Weljie, A. M., Thorpe, T. A., Yeung, E. C., Vogel, H. J., 2009. Metabolic 
footprinting study of white spruce somatic embryogenesis using NMR spectroscopy. Plant 
Physiol. Biochem. 47, 343-350. 

Duarte, I., Barros, A., Belton, P. S., Righelato, R., Spraul, M., Humpfer, E., Gil, A. M., 
2002. High-Resolution Nuclear Magnetic Resonance Spectroscopy and Multivariate 
Analysis for the Characterization of Beer. J. Agric. Food Chem. 50, 2475-2481. 

Ecott, T., 2004. Travels in search of the ice cream orchid, Vanilla. Grove Press, New York. 

Ehlers, D., Pfister, M., 1997. Compounds of vanillons (Vanilla pompona Schiede). J. 
Essent. Oil Res. 9, 427-431. 

Eriksson, L., Johansson, E., Kettaneh-Wold, N., Trygg, J., Wikström, C., Wold, S., 2006. 
Multi- and Megavariate Data Analysis Part I: Basic Principles and Applications, Second 
revised and enlarged edition. Umetrics Academy, Umeå, Sweden. 

Eriksson, L., Trygg, J., Wold, S., 2008. CV-ANOVA for significance testing of PLS and 
OPLS® models. J. Chemometr. 22, 594-600. 

Farreyrol, K., Pearson, M. N., Grisoni, M., Cohen, D., Beck, D., 2006. Vanilla mosaic virus 
isolates from French Polynesia and the Cook Islands are Dasheen mosaic virus strains that 
exclusively infect vanilla. Arch. Virol. 151, 905-919. 

Farreyrol, K., Pearson, M. N., Grisoni, M., Leclercq-Le Quillec, F., 2001. Severe stunting of 
Vanilla tahitensis in French Polynesia caused by Cucumber mosaic virus (CMV), and the 
detection of the virus in V. fragrans in Reunion Island. Plant Pathol. 50, 414-414. 

Fiehn, O., 2002. Metabolomics – the link between genotypes and phenotypes Plant Mol. 
Biol. 48, 155-171. 

Fitelson, J., Bowden, G. L., 1968. Determination of organic acids in vanilla extracts by GLC 
separation of trimethylsilylated derivatives. J. Assoc. Offic. Agric. Chemists 51, 1224. 

Fortes, A., Santos, F., Choi, Y., Silva, M., Figueiredo, A., Sousa, L., Pessoa, F., Santos, B., 
Sebastiana, M., Palme, K., Malho, R., Verpoorte, R., Pais, M., 2008. Organogenic nodule 
development in hop (Humulus lupulus L.): Transcript and metabolic responses. BMC 
Genomics 9, 445. 

Fouché, J. G., Coumans, M. P., 1995. Relationship between peroxidase activity and flower 
localization along Vanilla planifolia vines. Biol. Plant. 37, 515-521. 

Fouché, J. G., Jouve, L., 1999. Vanilla planifolia: history, botany and culture in Réunion 
island. Agronomie 19, 689-703. 

Funk, C., Brodelius, P., 1994. Vanilla planifolia Andrews: in vitro biosynthesis of vanillin 
and other phenylpropanoid derivatives. In: Bajaj, Y. (Ed.), Biotechnology in agriculture and 
forestry: Medicinal and aromatic plants, vol. VI. Springer Verlag, Berlin-Heidelberg, pp. 
377-402. 



References 

134 

Funk, C., Brodelius, P. E., 1990a. Phenylpropanoid metabolism in suspension cultures of 
Vanilla planifolia Andr., II. Effects of precursor feeding and metabolic inhibitors. Plant 
Physiol. 94, 95-101. 

Funk, C., Brodelius, P. E., 1990b. Phenylpropanoid metabolism in suspension cultures of 
Vanilla planifolia Andr., III. Conversion of 4-methoxycinnamic acids into 4-
hydroxybenzoic acids. Plant Physiol. 94, 102-108. 

Funk, C., Brodelius, P. E., 1992. Phenylpropanoid metabolism in suspension cultures of 
Vanilla planifolia Andr., IV. Induction of vanillic acid formation. Plant Physiol. 99, 256-
262. 

Gassenmeier, K., Riesen, B., Magyar, B., 2008. Commercial quality and analytical 
parameters of cured vanilla beans (Vanilla planifolia) from different origins from the 2006-
2007 crop. Flavour Fragr. J. 23, 194-201. 

Gatfield, I., Reiss, I., Krammer, G., Schmidt, C. O., Kindel, G., Bertram, H. J., 2006. 
Divanillin: Novel Taste-Active Component of Fermented Vanilla Beans. Perfum. Flavor. 
31, 18-20. 

Geetha, S., Shetty, S. A., 2000. In vitro propagation of Vanilla planifolia, a tropical orchid. 
Curr. Sci. 79, 886-889. 

Gehrig, H., Faist, K., Kluge, M., 1998. Identification of phosphoenolpyruvate carboxylase 
isoforms in leaf, stem and roots of the obligate CAM plant Vanilla planifolia Salib. 
(Orchidaceae): a physiological and molecular approach. Plant Mol. Biol. 38, 1215-1223. 

General, T., Mamatha, V., Divya, V., Appaiah, K. A. A., 2009. Diversity of yeast with ß-
glycosidase activity in vanilla (Vanilla planifolia) plant. Curr. Sci. 96, 1501-1505. 

Gleason-Allured, J., 2009. The State of Vanilla: Challenges and Opportunities. Perfum. 
Flavor. 34, 19-22. 

Gobley, M., 1858. Recherches sur le principe odorant de la vanille. Thunot et Co, Paris. 

Goodacre, R., Shann, B., Gilbert, R. J., Timmins, E. M., McGovern, A. C., Alsberg, B. K., 
Kell, D. B., Logan, N. A., 2000. Detection of the Dipicolinic Acid Biomarker in Bacillus 
Spores Using Curie-Point Pyrolysis Mass Spectrometry and Fourier Transform Infrared 
Spectroscopy. Anal. Chem. 72, 119-127. 

Goris, M. A., 1924. Sur la composition chimique des fruits verts de la vanille et le mode de 
formation du parfum de la vanille. Compt. Rend. 179, 70-72. 

Goris, M. A., 1947. Formation du parfum de la vanille. Ind. Parfumerie 2, 4-12. 

Grisoni, M., Davidson, F., Hyrondelle, C., Farreyrol, K., Caruana, M. L., Pearson, M., 2004. 
Nature, incidence, and symptomatology of viruses infecting Vanilla tahitensis in French 
Polynesia. Plant Dis. 88, 119-124. 



 

135 

Grisoni, M., Farreyrol, K., Pearson, M., In Press. Virus diseases of vanilla. In: Odoux, E., 
Grisoni, M. (Eds.), Vanilla. CRC Press Inc., Boca Raton (FL). 

Grisoni, M., Moles, M., Besse, P., Bory, S., Duval, M.-F., Kahane, R., 2007. Towards an 
International Plant Collection to Maintain and  Characterize the Endangered Genetic 
Resources of Vanilla. Acta Hortic. 760, 83-91. 

Grisoni, M., Moles, M., Farreyrol, K., Rassaby, L., Davis, R., Pearson, M. N., 2006. 
Identification of potyviruses infecting vanilla by direct sequencing of a short RT-PCR 
amplicon. Plant Pathol. 55, 523-529. 

Hall, R. D., 2006. Plant metabolomics: from holistic hope, to hype, to hot topic. New Phytol. 
169, 453-468. 

Havkin-Frenkel, D., Belanger, F., 2007. Application of Metabolic Engineering to Vanillin 
Biosynthetic Pathways in Vanilla Planifolia. Applications of Plant Metabolic Engineering, 
pp. 175-196. 

Havkin-Frenkel, D., Dorn, R., 1997. Vanilla. In: Risch, S. J., Ho, C.-T. (Eds.), Spices, flavor 
chemistry and antioxidant properties. American Chemical Society, Washington DC, pp. 29-
40. 

Havkin-Frenkel, D., French, J. C., Graft, N., Joel, D. M., Pak, F. E., Frenkel, C., 2004. 
Interrelation of Curing and Botany in Vanilla (Vanilla planifolia) Bean. Acta Hortic. 629, 
93-102. 

Havkin-Frenkel, D., Podstolski, A., 2007. Vanillin production. Patent Application 
Publication vol. US 2007/0044174 A1. David Michael & Co., Inc. 

Havkin-Frenkel, D., Podstolski, A., Knorr, D., 1996. Effect of light on vanillin precursors 
formation by in vitro cultures of Vanilla planifolia. Plant Cell Tissue Organ Cult. 45, 133-
136. 

Havkin-Frenkel, D., Podstolski, A., Witkowska, E., Molecki, P., Mikolajczyk, M., 1999. 
Vanillin biosynthetic pathways: an overview. In: Fu, T. J., Singh, G., Curtis, W. R. (Eds.), 
Plant cell and tissue culture for the production of food ingredients. Kluwer Academic, 
Plenum Publisher, New York, pp. 35-43. 

Hendrawati, O., Yao, Q., Kim, H. K., Linthorst, H. J. M., Erkelens, C., Lefeber, A. W. M., 
Choi, Y. H., Verpoorte, R., 2006. Metabolic differentiation of Arabidopsis treated with 
methyl jasmonate using nuclear magnetic resonance spectroscopy. Plant Sci. 170, 1118-
1124. 

Hu, J. S., Ferreira, S., Xu, M. Q., Lu, M., Iha, M., Pflum, E., Wang, M., 1994. Transmission, 
movement and inactivation of cymbidium mosaic and odontoglossum ringspot viruses. 
Plant Dis. 78, 633-636. 

Huang, S. Y., Li, G. Q., Shi, J. G., Mo, S. Y., Wang, S. J., Yang, Y. C., 2004. Chemical 
constituents of the rhizomes of Coeloglossum viride var. bracteatum. J. Asian Nat. Prod. 
Res. 6, 49-61. 



References 

136 

Iraqi, D., Quy Le, V., Lamhamedi, M. S., Tremblay, F. M., 2005. Sucrose utilization during 
somatic embryo development in black spruce: involvement of apoplastic invertase in the 
tissue and of extracellular invertase in the medium. J. Plant Physiol. 162, 115-124. 

Izaguirre-Mayoral, M. L., de Uzcategui, R. C., Carballo, O., 1993. Crassulacean acid 
metabolism in two species of orchids infected by Tobacco mosaic virus-orchid strain and or 
Cymbidium mosaic virus. J. Phytopathol. 137, 272-282. 

Jahangir, M., Abdel-Farid, I. B., Choi, Y. H., Verpoorte, R., 2008a. Metal ion-inducing 
metabolite accumulation in Brassica rapa. J. Plant Physiol. 165, 1429-1437. 

Jahangir, M., Kim, H. K., Choi, Y. H., Verpoorte, R., 2008b. Metabolomic response of 
Brassica rapa submitted to pre-harvest bacterial contamination. Food Chem. 107, 362-368. 

Jain, S. M., 2001. Tissue culture-derived variation in crop improvement. Euphytica 118, 
153-166. 

Janarthanam, B., Seshadri, S., 2008. Plantlet regeneration from leaf derived callus of Vanilla 
planifolia Andr. In Vitro Cellular & Developmental Biology-Plant 44, 84-89. 

Janot, M. M., 1954. Formation du parfum de la vanille. In: Bouriquet, G. (Ed.), Le vanillier 
et la vanille dans le monde. Paul Lechevalier, Paris, pp. 540-558. 

Jensen, D. D., Gold, A. H., 1955. Hosts, transmission, and electron microscopy of 
cymbidium mosaic virus with special reference to Cattleya leaf necrosis. Phytopathology 45, 
327-334. 

Joel, D. M., French, J. C., Graft, N., Kourteva, G., Dixon, R. A., Havkin-Frenkel, D., 2003. 
A hairy tissue produces vanillin. Isr. J. Plant Sci. 51, 157-159. 

Jones, M. A., Vicente, G. C., 1949. Quality of cured vanilla in relation to some natural 
factors. J. Agric. Res. 78, 445-450. 

Kahane, R., Besse, P., Grisoni, M., Le Bellec, F., Odoux, E., 2008. Bourbon Vanilla: 
Natural Flavour with a Future. Chron. Horticult. 48, 23-29. 

Kalimuthu, K., Senthilkumar, R., Murugalatha, N., 2006. Regeneration and mass 
multiplication of Vanilla planifolia Andr. - a tropical orchid. Curr. Sci. 91, 1401-1403. 

Kanisawa, T., 1993. Flavor Development in Vanilla Beans. Kouryou 180, 113-123. 

Kanisawa, T., Tokoro, K., Kawahara, S., 1994. Flavor Development in the Beans of Vanilla 
planifolia. In: Kurihara, K., Suzuki, N., Ogawa, H. (Eds.), Proceedings of the International 
Symposium, Tokyo, Japan, pp. 268-270. 

Kim, H. K., Choi, Y. H., Erkelens, C., Lefeber, A. W. M., Verpoorte, R., 2005. Metabolic 
fingerprinting of Ephedra species using 1H-NMR spectroscopy and principal component 
analysis. Chem. Pharm. Bull. 53, 105-109. 



 

137 

Kodja, H., Govinden-Soulange, J., Gurib-Fakim, A., Robene-Soustrade, I., Humeau, L., 
Figier, J., 1998. Micropropagation of Psiadia arguta through cotyledonary axillary bud 
culture. Plant Growth Regul. 25, 75-80. 

Korthou, H., Verpoorte, R., 2007. Vanilla. In: Berger, R. G. (Ed.), Flavours and Fragrances. 
Springer, Berlin Heidelberg, pp. 203-217. 

Labuda, I. M., Goers, K. A., Keon, K. A., 1993. Microbial bioconversion process for the 
production of vanillin. In: Schreier, P., Winterhaler, P. (Eds.), Progress in flavour precursor 
studies: analysis, generation, biotechnology. Proceedings of the international conference, 
Wuerzburg. Allured, Carol Stream, pp. 477-482. 

Lea, P. J., Sodek, L., Parry, M. A. J., Shewry, P. R., Halford, N. G., 2007. Asparagine in 
plants. Ann. Appl. Biol. 150, 1-26. 

Leclercq-Le Quillec, F., Rivière, C., Lagorce, A., 2001. Spread of cymbidium mosaic 
potexvirus and potyviruses in vanilla plants grown in shade houses in Reunion Island Fruits 
56, 249-260. 

Lecomte, H., 1901. Sur la formation du parfum de la vanille. Compte Rendu des Séances de 
l'Académie des Sciences de Paris T133, 745-748. 

Leong, G., Archavlis, A., Derbesy, M., 1989a. Research on the glucoside fraction of the 
vanilla bean. J. Essent. Oil Res. 1, 33-41. 

Leong, G., Uzio, R., Derbesy, M., 1989b. Synthesis, identification and determination of 
glucosides present in green vanilla beans (Vanilla fragrans Andrews). Flavour Fragr. J. 4, 
163-167. 

Li, H. M., Rotter, D., Hartman, T. G., Pak, F. E., Havkin-Frenkel, D., Belanger, F. C., 2006. 
Evolution of novel O-methyltransferases from the Vanilla planifolia caffeic acid O-
methyltransferase. Plant Mol. Biol. 61, 537-552. 

Lubinsky, P., Bory, S., Hernández Hernández, J., Kim, S.-C., Gómez-Pompa, A., 2008. 
Origins and Dispersal of Cultivated Vanilla (Vanilla planifolia Jacks. [Orchidaceae]). Econ. 
Bot. 62, 127-138. 

Maayan, I., Shaya, F., Ratner, K., Mani, Y., Lavee, S., Avidan, B., Shahak, Y., Ostersetzer-
Biran, O., 2008. Photosynthetic activity during olive (Olea europaea) leaf development 
correlates with plastid biogenesis and Rubisco levels. Physiol. Plant 134, 547-558. 

Madhubala, R., Bhadramurthy, V., Bhat, A. I., Hareesh, P. S., Retheesh, S. T., Bhai, R. S., 
2005. Occurencre of Cucumber mosaic virus on vanilla (Vanilla planifolia Andrews) in 
India. J. Biosci. 30, 339-350. 

Mariezcurrena, M. D., Zavaleta, H. A., Waliszewski, K. N., Sanchez, V., 2008. The effect of 
killing conditions on the structural changes in vanilla (Vanilla planifolia, Andrews) pods 
during the curing process. Int. J. Food Sci. Technol. 43, 1452-1457. 



References 

138 

Márquez, O., Waliszewski, K. N., 2008. The effect of thermal treatment on β-glucosidase 
inactivation in vanilla bean (Vanilla planifolia Andrews). Int. J. Food Sci. Technol. 43, 
1993-1999. 

Márquez, O., Waliszewski, K. N., Oliart, R. M., Pardio, V. T., 2008. Purification and 
characterization of cell wall-bound peroxidase from vanilla bean. LWT - Food Sci. Technol. 
41, 1372-1379. 

Martin, G. E., Ethridge, M. W., Kaiser, F. E., 1977. Determining the authenticity of vanilla 
extracts. J. Food Sci. 42, 1580-1583. 

Massart, D., Vandeginste, B., Deming, S., Michotte, Y., Kauffman, L., 1988. 
Chemometrics: A Textbook. Elsevier, New York. 

Matthews, R. E. F., 1991. Plant Virology - Third edition. Academic Press, New York. 

Miflin, B., Habash, D., 2002. The role of glutamine synthetase and glutamate 
dehydrogenase in nitrogen assimilation and possibilities for improvement in the nitrogen 
utilization of crops. J. Exp. Bot. 53, 979-987. 

Minoo, D., Jayakumar, V. N., Veena, S. S., Vimala, J., Basha, A., Saji, K. V., Babu, K. N., 
Peter, K. V., 2008. Genetic variations and interrelationships in Vanilla planifolia and few 
related species as expressed by RAPD polymorphism. Genet. Resour. Crop Evol. 55, 459-
470. 

Moles, M., Delatte, H., Farreyrol, K., Grisoni, M., 2007. Evidence that Cymbidium mosaic 
virus strains segregate into two groups based on coat protein and replicase genes. Arch. 
Virol. 152, 705-715. 

Morel, G., Wetmore, R., 1951. Fern callus tissue culture. Am. J. Bot. 38, 141-143. 

Morot-Gaudry, J.-F., 1997. Assimilation de l'azote chez les plantes: aspects physiologique, 
biochimique et moléculaire. Editions Quae, Versailles, France. 

Mounet, F., Lemaire-Chamley, M., Maucourt, M., Cabasson, C., Giraudel, J.-L., Deborde, 
C., Lessire, R., Gallusci, P., Bertrand, A., Gaudillère, M., Rothan, C., Rolin, D., Moing, A., 
2007. Quantitative metabolic profiles of tomato flesh and seeds during fruit development: 
complementary analysis with ANN and PCA. Metabolomics 3, 273-288. 

Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and bioassays with 
tobacco tissue cultures. Physiol. Plant 15, 473-497. 

Murch, S., Victor, J. M. R., Krishnaraj, S., Saxena, P. K., 1999. The role of proline in 
thidiazuroninduced somatic embryogenesis of peanut. In Vitro Cell. Dev. Biol. Plant 35, 
102-105. 

Mustafa, N., Verpoorte, R., 2007. Phenolic compounds in Catharanthus roseus. Phytochem. 
Rev. 6, 243-258. 



 

139 

Negishi, O., Ozawa, T., 1996. Determination of hydroxycinnamic acids, hydroxybenzoic 
acids, hydroxybenzaldehydes, hydroxybenzyl alcohols and their glucosides by high-
performance liquid chromatography. J. Chromatogr. A 756, 129-136. 

Negishi, O., Sugiura, K., Negishi, Y., 2009. Biosynthesis of Vanillin via Ferulic Acid in 
Vanilla planifolia. J. Agric. Food Chem. 57, 9956-9961. 

Obolensky, G., 1957. Etude de l'action des Ultra-Sons sur le developpement de la vanilline 
dans la preparation de la vanille. Plant Foods Hum. Nutr. 2, 336-341. 

Obolensky, G., 1958. Influence des ultra-sons sur l'augmentation des taux de vanilline et 
d'oleoresines dans les gousses de vanille. Plant Foods Hum. Nutr. 5, 45-63. 

Odoux, E., 2000. Changes in vanillin and glucovanillin concentrations during the various 
stages of the process traditionally used for curing Vanilla fragrans beans in Réunion. Fruits 
55, 119-125. 

Odoux, E., 2004. Contribution à l'etude de l'hydrolyse de la glucovanilline en vanilline dans 
la "gousse" du vanillier (Vanilla planifolia G. Jackson). Sciences et Procédés Biologiques et 
Industriels, vol. PhD. Université de Montpellier 2, Montpellier, p. 159. 

Odoux, E., 2006. Glucosylated aroma precursors and glucosidase(s) in vanilla bean (Vanilla 
planifolia G. Jackson). Fruits 61, 171-184. 

Odoux, E., Brillouet, J. M., 2009. Anatomy, histochemistry and biochemistry of 
glucovanillin, oleoresin and mucilage accumulation sites in green mature vanilla pod 
(Vanilla planifolia; Orchidaceae): a comprehensive and critical reexamination. Fruits 64, 
221-241. 

Odoux, E., Chauwin, A., Brillouet, J. M., 2003a. Purification and Characterization of 
Vanilla Bean (Vanilla planifolia Andrews) β-D-Glucosidase. J. Agric. Food Chem. 51, 
3168-3173. 

Odoux, E., Escoute, J., Verdeil, J.-L., 2006. The relation between glucovanillin, ß-D-
glucosidase activity and cellular compartmentation during the senescence, freezing and 
traditional curing of vanilla beans. Ann. Appl. Biol. 149, 43-52. 

Odoux, E., Escoute, J., Verdeil, J.-L., Brillouet, J.-M., 2003b. Localization of ß-D-
glucosidase activity and glucovanillin in vanilla bean (Vanilla planifolia Andrews). Ann. 
Bot. 92, 437-444. 

Odoux, E., Escoute, J., Verdeil, J.-L., Brillouet, J. M., 2005. Hydrolysis of Glucovanillin by 
ß-DGlucosidase during Curing of Vanilla Bean (Vanilla planifolia Andrews). 

Odoux, E., Languille, S., Leblé, J.-P., Lombard, A., 2000. The effect of the nature of the soil 
amendments on the main aromatic compounds in Vanilla fragrans beans. Fruits 55, 63-71. 

Pak, F. E., Gropper, S., Dai, W. D., Havkin-Frenkel, D., Belanger, F. C., 2004. 
Characterization of a multifonctional methyltransferase from the orchid Vanilla planifolia. 
Plant Cell Rep. 22, 959-966. 



References 

140 

Palama, T. L., Fock, I., Choi, Y. H., Verpoorte, R., Kodja, H., 2010. Biological variation of 
Vanilla planifolia leaf metabolome. Phytochemistry 71, 567-573. 

Palama, T. L., Khatib, A., Choi, Y. H., Payet, B., Fock, I., Verpoorte, R., Kodja, H., 2009. 
Metabolic Changes in Different Developmental Stages of Vanilla planifolia Pods. J. Agric. 
Food Chem. 57, 7651-7658. 

Patil, G., Patel, R., Jaat, R., Pattanayak, A., Jain, P., Srinivasan, R., 2009. Glutamine 
improves shoot morphogenesis in chickpea (Cicer arietinum L.). Acta Physiol. Plant. 31, 
1077-1084. 

Pearson, M. N., Brunt, A. A., Pone, S. P., 1990. Some hosts and properties of a potyvirus 
infecting Vanilla fragrans (Orchidaceae) in the kingdom of Tonga. J. Phytopathol. 128, 46-
54. 

Pearson, M. N., Cole, J. S., 1986. The effects of Cymbidium mosaic Virus and 
Odontoglossum ringspot virus on the growth of cymbidium orchids. J. Phytopathol. 117, 
193-197. 

Pearson, M. N., Cole, J. S., 1991. Further observations on the effects of cymbidium mosaic 
virus and odotonglossum ring spot virus on growth of Cymbidium orchids. J. Phytopathol. 
131, 193-198. 

Pearson, M. N., Jackson, G. V. H., Pone, S. P., Howitt, R., 1993. Vanilla viruses in the 
South Pacific. Plant Pathol. 42, 127-131. 

Pérez-Silva, A., 2006. Contribution à l'étude de la génèse des composés d'arôme au cours du 
procédé mexicain de transformation de la vanille (Vanilla planifolia G. Jackson). Hérault. 
Université de Montpellier II, Montpellier, p. 158. 

Pérez-Silva, A., Odoux, E., Brat, P., Ribeyre, F., Rodriguez-Jimenes, G., Robles-Olvera, V., 
García-Alvarado, M. A., Günata, Z., 2006. GC-MS and GC-olfactometry analysis of aroma 
compounds in a representative organic aroma extract from cured vanilla (Vanilla planifolia 
G. Jackson) beans. Food Chem. 99, 728-735. 

Podstolski, A., Havkin-Frenkel, D., Malinowski, J., Blount, J. W., Kourteva, G., Dixon, R. 
A., 2002. Unusual 4-hydroxybenzaldehyde synthase activity from tissue cultures of the 
vanilla orchid Vanilla planifolia. Phytochemistry 61, 611-620. 

Porras-Alfaro, A., Bayman, P., 2007. Mycorrhizal fungi of Vanilla: diversity, specificity and 
effects on seed germination and plant growth. Mycologia 99, 510-525. 

Prat, Y., Subitte, J., 1969. Contribution à l'étude des constituants aromatiques de la vanille - 
Detection de l'alcool p-hydroxybenzylique par chrmatographie sur couche minche. Ann. 
Fals. Exp. Chim. 62, 225-230. 

Purseglove, J. W., Brown, E. G., Green, C. I., Robbins, S. R. J., 1981. Vanilla. Spices, vol. 
2. Longman Inc., New York. 



 

141 

R Development Core Team, 2006. R: A Language and Environment for Statistical 
Computing. http///www.r-project.org/. R Foundation for Statistical Computing, Vienna, 
Austria. 

Ramaroson-Raonizafinimanana, B., Gaydou, E. M., Bombarda, I., 1997. Hydrocarbons from 
three vanilla bean species: V.fragrans, V.madagascariensis, and V.tahitensis. J. Agric. Food 
Chem. 45, 2542-2545. 

Ramaroson-Raonizafinimanana, B., Gaydou, E. M., Bombarda, I., 1998. 4-demethylsterols 
and triterpene alcohols from two Vanilla bean species: Vanilla fragrans and V. tahitensis. J. 
Am. Oil Chem. Soc. 75, 51-55. 

Ramaroson-Raonizafinimanana, B., Gaydou, E. M., Bombarda, I., 1999. Long-chain 
gamma-pyrones in epicuticular wax of two Vanilla bean species: V. fragrans and V. 
tahitensis. J. Agric. Food Chem. 47, 3202-3205. 

Ramaroson-Raonizafinimanana, B., Gaydou, E. M., Bombarda, I., 2000. Long-Chain 
Aliphatic ß-Diketones from Epicuticular Wax of Vanilla Bean Species. Synthesis of 
Nervonoylacetone J. Agric. Food Chem. 48, 4739-4743. 

Ranadive, A. S., 1994. Vanilla - Cultivation, curing, chemistry, technology and commercial 
products. In: Charalambous, G. (Ed.), Spices, herbs and edible fungi. Elsevier, Amsterdam, 
The Netherlands, pp. 517-576. 

Ranadive, A. S., Szkutnica, K., Guerrera, J. G., Frenkel, C., 1983. Vanilla biosynthesis in 
vanilla beans. Proccedings of the IX International congress of Essential Oils, Singapore, pp. 
147-154. 

Rao, S. R., Ravishankar, G. A., 2000. Vanilla flavour: production by conventional and 
biotechnological routes. J. Sci. Food Agric. 80, 289-304. 

Ratobison, R., Zeghmati, B., Reddy, T. A., Daguenet, M., 1998. Sizing of solar 
supplemented liquid and air heating systems for the treatment of vanilla. Sol. Energy 62, 
131-138. 

Richard, A., Farreyrol, K., Rodier, B., Leoce-Mouk-San, K., Wong, M., Pearson, M. N., 
Grisoni, M., 2009. Control of virus diseases in intensively cultivated vanilla plots of French 
Polynesia. Crop Prot. 28, 870-877. 

Richard, A., Rivière, C., Ryckewaert, P., Côme, B., Quilici, S., 2003. Un nouveau ravageur 
de la vanille, la cochenille Conchaspis angraeci : Étude préliminaire à la mise en place 
d'une stratégie de lutte raisonnée à la Réunion. Phytoma 562, 36-39. 

Romagnoli, L. G., Knorr, D., 1988. Effects of ferulic acid treatment on growth and flavor 
development of cultured Vanilla planifolia cells. Food Biotechnol. 2, 93-104. 

Roussos, P. A., Matsoukis, A., Pontikis, C. A., Chronopoulou-Sereli, A., 2007. Relations of 
environmental factors with the phenol content and oxidative enzyme activities of olive 
explants. Sci. Hortic. 113, 100-102. 



References 

142 

Saeed, A. I., Sharov, V., White, J., Li, J., Liang, W., Bhagabati, N., Braisted, J., Klapa, M., 
Currier, T., Thiagarajan, M., Sturn, A., Snuffin, M., Rezantsev, A., Popov, D., Ryltsov, A., 
Kostukovich, E., Borisovsky, I., Liu, Z., Vinsavich, A., Trush, V., Quackenbush, J., 2003. 
TM4: A free, open-source system for microarray data management and analysis. 
BioTechniques 34, 374-378. 

Sagrero-Nieves, L., Schwartz, S. J., 1988. Phenolic content of Vanilla planifolia as affected 
by harvest period. J. Food Compos. Anal. 1, 362-365. 

Salgado, P. R., Favarin, J. L., Leandro, R. A., de Lima Filho, O. F., 2008. Total phenol 
concentrations in coffee tree leaves during fruit development. Sci. Agric. 65, 354-359. 

Scarpeci, T. E., Marro, M. L., Bortolotti, S., Boggio, S. B., Valle, E. M., 2007. Plant 
nutritional status modulates glutamine synthetase levels in ripe tomatoes (Solanum 
lycopersicum cv. Micro-Tom). J. Plant Physiol. 164, 137-145. 

Schrader, J., Etschmann, M. M. W., Sell, D., Hilmer, J.-M., Rabenhorst, J., 2004. Applied 
biocatalysis for the synthesis of natural flavour compounds - current industrial processes and 
future prospects. Biotechnol. Lett. 26, 463-472. 

Schwarz, B., Hofmann, T., 2009. Identification of Novel Orosensory Active Molecules in 
Cured Vanilla Beans (Vanilla planifolia). J. Agric. Food Chem. 57, 3729-3737. 

Selosse, M.-A., Roy, M., 2009. Green plants that feed on fungi: facts and questions about 
mixotrophy. Trends Plant Sci. 14, 64-70. 

Serra, S., Fuganti, C., Brenna, E., 2005. Biocatalytic preparation of natural flavours and 
fragrances. Trends Biotechnol. 23, 193-198. 

Sinha, A. K., Sharma, U. K., Sharma, N., 2008. A comprehensive review on vanilla flavor: 
Extraction, isolation and quantification of vanillin and others constituents. Int. J. Food Sci. 
Nutr. 59, 299-326. 

Son, H.-S., Hwang, G.-S., Kim, K. M., Ahn, H.-J., Park, W.-M., Van Den Berg, F., Hong, 
Y.-S., Lee, C.-H., 2009. Metabolomic Studies on Geographical Grapes and Their Wines 
Using 1H NMR Analysis Coupled with Multivariate Statistics. J. Agric. Food Chem. 57, 
1481-1490. 

Soto Arenas, M. A., 2003. Vanilla. In: Pridgeon, A. M., Cribb, P. J., Chase, M. W., 
Rasmussen, F. N. (Eds.), Genera Orchidacearum, vol. 3. Oxford University Press, USA, pp. 
321-334. 

Sreedhar, R., Venkatachalam, L., Neelwarne, B., 2009a. Hyperhydricity-Related 
Morphologic and Biochemical Changes in Vanilla (Vanilla planifolia). J. Plant Growth 
Regul. 28, 46-57. 

Sreedhar, R. V., Roohie, K., Maya, P., Venkatachalam, L., Bhagyalakshmi, N., 2009b. 
Biotic elicitors enhance flavour compounds during accelerated curing of vanilla beans. Food 
Chem. 112, 461-468. 



 

143 

Sreedhar, R. V., Roohie, K., Venkatachalam, L., Narayan, M. S., Bhagyalakshmi, N., 2007. 
Specific Pretreatments Reduce Curing Period of Vanilla (Vanilla planifolia) Beans. J. Agric. 
Food Chem. 55, 2947-2955. 

Srivastava, L. M., 2002. Hormonal Regulation of Cell Division and Cell Growth. Plant 
Growth and Development. Academic Press, San Diego, pp. 341-379. 

Sumner, L. W., Mendes, P., Dixon, R. A., 2003. Plant metabolomics: large-scale 
phytochemistry in the functional genomics era. Phytochemistry 62, 817-836. 

Sun, R., Sacalis, J. N., Chin, C. K., Still, C. C., 2001. Bioactive Aromatic Compounds from 
Leaves and Stems of Vanilla fragrans. J. Agric. Food Chem. 49, 5161-5164. 

Tiemann, F., 1885. Ueber Glucovanillin and Glucovanillylalkohol. Ber. Deut. Chem. Ges. 
18, 1595-1600. 

Tokoro, K., Kawahara, S., Amano, A., Kanisawa, T., Indo, M., 1990. Glucosides in vanilla 
beans and changes of their contents during maturation. In: Bessiere, Y., Thomas, A. F. 
(Eds.), Flavour science and technology. John Wiley & Sons, Chichester, New York, 
Brisbane, Toronto, Singapore, pp. 73-76. 

Urbanczyk-Wochniak, E., Luedemann, A., Kopka, J., Selbig, J., Roessner-Tunali, U., 
Willmitzer, L., Fernie, A. R., 2003. Parallel analysis of transcript and metabolic profiles: a 
new approach in systems biology. EMBO Rep. 4, 989-993. 

Vasudevan, A., Selvaraj, N., Ganapathi, A., Kasthurirengan, S., Ramesh Anbazhagan, V., 
Manickavasagam, M., 2004. Glutamine: A Suitable Nitrogen Source for Enhanced Shoot 
Multiplication in Cucumis sativus L. Biol. Plant. 48, 125-128. 

Verma, P. C., Chakrabarty, D., Jena, S. N., Mishra, D. K., Singh, P. K., Sawant, S. V., Tuli, 
R., 2009. The extent of genetic diversity among Vanilla species: Comparative results for 
RAPD and ISSR. Ind. Crop. Prod. 29, 581-589. 

Verpoorte, R., Choi, Y. H., Kim, H. K., 2007. NMR-based metabolomics at work in 
phytochemistry. Phytochem. Rev. 6, 3-14. 

Vogels, J. T. W. E., Terwel, L., Tas, A. C., van den Berg, F., Dukel, F., van der Greef, J., 
1996. Detection of Adulteration in Orange Juices by a New Screening Method Using Proton 
NMR Spectroscopy in Combination with Pattern Recognition Techniques. J. Agric. Food 
Chem. 44, 175-180. 

Voisine, R., Carmichael, L., Chalier, P., Cormier, F., Morin, A., 1995. Determination of 
Glucovanillin and Vanillin in Cured Vanilla Pods. J. Agric. Food Chem. 43, 2658-2661. 

Waliszewski, K. N., Márquez, O., Pardio, V. T., 2009. Quantification and characterization 
of polyphenol oxidase from vanilla bean. Food Chem. 117, 196-203. 

Walton, N. J., Mayer, M. J., Narbad, A., 2003. Molecules of interest - Vanillin. 
Phytochemistry 63, 505-515. 



References 

144 

Wang, Y. Y., Beck, D. L., Gardner, R. C., Pearson, M. N., 1993. Nucleotide sequence, 
serology and symptomatology suggest that vanilla necrosis potyvirus is a strain of 
watermelon mosaic virus II. Arch. Virol. 129, 93-103. 

Wang, Y. Y., Pearson, M. N., 1992. Some characteristics of potyvirus isolates from Vanilla 
tahitensis in French Polynesia and the Cook Islands. J. Phytopathol. 135, 71-76. 

Ward, J. L., Baker, J. M., Beale, M. H., 2007. Recent applications of NMR spectroscopy in 
plant metabolomics. FEBS J. 274, 1126-1131. 

Ward, J. L., Harris, C., Lewis, J., Beale, M. H., 2003. Assessment of 1H NMR spectroscopy 
and multivariate analysis as a technique for metabolite fingerprinting of Arabidopsis 
thaliana. Phytochemistry 62, 949-957. 

Wild-Altamirano, C., 1969. Enzymic activity during growth of Vanilla fruit. 1.Proteinase, 
glucosidase, peroxidase and polyphenoloxidase. J. Food Sci. 34, 235-238. 

Wisler, G. C., Zettler, F. W., Mu, L., 1987. Virus infections of vanilla and other orchids in 
French Polynesia. Plant Dis. 71, 1125-1129. 

Xue, Z.-T., Brodelius, P. E., 1998. Kinetin-induced caffeic acid O-methyltransferases in cell 
suspension cultures of Vanilla planifolia Andr. and isolation of caffeic acid O-
methyltransferase cDNAs. Plant Physiol. Biochem. 36, 779-788. 

Yuana, Dignum, M. J. W., Verpoorte, R., 2002. Glucosylation of exogenous vanillin by 
plant cell cultures. Plant Cell Tissue Organ Cult. 69, 177-182. 

Zabriskie, T. M., Jackson, M. D., 2000. Lysine biosynthesis and metabolism in fungi. Nat. 
Prod. Rep. 17, 85-97. 

Zenk, M. H., 1965. Biosynthese von Vanillin in Vanilla planifolia Andr. Z. Pflanzenphysiol. 
53, 404-414. 

Zettler, F. W., Ko, N. J., Wisler, G. C., Elliott, M. S., Wong, S. M., 1990. Viruses of orchids 
and their control. Plant Dis. 74, 621–626. 

Zhang, P., Whistler, R. L., BeMiller, J. N., Hamaker, B. R., 2005. Banana starch: 
production, physicochemical properties, and digestibility - a review. Carbohydr. Polym. 59, 
443-458. 
 
 



<<
  /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


